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ABSTRACT 

       Irradiation disinfestations of Siwa date fruits seems to be a very promising 
method. Considerations of the health safety of irradiated date fruits involve 
nutritional contents has been investigated by chemical analysis. The dose of 400 
and 1000 Gy were lethal for the different stages of oases date moth, Ephestia 
calidella. Dates are a good source of iron and potassium, they also contain 
calcium, magnesium, copper and other minerals. The radiation dose 1000 Gy had 
mostly affected the carbohydrates content, some minerals as Fe, Ca and Na 
partially changed by the treatment. Protein and vitamin contents were slightly 
affected. 
Key Words: Gamma Irradiation / Ephestia calidella / Date Fruits / Carbohydrates /   

Protein /  Minerals. 
 

INTRODUCTION 
 
      Date palm is an important crop and can grow well in the semidry desert area.  In Egypt, dates          
are considered among  the most  eminent  horticulture  crops.  Dates are a good  source  of  iron,  
and potassium, they also contain calcium, magnesium, copper and other minerals. Scientists 
called it "Mine of minerals". 
 
      Many insect pests cause huge losses and qualitative damage of food grains and many other 
foodstuff in storage within a short period of time because of feeding inside grains, encouragement 
of high moisture and development of micro-organisms (Demianyk and Sinha(1) ). In recent years, 
much efforts has been devoted to develop non-chemical methods for controlling insects in stored 
products. Gamma irradiation appears to be one of the most promising alternatives to the use of 
chemicals for insect control. 
 
      The aim of this work was to study the direct effect of gamma radiation on all stages of 
Ephestia calidella, as the dates infested in the field before harvest. The qualitative nutritive value 
of dates after exposure to radiation and storage was also determined. 
 

 
MATERIALS AND METHODS 

 
 

      For studying the direct effect of gamma irradiation on different stages of oases date moth, 
samples of 100 eggs (5 day-old), 100 larvae (18 day-old), 50 pupae (10 day-old) and 5 pairs of 
newly emerged   
 
adults (1day-old) were irradiated at 150, 400 and 1000 Gy in a cobalt-60 unit installed at the 
laboratory of the Middle Eastern Regional Radioisotopes Center for the Arab Countries, Cairo, 
Egypt. Each treatment was replicated 5 times. A group of the same number for each stage was 



kept as control. Percent mortality for eggs, larvae and pupae were determined; and the life span of 
adults was calculated. 
        
      Chemical analysis of date fruits subjected to gamma doses (150, 400 and 1000 Gy) and stored 
for three months was carried out. Moisture content and ash were determined according to 
A.O.A.C.(2). Also, crude fiber was determined according to the method reported by Pearson(3) . 
The  crude protein was determined using Kjeldahl method. Total hydrolysable carbohydrates were 
determined as glucose by the phenol-sulfuric acid method as described by Michel et al.(4) . 
Minerals as potassium and sodium were determined using a flam photometer, while calcium, 
magnesium, zinc, copper and iron were determined using atomic absorption A.SCANI as 
described in A.O.A.C.(5).  
 
 

RESULTS AND DISCUSSION 

 

 

          Table (1) shows the effect of gamma irradiation on eggs of Ephestia calidella. The egg is 
generally the most radiation sensitive stage. The percentage of egg hatch was inversely related to 
the dose received. The percent larvae hatched from eggs irradiated with 150 Gy was (47.6 %). 
The hatched larvae were sluggish and some died within a short time and no eggs hatched at 
400Gy (i.e. mortality 100%). 
 
      Depending on the radiation dosage, irradiated full grown larvae showed different responses. 
Most untreated larvae (control) pupated successfully. The first type of response was shown by 
larvae treated with 150 Gy, less than 50% of these larvae died (39.3% mortality). The second 
response was shown by larvae treated with 400 Gy, in these larvae mortality reached 100%. 
 
      Pupal stage was more tolerant to radiation than eggs and larvae. The average pupal mortality 
percentage was 0.0, 9.8, 31.2, and 100% at 0, 150, 400 and 1000 Gy. The pupal mortality 
percentage was increased as the doses increased. The life span of moths irradiated as adults was 
not affected by the radiation treatments at lower doses. Survival of the adults decreased with 
increase of radiation doses. The non feeding, harmless adult stage of the E.calidella has a 
relatively very short life span. 
 
Table (1) : Role  of  gamma  rays  in  preventing  infestation  of  Siwa  dry  dates  by  E. 
calidella. 
 

Radiation dose 
(Gy) 

Eggs ( 1 ) 
% Mortality 

Larvae ( 2 ) 
% Mortality 

Pupae ( 3 ) 
% Mortality 

Adults ( 4 ) 
Life  span. 

0 13. 9 17. 6  0. 0 5. 4 days 

150 52. 4 39. 3  9. 8 5. 5 days 

400 100. 0 100. 0 31. 2 5. 0 days 

1000 100. 0              100. 0 100. 0 2. 0 days 

 
       ( 1 )   (5 day - old)                                                                                                         ( 2 )  (18 day - old) 
       ( 3 )  (10 day - old)                                                                                                 ( 4 )  (newly emerged)         



      The data show that if the dates contains only eggs or larvae, 400 Gy dose is sufficient to 
achieve disinfestations. If all stages of metamorphosis are present, 1000 Gy seems to be more 
adequate. The majority of the obtained results agreed with those obtained by some authors. 
Shehegoleva(6) , studied the effect of gamma radiation on some insects infested dried fruits in 
some factories at the soviet union, such as Ephestia elutella and Oryzaephilus surinamensis. A 
dose of 700 Gy was sufficient to induce 100% mortality to these pests. Papadopoulou(7) , studied 
the effect of  gamma irradiation on some lepidopterous and coleopterous insects. The results 
indicated that the 250 Gy reduced egg hatch to 10% for Ephestia cautella and 15% for Plodia 
interpunctella. The dose of 1000 Gy prevented egg hatch. Cogburn et al.(8) , studied the 
radiosensitivity of the different developmental stages of Plodia interpunctella and Sitotroga 
cerealella at various gamma radiation doses. They reported that the eggs of both species and the 
larvae of the Indian meal moth were controlled by all dosages used. Huge(9)  , conducted to find 
out the effect of gamma radiation on the survival of the rice moth, Corcyra cephalonica. He 
found that newly laid eggs were more susceptible to irradiation than the other three 
developmental stages. The dose of 250 Gy was found sufficient to prevent further propagation of 
this pest. Cogburn et al.(10) , stated that the development  adults of Cadra cautella from treated 
eggs and larvae was prevented by 200 and 300 Gy, respectively. 
 
      Ahmed et al.(11) , studied the effect of gamma radiation on insect disinfestation of 
commercially packed dry dates. They found the wrapping of "window carton lunch boxes" with 
poly ethylene film, compared to cellophane, prevented reinfestation for a long period of storage if 
treated with  0.70 kGy of gamma radiation. All live insects which were found in the irradiated 
boxes and tested were genetically sterile and different developmental stages died within a short 
period of time. 
 
      Rodrigues et al.(12)  , revealed that the eggs of S. cerealella  at the age of 24 hr, were killed at 
100 Gy. Immediate lethality of adults was not observed with the dose of 3000 Gy but all insects 
died after two days. Khan et al.(13)  , found that dry fruits such as apricots, dates, figs and raisins 
were exposed to radiation doses 0,25, 0.50, 1.00 kGy and the samples were stored after packaging 
in poly-ethylene pouches. The radiation dose 1.00 kGy completely inhibited infestation 
throughout the storage time. 
 
      Wang(14)  , found that raisins were 100% uninfested for 58 days with larvae of P. 
interpunctella after irradiation with 1.0 kGy, 72 days after irradiation with 2.7 kGy and 259 days 
after treatment with 3.5 kGy, while untreated raisins were 50% infested after 27 days and 100% 
infested after 50 days. The LD100 was 3.0 kGy for larvae. Hasaballa and Boshra (15) , studied the 
effects of gamma radiation doses from 100 to 300 Gy on the immature stage of seven stored 
product insects. C. cephalonica and  Ephestia kuehniella  appeared to be the most resistant 
species.  Boshra and     Ahmed (16) , reported that larvae (30- days old) of C. cephalonica 
irradiated with 450Gy did not transform into pupae and all died. 
 
      Table (2) demonstrates the doses and the changes produced in nutritive value of dates. It was 
noticed that moisture content of irradiated samples decreased as compared with non irradiated 
one. After three months in storage both irradiated and non irradiated sample the moisture content 
was slightly decreased (Table 3). The qualitative analysis of ash percent and fiber percent suffer 
no perceptible alteration at high level of irradiation. It is also interesting to note that the ash 
percent slightly increased (2.17) by increasing radiation dose and the end of storage period as 
compared with the control (2.0). 
 
      It is shown in Table (2) that the application of gamma irradiation induced decrease in the 
percentage of protein at the doses of 150 Gy and 400 Gy in comparison with control. The highest  



 
decrease in the protein was 3.3% at 400 Gy. However there was a clear decrease in the protein 
percent after irradiation and storage for three months (Table 3). 

 
      The data tabulated in Table (2) show that the carbohydrate percent was reduced by irradiation. 
The reduction was 68.0 % at 1000 Gy as compared to 73.9% in control. During storage the results 
indicate that carbohydrate percents decreased in both irradiated and non-irradiated samples (Table 
3 & Fig.1). 
 
      Mineral content as Fe, Ca, Zn, Mg, Mn and Na in irradiated samples decreased than non-
irradiated ones (Table 2). A remarkable decrease was found in these minerals with the end of 
storage period at high dose. For example Fe content was 1.5 mg/100 g at 1000 Gy while in 
control it was 2.14 mg/100g and Na was 3.99 mg/100 g at 400 Gy as compared with 29.63 
mg/100 g  in control (Table 3 & Fig. 2). Another influence of radiation on some minerals as K 
content progressively increased as radiation doses increased, it was 881.2 mg/100 g for control 
and 2127.13 mg/100 g  at 400 Gy. This means that the rate of change in amount of K mineral was 
dependent on the dose level. After storage period and with increasing the dose there was a sharp 
increase in amounts of K in both irradiated and non-irradiated. The Cu mineral was not found in 
all samples of dates before storage while as the dates were stored for 3 month it existed in control 
0.52 mg/100 g and there was a gradual decrease by increasing radiation dose (0.22 at 1000 Gy) 
(Tables 2 & 3). Also, Table (2) shows that there was a slight variation in the amount of vitamins ( 
Thiamines (B1), Biotin and Folic acid ) among irradiated and control group. 
 
 
 
 
 
 
 
 
 
 
 

1000(Gy) 400 (Gy) 150 (Gy) 0 (control) 
 

Dose  (Gy)  
 

Parameter  of 
nutritive  value   



 
Table (2) : Effect  of  gamma  irradiation on nutritive value  of dry dates . 
 
 
     Table (3) shows that after three months of storage, the Thiamine ( B1)  content  was decreased 
from control (0.106 mg/ g) and at 1000 Gy it was 0.082 mg/ g. While folic acid content decreased 
during storage and at higher dose increased to 0.43  mg/ g in comparison with control while was 
0.094 mg/ g. However the amount of vitamin Ribo Flavine (B2) and Niacin (B3) decreased by 
increasing the dose level. For example the amount of Niacin (B3) in control was 0.08 mg/ g 
which decreased to 0.043 at 1000 Gy.                                                                                                                             
                                                                                                                              
      These results are in agreement  with Papadopulou(7) , who determined the doses of radiation      
required to destroy certain species of insects attacking dried figs at their various stages of 
development and the physical  and chemical changes of the texture of dried figs caused by 
radiation. Pape(17) , revealed that the ionizing radiation destroyed insects infesting stored wheat 
and wheat products. Doses assayed were 50, 100, and 500 Gy, along with occasional super-
exposure dose as 6000 Gy. Chemical and physical analysis were performed immediately after 
irradiation and after varying intervals of time, during which the products were stored at room 
temperature. Lorez(18) , reported that the application of ionizing radiation as a food processing 
method is effective in controlling food losses due to insects and microorganism. Low doses of 
radiation are effective in controlling insects in all stages of development. Radiation, however, can 
affect the chemical composition and nutritional quality if applied in dosages above those needed 
for disinfestations of stored grains.                                                                                                                                                                  
 
 
 
 

13.79 16.16 12.29 14.07 Moisture    % 
     

2.45 2.21 2.09 2.07 Ash    % 
2.60 2.03 2.75 2.73 Fiber % 
3.8 3.3 4.1 4.3 Protein % 

68.0 70 72.0 73.9 Carbohydrates % 
    Minerals (mg/100g) 

11.59 6.05 7.28 10.53 Fe 
0.0 0.0 0.0 0.0 Cu 

0.13 0.0 0.0 0.15 Mn 
9.51 14.52 15.13 16.29 Ca 

132.38 125.27 90.69 107.8 Mg 
22.56 9.60 16.56 20.00 Na 
0.918 0.902 0.883 0.928 Zn 

2847.8 2127.13 902.15 881.22 K 
    Vitamins (mg/g) 

0.100 0.090 0.091 0.095 Thiamine (B1) 
1.22 1.10 1.42 1.48 Ribo Flavine (B2) 
3.94 3.90 4.00 4.09 Biotin  
0.050 0.060 0.060 0.066 Folic acid  
0.043 0.049 0.04 0.08 Niacin (B3) 



Table (3): Effect of gamma irradiation and storage for three months on nutritive 
value of dry dates.                                                                                                                 
                                                                                                               

Dose  (Gy)  
 
 

Parameter  of 
nutritive  value   

0 (control) 
 

150 (Gy) 400 (Gy) 1000(Gy) 

Moisture    % 12.91 11.94 12.04 12.72 
Ash    % 2.00 2.05 2.16 2.17 
Fiber % 2.74 2.66 2.48 2.07 
Protein % 4.1 3.8 3.1 3.6 
Carbohydrates % 73.75 70.45 68.25 67.5 
Minerals (mg/100g)     
Fe 2.14 2.00 1.04 1.5 
Cu 0.52 0.45 0.35 0.22 
Mn 0.44 0.38 0.31 0.39 
Ca 12.94 12.66 12.51 11.0 
Mg 143.69 120.28 129.88 131.34 
Na 29.63 7.42 3.99 12.03 
Zn 0.599 0.567 0.562 0.589 
K 843.06 999.95 2078.33 2589.13 
Vitamins (mg/g)     
Thiamine (B1) 0.106 0.090 0.089 0.082 
Ribo Flavine (B2) 1.32 1.12 1.00 1.04 
Biotin  4.11 3.94 3.84 3.82 
Folic acid  0.094 0.060 0.52 0.43 
Niacin (B3) 0.05 0.041 0.041 0.031 
        





      El-Sayed and Baeshin(19) , determined the feasibility of gamma irradiation for insect control in 
date fruits. The data obtained indicated that the dose of 250 Gy of gamma ray was effective in 
preventing the development of O. surinaminsis, E. cautella and  Batrachedra ammyraula and 
feeding damage in safawi and soukaria varieties of dates. This treatment produced no significant 
change in the nutritional qualities of fruits as indicated by carbohydrate, protein and amino acid 
determinations directly after irradiation as well as after  3, 6, 9 and 12  month  storage  periods as  
20–30 0C and  85-95% R.H. Khan et al.(13) , found that dry fruits such as apricots, dates, figs and 
raisins when irradiated with 0.25, 0.50 and 1.00 KGy, sugars were slightly during the entire 
storage. El-Nashaby et al.(20) , exposed corn starch infested with Tribolium confusum to different 
doses (250, 500, 1000 and 2000 Gy) of gamma rays. They found that increase in reducing value 
was proportional to increase in radiation dose. Irradiation is very effective in preventing insect 
development. 
 
      Diehl(21)  , studied the nutritional adequacy of irradiated foods that has been tested by 
chemical analysis. Protein quality was little affected, even by high doses of radiation, but some 
vitamins were partially destroyed by the treatment. The results led to the conclusion that the 
irradiation of any food commodity up to an overall average dose of 10 KGy presents no 
toxicological hazard. El-Nashaby(22) , studied the effect of gamma irradiation treatments (2.5, 5, 
10 KGy) on some chemical composition of the Egyptian wheat flour. He found that irradiation 
led to gradual increase in both water soluble protein and total sugars of treated samples by 
increasing dose. During storage at room temperature (25±5 0C) for 6 months, starch content 
markedly decreased while water soluble protein and total sugars increased for both unirradiated 
and irradiated samples. 
 
      Kaferstein(23)  , reported that the food irradiation technology itself is safe to such a degree as 
long as the qualities of food is retained and harmful microorganisms are destroyed. He also 
concluded that, the knowledge of what can the high dose effect chemically the irradiated foods. 
Which derives from over 50 years of research tells us one can go as high as 75 KGy, as has 
already been done in some countries, and the result is the same food is safe and wholesome and 
nutritionally adequate. Ahmed and Hassan(24) , explained the effect of gamma irradiation on larval 
growth rate and the development of the confused flour beetle. Sample of the diets were analyzed 
to determined protein %, carbohydrate %, moisture %, total fiber % and ash content %. Most 
minerals and vitamins were determined.       Abd El-Rehim et al.(25) , showed that high doses of 
gamma irradiation caused a decrease in soybean proteins. The change in protein after irradiation 
may be due to partial protein deamination. 
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