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ABSTRACT  
 

Dates are exposed to many insects pests in all fruit stages. Ephestia cautella is the major insect 
pest attacking dates at harvest time and during storage particularly Siwy and Frihy cultivars. The 
traditional way to combat this insect is to fumigate by phosphine and methyl bromid, which facing a 
phase-out worldwide. Five insecticides (Tracer, Radiant, Coragen, Pleo and Achook) from new 
groups were selected as safe alternatives to those harmful substances on human and environment 
against Ephestia cautella in storaged Siwy and Frihy dates. Three concentrations of each insecticide 
(single, half and double doses) were sprayed on clean and untreated fruits of each cultivar for storing. 
Then studied their insecticidal potency by carried out bioassay where treated dates were infested with 
E. cautella larvae, and the mortality percentages were recorded after 1, 3, 7 and 15 days after 
insecticides application. Also pupation and adult emergency percentages were recorded. Half doses 
did not appear to be effective in all insecticides tested on both cultivars. But the double doses 
achieved 100% mortality during larvae stage period whereas single doses were effective particularly 
in Radiant which was the most efficient even after using the lowest doses, while Tracer had the lowest 
influence on insects. In addition, some chemical constituents of the fruits of both cultivars were 
analyzed to verify the impact of tested insecticides at initial time and 28 days from application. These 
tests included total sugars, reducing and non-reducing sugars, moisture, total phenols content, tannins, 
acidity, fibers, and nitrogen. Obtained data exhibited no significant changes in the main chemical 
composition of the treated dates. Finally, the residual levels of tested insecticides in the fruit were 
studied after 28 days from application. The chronic exposure of studied pesticides was estimated and 
the calculated EDI was lower than ADI indicating no risk associated with the exposure via the 
consumption of treated dates after storage period. 
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Introduction 

 
Date palm (Phoenix dactylifera L.) is an economic crop in Egypt and many other countries all 

over the world with nourishing fruits. Egypt is the largest dates producer in the world (FAO, 2016). 
Nevertheless the exported amount of dates fruit is less than 3% (Worldatlas 2018) 

Although the high quality of the main exported cultivar Siwy in addition to some other 
cultivars. Main reason is the fruit infestation with pests, particularly Almond moth Ephestia cautella, 
which reduces the fruit quality. The damage caused by the larvae feeding on the fruits or by 
contaminating them with webbing and feces. It also infests flour, rice, maize, cereal grains, dried 
fruits such as fig, almond, raisins, dates, pears, ground nuts, walnuts, and confectionery items like 
biscuits and chocolates. (Girish, 2017). 

Keeping in view the infestation with E. cautella starts from the field with about 4% and this 
percentage increases after storing up to 35%. Controlling these pests during ripening stage or directly 
after harvesting could control the infestation in the store. The commonly used methods to control 
pests in dates are using fumigation with Aluminum phosphide, Eco-fume gas (non-flammable mixture 
of phosphine and carbon dioxide) before storing. In addition to methyl bromide is facing a phase-out 
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worldwide since 2015 under the terms of the Montréal Protocol (UNEP, 1998). But still is the most 
effective way for fumigating the dates illegally. Therefore finding alternatives became of highly 
concerned. Among these alternatives is using other new groups of insecticides with new mode of 
action and have low toxicity (Rat oral LD50 > 5000 mg/kg of body weight) and with lower adverse 
impact on the environment, such as Spinosyns, Anthranilic diamide, Pyridalyl and Azadirachtin were 
investigated. Insecticides were selected to represent a wide range of modes of action and chemical 
classes. Many researchers have applied these insecticides to control E. cautella or other storages 
products insects such Shehu et al. (2010) used Azadirachtin agaist E. cautella, Athanassiou et al. 
(2005)studied Azadirachtin on stored grains, Vassilakos et al. (2012) tested Spinetoram on stored 
grains, Almasi et al (2013) experimented Spinosad on wheat and stored peanuts, Kavallieratos et al. 
(2013) used Diamide, Chlorantraniliprole against  Ephestia on stored-product and   Abd El-Razik and 
Zayed, 2014 studied Pyridalyl on cowpea 

The current study was conducted to investigate the efficacy of five pesticides on E. cautella 
infested the date during storage including, Spinosad, Spinetoram, Chlorantraniliprole, Pyridalyl and 
Azadirachtin. The evaluation of insecticides was carried out in terms of efficacy and the levels of 
residues on the fruits to estimate the safety of product. The study also was developed to investigate 
the impact of treatments by these insecticides on some chemical composition analysis in two varieties 
of date fruits (Siwy and Frihy) as well as the impact on biological aspects of the insect. 
 
Materials and Methods 
 
The studied pesticides. 

Table 1: Insecticides used 

Common name Trade name Chemical Class Manufacturer 

Spinosad Tracer 24 % Spinosyn Dow AgroSciences - India 
Spinetoram Radiant 12% SC Spinosyn Dow AgroSciences - India 
Chlorantraniliprole Coragen 20% SC Anthranilic diamide Dupont - Canada 
Pyridalyl Pleo 50% Pyridalyl Sumitomo - Japan 
Azadirachtin Achook 0.15% Azadirachtin Godrej Agrovet Ltd - India 

 
Dates Treatment and Handling 
 

The experiment carried out on a couple of dates cultivars. These were the top commercial dates 
cultivar in Egypt, Siwy (semi-dry cultivar) and Frihy (dry cultivars) from Siwa oasis. The fruit 
samples were collected randomly from the field at the time of harvesting and before storage were 
treated with three doses of five insecticides. Insecticide treatments were prepared at a concentration 
equivalent to the labeled field application rate as follows in (Table 2). Then, sprayed at the rate 100 
ml insecticide solution/ 5 kg date fruits using small atomizer. Stock solutions of the pesticides and 
their dilutions for dates treatment were made in distilled water. For control samples, 100 ml distilled 
water/ 5kg date fruits was sprayed. 
 
Table 2: Different doses of the tested insecticides. 

Insecticides 
Half dose 

ml/ L 
Single dose* 

ml/ L 
Double dose 

ml/ L 
Spinosad (Tracer 24% SC) 0.1 0.2 0.4 
Spinetoram (Radiant 12% SC) 0.1 0.2 0.4 
Chlorantraniliprole (Coragen 20% SC) 0.15 0.3 0.6 
Pyridalyzl (Pleo 50% EC) 0.25 0.5 1 
Azadirachtin (Achook 0.15% EC) 2 4 8 
* Single dose was the recommended by ministry of agriculture for other crops. 
SC: Suspension concentrates    EC: emulsion concentrates  
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Artificial infestation by Insect: 
 

The mortality percentage by the studied insect was measured in a sample of selected dates 
which completely free of insects. The fruit samples of each cultivar were divided into various groups 
that were treated with the above mentioned concentrations of insecticides. The fruit samples were 
sprayed with the insecticide solutions and left to dry before storing them in paper bags. Each paper 
bag contained about 500 grams of treated dates. In addition to, 100 larvae have been added into each 
paper bag. Then stored at 26±2°C, 65±5% Relative Humidity, photoperiod of 15:9 hrs Light: Dark. 
The mortality percentages after 1, 3, 7 and 15 days were recorded. The alive larvae that have 
completed their growth for adult phase have also been recorded. 

 
Chemical analysis in date fruits  
 

The fruit samples in both date cultivars were sprayed with the insecticide solutions at the 
previous concentrations in Table 2 and left to dry. Then, the date fruits is taken randomly from each 
concentration at zero time (2h after application) and 28 days after treatment, and stored at –40º C until 
using for analysis. 

A homogenized fruit sample was used in a chemical analysis to determine the main fruit 
constituents such as total sugar content, reducing and non-reducing sugars, moisture, total phenols 
(%), tannins (mg/100g), acidity, fibers (%) and nitrogen content (%). This analysis has been carried 
out by a specialized lab. at Horticultures Institute (HRI). 

 
Reducing, non reducing and total soluble sugars:   

 
They were determined by the method described by Miller (1959). 
 

Moisture:  
 

Moisture content in gram (g) was determined by the methods of the A.O.A.C. (2000) using an 
air draft oven for most food items. 

 
Total phenols:  
 

The samples of fruits were extracted twice with 80% ethanol at 0 ºC each for 24 hours as 
described by Daniel and Marten (1972). Phenols were determined by using Folin and Ciocalatue 
method A.O.A.C. (2000) at 730 nm wave length. 

 
Tannins:  
 

Hydrolyzable tannins content was determined by the method of Willis and Allen (1998) with 
slight modifications by Cam and Hisil (2010). 
 
Total acidity:  
 

Total acidity was determined in fruit extract as percentage of anhydrous citric acid by titration 
known juice volume with standard sodium hydroxide solution using phenolphthaline 1% as indicator 
according to A.O.A.C. (2005). 

 
Fiber:  
 

Crud fiber were determined according to A.O.A.C. (2005). 
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Nitrogen content:  
 

0.5 gram of dried samples was digested using the H2SO4 and H2O2 as described by Cottenie 
(1980). The extracted samples were used to determine total nitrogen in the digested solution by the 
modified microkjeldahl method as described by Plummer (1971). 
 
Experimental and sampling of pesticides residue in the dates fruit 
 

The residue of insecticides was measured in the treated dates with the five tested insecticides. 
Whereas, pyridalyl and chlorantraniliprole residues were measured in both dates cultivars. The fruit 
samples were sprayed with the insecticide solutions at the previous concentrations in Table 2 then left 
to dry. After spray with the tested insecticides, samples of dates fruits is taken randomly from each 
replicate at intervals of zero time (2h after application),1, 3, ,7, 15 and 21 days, and stored at +4ºC 
until using for analysis. The analysis was carried out using GC-ECD.  However, the residues of 
Spinosad, Spinetoram and Azadirachtin were tested on Siwy date after 28 day treatment with single 
dose using LC-MS/MS. 

 
Pesticide residues analysis 
 

All reference materials are certified provided by Dr. Ehrenstorfer Gmbh, Gogginger Str. 78 D- 
8900 Augoburg .Individual stock solutions (100 µg / ml) for chlorantraniliprole and pyridalyl were 
prepared by dissolving standard pesticides in ethyl acetate.  

However, stock solutions (1000 ug mL−1) of each of Spinosad, Spinetoram and Azadirachtin 
were prepared by dissolving 0.10 g of each pesticide in 100 ml toluene. Working standard solution of 
the studied pesticides (2.50 ug ml−1, each) was prepared by diluting suitable aliquot of the stock 
solutions with toluene, and used to fortify dates samples. A set of calibration standard solutions 
10.00–500.00 ng ml−1was prepared in hexane/acetone (9:1 v/v) for LC-MS/MS determination. Stock 
standards and working solutions were stored at −20 ± 2°C and 4–8°C away from direct light, 
respectively. 

 
Apparatus and working condition: 
 

GC-ECD: Agilent 6800 gas chromatograph equipped with a Ni63 –electron capture detector. GC 
conditions; PAS- methyl silicone capillary column (30m length x 0.32 mm internal diameter (i.d), x 
0.25µm film thickness), carrier gas; N2 at the flow rate of 4 ml/min; injector and detector temperatures 
were 300oC and 320oC, respectively. The initial column temperature was initial oven temperature, 
220oC for 1 min., raised at 5oC/min. and then held at 260oC for 2 min. 

LC-MS/MS: Agilent 1200 series liquid chromatography system equipped with Applied Bio-
systems (API 4000 Qtrape) tandem mass spectrometers with electro spray ionization (ESI) interface. 
Separation was performed on a C18 column ZORBAX Eclipse XDBC18 4.6 mm x 150 mm, 5 μm 
particle size. The injection volume was 25 μl.A gradient elution program was at 0.3 ml/min flow rate, 
in which one reservoir contained 10 mM ammonium formate solution in MeOH:H2O (1:9, v/v) and 
the other contained methanol. The ESI source was used in the positive mode, and Nitrogen was used 
as nebulizer gas, curtain gas, heater gas and collision gas according to manufacturer’s settings; source 
temperature was 300ºC, ion spray potential 5500 V, decluster potential and collision energy were 
optimized using a harvard apparatus syringe pump. The Multiple Reactions Monitoring mode (MRM) 
was used in which one MRM was used for quantitation and other was used for confirmation. 

 
Determination and quality assurance 
 

The original quick, easy, cheap, effective, rugged, safe (QuEChERS) method (after 
modification) was used for the extraction and purification (Anastassiades et al., 2003). The extraction 
procedure is based on liquid–liquid partitioning with acetonitrile followed by a cleanup step with 
dispersive-SPE. The method allowed the determination of five tested pesticides in date samples using 
GC-ECD and LC-MS/MS. The average recoveries of these pesticides at different concentration levels 
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varied between 70-120 %.The reproducibility expressed as relative standard deviation was less than 
25%. The limit of quantitation was 0.01 mg/kg. The measurement uncertainty expressed as expanded 
uncertainty in terms of relative standard deviation (at 95 % confidence level) is lower than the default 
value set by the EU (+ 50 %). 
 
Results and Discussion       
 
Bioassay 
  

Data in Tables 3 and 4 showed the effects of three levels of five tested insecticides on E. 
cautella larvae after treatment of both cultivars date fruits. The mortality percentages were recorded 
after 1, 3, 7 and 15 days. Also, pupation and adult emerge percentages are recorded. It is observing 
that the increments in concentrations of all insecticides are accompanied by an increase in the 
percentages of larval mortality and decline in pupation and adult emergency percentages. As well, 
larval mortalities increased with the increase of the period of exposure. 

It is clear that the treatments by half doses lead to low efficiency even after 15 days from 
exposure especially in case of Tracer and Achook in both cultivars insecticides, whereas the mortality 
percentages were 52 and 68 % (Siwy cultivars) and 44 and 50 % (Frihy cultivars), respectively, and 
the larvae completed their development after that.   

Exposure larvae to double doses were sufficient to achieve complete mortality. Whereas 
recorded mortality value reached to 100% after one day only from feeding the larvae on treated Siwy 
dates by Tracer, Radiant and Achook insecticides. Whilst in case Pleo and Coragen, the mortality 
percentage was 100% after 3 and 7 days, respectively. While concerning treatment of Frihy dates with 
double doses of Tracer, Radiant, Coragen, Pleo and Achook, the mortality value reached to 100% 
after 7, 1, 3, 15 and 7 days, respectively. Consequently, neither pupae nor adults were obtained in both 
cultivars. These results are corresponded to Abdel-Hafez and Osman (2013) as well as Satio et al. 
(2005) who studied the effect of pyridalyl on Spodoptera they reported that pyridalyl caused 100% 
larval mortality at high concentration and no pupation and adult emergence was observed with the 
highest concentration. 

To a high extent, single doses of the five tested insecticides were effective at all exposure period 
and in both date cultivars. Complete mortality was attained for larvae exposed to Radiant after 7 days 
form treated Siwy dates and after 15 days in case of Frihy dates. It is noted that Tracer (spinosad) was 
less effective than Radiant (spinetoram), although the both are from the same class (spinosyn). The 
obtained results were paralleled with that obtained by Fang et al. (2002) who reported that mortality 
of O. surinamensis adults after 14 d of exposure to 1 ppm spinosad did not exceed 77%. As well 
Abouelghar et al. (2013) studied the effects of LC25 and LC50 of spinosad on development of S. 
littoralis, who found that pupation percentage was 54.7and 33.3% and adult emergency was 85.7 and 
81.2%, respectively. Also, Vassilakos et al. (2012) concluded that spinetoram is more effective than 
spinosad against some stored grain insect species such S. oryzae, R. dominica, S. granarius, and P. 
truncates. 

Also, it is obvious that the efficiency of single dose of two insecticides, Pleo and Achook were 
late. Although the larvae mortality percentages were relatively low 82 and 84%, respectively after 15 
days of feeding on treated Siwy dates, the adult emergency percentages proved the effectiveness of 
both insecticides that were 2 and 3%, respectively. Which mean that the potent effect was delayed 
compared to other insecticides. The same results were in case of Frihy dates, whereas the percentages 
of larvae mortality were inconsiderable (not effective) after 15 days of treatments by Pleo and Achook 
(80 and 76%, respectively), while the adult emergency percentages were valuable 2 and 3%, 
respectively. Similar results were obtained by El-Dewy, (2013) who found that pyridalyl showed 
latent effect at low concentration against S. littoralis larvae, it decreased pupation and adult 
emergence percentages. Also, Valizadeh et al. (2013) studied the effect of LC50 of Achook on 
mortality of Xanthogaleruca luteola, they found larvae were dead after seven days and the adult 
emergence did not occur. While Ahmed et al. (1999) observed the mortality of Tribolium castanium 
was 18, 30, 52, 66 and 86% at neem extract concentration of 649.35, 974.0, 1298.7, 1623.37 and 
1948.05μg /cm² respectively after 24 h. of treatment. 
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On the other hand, Coragen exhibited a close trend to Tracer as effectiveness in both cultivars. 
Similar result is observed by Kavallieratos et al. (2013) who demonstrated effect of 
chlorantraniliprole against Ephestia kuehniella, and noted that increase in dose due to slightly 
increased mortality. Even after 14 days of exposure, mortality was further increased but did not reach 
100%. Also Zhang et al. (2013) evaluated sublethal effects of chlorantraniliprole to Helicoverpa 
armigera larvae; they found that reduced pupation and adult emergence than control.  

Generally, the rise of the exposure time induced regular increase in larvae mortality 
percentages. Half doses did not appear to be effective in all insecticides used on both cultivars. In the 
contrary, 100% mortality was achieved after exposure to different periods of the double doses. Also, 
single doses were effective concentrations. Particularly, Radiant was the most efficiency even after 
used the lowest doses, while Tracer was the lowest influence on insects.  
 
Table 3: Effect of the five tested insecticides on the biotic potential of E. cautella after spraying the date palm 

fruit (Siwy cultivar) 

Chemicals Conc. 
% Larvae  Mortality % 

Pupation 
 

% Adult 
emergence 

 
1 day 3 days 7 days 15 days 

Control 10 12 16 16 84 81 

Tracer 
Half dose 28 30 42 52 48 39 
Single dose 74 74 78 90 10 6 
Double dose 100 -- -- -- -- -- 

Radiant 
Half dose 62 68 74 76 24 17 
Single dose 94 96 100 -- -- -- 
Double dose 100 -- -- -- -- -- 

Coragen 
Half dose 60 72 72 72 28 18 
Single dose 66 70 88 90 10 3 
Double dose 90 92 100 -- -- -- 

Peleo 
Half dose 58 64 68 70 30 26 
Single dose 60 69 78 82 18 2 
Double dose 94 100 -- -- -- -- 

Achook 
Half dose 50 52 64 68 32 18 
Single dose 58 64 75 84 16 3 
Double dose 100 -- -- -- -- -- 

 
Table 4: Effect of the five tested insecticides on the biotic potential of E. cautella after spraying the date palm 

fruit (Frihy cultivar) 

Chemicals Conc. 
% Larvae  Mortality % 

Pupation 
 

%  
Adult 

emergence 
1 day 3 days 7 days 15 days 

Control 2 10 10 14 86 85 

Tracer 
Half dose 24 32 44 44 56 35 
Single dose 66 70 79 86 14 8 
Double dose 88 96 100 -- -- -- 

Radiant 
Half dose 76 86 88 92 8 3 
Single dose 88 92 96 100 -- -- 
Double dose 100 -- -- -- -- -- 

Coragen 
Half dose 74 74 86 88 12 10 
Single dose 76 80 84 92 8 5 
Double dose 94 100 -- -- -- -- 

Peleo 
Half dose 38 42 64 74 26 16 
Single dose 56 50 72 80 20 2 
Double dose 86 86 92 100 -- -- 

Achook 
Half dose 26 26 42 50 50 22 
Single dose 36 40 66 76 24 4 
Double dose 96 96 100 -- -- -- 
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Chemical analysis: 
 

The essential chemical constituents of the both studied dates cultivars (Siwy and Frihy) were 
analyzed to investigate the impact of tested insecticides on consumption of such dates (Tables 5 and 
6). 

The presented results of Siwy cv. showed that the total sugars, reducing and non reducing 
sugars, moisture, total phenols content, acidity, fibers and nitrogen at initial time were within the 
ranges of 72.23-76.62,  31.24-35.93,  37.63-41.79,  19.92-21.32,  0.24-0.32,  0.13-0.19,  1.76-2.60 and 
2.08-2.69 %, respectively compared with control treatments 76.69, 30.52, 46.78, 20.76, 0.28, 0.15, 
2.35 and 2.38, respectively. But tannins ranged between 17.55-25.58 mg/100g compared to control 
17.57 mg/100 g (Table 5). 

In case of Frihy cv. Under the same conditions these constituents recorded values of 63.36-
67.32,    13.20-18.37,  45.22-53.53, 14.52-16.15, 0.23-0.27,  0.19-0.27,  2.65-3.07 and 2.44-2.87 % , 
respectively whereas the control records were 65.86, 14.95, 50.91,15.70, 0.23, 0.25, 3.12 and 2.94% 
and, respectively (Table 6), but tannins ranged between 21.86-27.81 mg/ 100 g compared to control 
23.99 mg/100g 

Overall, there were very slight differences between treatments and control in most estimates in 
each cultivar and at each period which ensures the dietary values of sprayed dates. No significant 
change in the date fruits dietary composition took place after 28 days of the treatments. It was noticed 
that the measured parameters after 28 days after treatments fluctuated in a range close to the 
treatments at initial time in both cultivars. However the following results and observations have been 
recorded:  

The most important carbohydrate components in date fruit are glucose, fructose (reducing 
sugar) and sucrose (non-reducing sugar). The total sugar can reach up to 70–80% (Ashraf and 
Hamidi-Esfahani 2011 and Vayalil et al. 2012). Variation in the total sugar concentration of date fruit 
can be attributed to differences in cultivar, harvest/postharvest factors and growing environment 
(temperature, humidity, fertiliser use, etc.) (Borchani et al. 2010 and Hasnaoui et al., 2011) 

There are opposite relation between reducing and non reducing sugars. The proportions of non-
reducing sugars were higher in Firhy which belong to dry dates than the Siwy as a semidry cultivar.  
These results are in agreement with Shaheen et al. (2007) 

After 28 days of storing the treated date fruits, these proportions of non-reducing sugars 
decreased which is mostly due to the effect of the invertase activity which hydrolyzing sucrose to 
glucose and fructose during storage (Ramadan et al., 2016 and Rastegar et al. 2012) 

In both cultivars, there were slight increase in total sugar concentrations and this is because of 
the loss of moisture content and simultaneously the decrease in the date fruit weight during storage 
(Al-shahib et al. 2003). As it was reported that dates loss enough moisture during maturation and 
storage to make the ratio of sugar to water high enough to prevent fermentation (Najeh et al. 1999). 
Also, Hui (2006) mentioned that low moisture and high sugar content of date fruit at the tamer stage 
enhanced storage stability. 

Date fruits are rich in phenolic compounds that have in vitro antioxidant and antimutagenic 
properties (Osman et al. 2014). Data showed that the total phenols content increased after storage in 
both cultivars without significant difference between control and treatments. Biglari et al. (2009) 
reported that antioxidant compounds of dates like phenolics were increased during storage 

It worth to mention that hydrolysable tannins posses potential impact against cancer disease 
through different mechanisms (Tanimura 2005).Although the tannins content in dates fruit is 
decreasing gradually by tamer stage (El-Agamy et al. 2001). It was noted in the current study that 
there was a fluctuation in the tannins content in both cultivars at the time of the experiment. But the 
content of tannins decreased after 28 days of storage. Looking at the metabolic relation between the 
levels of tannins and phenols, the increase in phenolic compounds during date fruit drying can be 
explained by the degradation of tannins by heat and enzymes which results in release of phenolics 
(Ashraf and Hamidi-Esfahani 2011).  

Regarding the crude fiber which is the insoluble part of date flesh and includes compounds 
such as cellulose, hemicellulose, lignin, lignocellulose, and insoluble proteins (Biglari et al. 2009). 
Data exhibited a decrease crude fiber percentage in most treatments than control. Also, the crude fiber 
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percentage declined after 28 days of storage. Similar results were found by Ramadan et al., (2016) 
who stated that the dates fiber content decreased during storage after 12 months at room temperature. 

Fruit acidity is an important component of fruit quality and is mainly due to the presence of 
malic and citric acids, the main organic acids found in most ripe fruits (Etienne et al. 2013). There 
was no actual variation of total acidity between control and most treatments in both cultivars. 
However acidity increased significantly after storage for 28 days particularly in Siwy cv., but in Frihy 
cv. a very slight increment occurred. These results are in harmony with Ramadan et al., (2016) who 
recorded that the acidity increased during the storage period. 

There was no change has been noticed in the levels of nitrogen in both cultivars neither after 
treated with insecticides nor after 28 days of storage. Borchani et al. (2010) assured this result as no 
significant differences in protein content of other dates cultivars. 

From above discussed results it can be concluded that treatments with studied insecticides did 
not cause significant changes in the main chemical composition of the treated dates. Chemical 
intervention with such selected insecticides can significantly help to reduce the infestation with 
Ephestia cautella before and during storage without fear on nutrient composition of dates fruit.  
 
Table 5: Chemical constituents of date fruit of the Siwy cultivars after treated with single dose of tested 

insecticides. 

Insecticides 
Name 

Time after 
Application 

Total 
sugarsz 

(%) 

Reducing 
sugarsy 

(%) 

Non-
reducing 
sugarsx 

(%) 

Moisture 
(%) 

Total 
phenols 
content 

(%) 

Tannins 
mg/100g 

Acidity 
(%) 

Fibers 
(%) 

Nitrogen 
(%) 

Control 

In
it

ia
l 

ti
m

e 

76.69 30.52 46.78 20.76 0.28 17.57 0.15 2.35 2.38 
Coragen 72.23 31.24 40.01 20.54 0.27 20.32 0.16 1.78 2.69 
Pyridalyl 73.08 34.13 39.18 21.32 0.26 17.55 0.15 1.76 2.08 

Tracer 73.53 32.49 41.58 20.06 0.32 25.58 0.13 2.05 2.50 
Radiant 76.62 35.90 41.79 19.92 0.24 18.24 0.17 2.60 2.55 
Achook 74.12 35.93 37.63 21.12 0.27 18.59 0.19 2.56 2.32 

 
Control 

28
 D

ay
s 

76.79 41.04 36.04 20.71 0.37 12.99 0.23 1.37 2.53 
Coragen 76.16 44.39 32.74 19.85 0.35 16.53 0.23 1.24 2.54 
Pyridalyl 76.80 44.37 32.85 19.95 0.38 15.29 0.19 1.32 2.42 

Tracer 76.83 41.36 34.42 18.45 0.39 16.25 0.24 1.67 2.49 
Radiant 76.75 43.52 32.30 19.67 0.36 14.79 0.26 2.41 2.48 
Achook 73.21 39.58 32.37 20.17 0.37 15.98 0.24 2.16 2.03 

 
Table 6: Chemical constituents of date fruit of the Frihy cultivar after treated with single dose of tested 

insecticides. 

Insecticides 
Name 

Time after 
Application 

Total 
sugarsz 

(%) 

Reducing 
sugarsy 

(%) 

Non-
reducing 
sugarsx 

(%) 

Moisture 
(%) 

Total 
phenols 
content 

(%) 

Tannins 
mg/100g 

Acidity 
(%) 

Fibers 
(%) 

Nitrogen 
(%) 

Control 

In
it

ia
l 

ti
m

e 

65.86 14.95 50.91 15.70 0.23 23.99 0.25 3.12 2.94 
Coragen 66.90 13.38 53.53 15.39 0.26 27.46 0.19 2.87 2.7 
Pyridalyl 63.48 18.26 45.22 15.90 0.27 27.81 0.25 3.07 2.64 

Tracer 67.32 18.37 48.95 14.76 0.23 21.86 0.26 2.88 2.87 
Radiant 65.09 13.85 51.24 14.52 0.23 26.48 0.27 2.65 2.44 
Achook 63.36 13.20 50.17 16.15 0.24 27.55 0.24 2.93 2.68 

 
Control 

28
 D

ay
s 

66.84 20.56 46.28 15.56 0.35 18.09 0.28 2.56 2.56 
Coragen 68.10 15.61 52.5 15.35 0.36 14.71 0.24 2.33 2.58 
Pyridalyl 65.65 19.58 46.07 15.36 0.35 19.09 0.28 2.60 2.86 

Tracer 67.81 17.88 49.93 15.10 0.33 16.45 0.25 1.89 2.36 
Radiant 66.49 18.24 48.25 14.56 0.35 18.11 0.27 1.52 2.65 
Achook 68.35 19.48 48.86 15.91 0.34 17.68 0.28 2.12 2.81 
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Residues study  
 

The obtained data of residues of chlorantraniprole and pyridalyl detected in both dates cultivars 
(Siwy and Frihy) using half, single and double doses treatment is illustrated in the Table (7). No 
significant difference between both cultivars of dates within the same pesticide concerning the 
dissipations rate during the studied intervals. However the residues of chlorantraniliprole were 
dissipated almost completely after 21 day for both cultivars of dates (94%-100% dissipation rates) 
using the three doses treatment (half, single and double doses). While slightly different results were 
obtained for pyridalyl, whereas, 94.4, 86.7, 91.9% and 92.5, 92.5, 90.7% were the percentages of 
dissipation after 21 days in both date types, respectively. The treatment using both pesticide achieved 
good efficacy with  highest decline percentage after 21 days, indicating the possibility of using these 
rates of chlorantraniliprole (Coragen 20% SC) and pyridalyl (Pleo 50%) in storage and consumption 
of dates after this period safely. 

 
Table 7:  Residue levels and dissipation % of chlorantraniprole and pyridalyl in and on Siwy and Frihy date. 

After treatment with half, single and double doses at different times using GC-ECD. 

Siwy date Doses  Units Zero time 1 3 7 15 21 

Chlorantraniprole 

Half 
R mg/kg 0.23 0.16 0.15 0.12 ND ND 

Disp.  % 0.0 30.4 34.8 47.8 100 100 

Single 
R mg/kg 0.4 0.25 0.15 0.14 0.10 ND 

Disp.  % 0.0 41.9 65.2 67.4 76.7 100 

Double 
R mg/kg 1.03 0.24 0.16 0.13 0.08 0.03 

Disp.  % 0.0 76.7 84.5 87.4 92.1 97.1 

Pyridalyl 

Half 
R mg/kg 0.45 0.43 0.19 0.11 0.05 0.025 

Disp.  % 0.0 4.4 57.8 75.6 88.9 94.4 

Single 
R mg/kg 0.60 0.45 0.42 0.27 0.16 0.08 

Disp.  % 0.0 25 30 55 73.3 86.7 

Double 
R mg/kg 0.2 1.0 0.7 0.3 0.2 0.18 

Disp.  % 0.0 54.5 70.3 85.6 89.2 91.9 

Frihy date Doses  Units Zero time 1 3 7 15 21 

Chlorantraniprole 

Half 
R mg/kg 0.27 0.25 0.12 ND ND ND 

Disp.  % 0.0 7.4 55.6 100 100 100 

Single 
R mg/kg 0.42 0.35 0.29 0.21 0.1 0.025 

Disp.  % 0.0 16.7 31.0 50.0 69.1 94.0 

Double 
R mg/kg 0.40 0.68 0.37 0.24 0.18 0.08 

Disp.  % 0.0 51.4 73.6 82.9 87.1 94.3 

Pyridalyl 

Half 
R mg/kg 0.93 0.92 0.51 0.38 0.24 0.07 

Disp.  % 0.0 1.1 4.2 59.1 74.2 92.5 

Single 
R mg/kg 1.47 0.35 0.78 0.49 0.17 0.11 

Disp.  % 0.0 8.2 46.9 66.7 88.4 92.5 

Double 
R mg/kg 4.63 2.94 2.04 1.14 0.72 0.43 

Disp.  % 0.0 36.5 55.9 75.4 84.4 90.7 
ND: not detected        R: residues         Disp.: dissipation  

 
The residues spinosad, spinetoram and azadirachtin were estimated after 28 days treatment on 

Siwy date, the obtained data was illustrated in Table (8). The single dose was selected for this study as 
it achieved the highest efficacy. 

Data in Table (8) exhibited that residues level of spinosad and spinetoram were 0.19 and 0.24 
mg/kg after 28 days of treatment, respectively. While residues level of azadirachtin was less than 
LOQ (LOQ=0.01 mg/kg). 

Azab (2017) assumed that spinetoram and spinosad do not remain stable and slow degradation 
of the toxicants does occur during the storage period.  And also Daglish and Nayak, (2006) had the 
same view. 
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Table 8: Residue levels of Spinosad, Spinetoram, Azdirachtine on Siwy date after 28 days treatment with single 
dose using LC-MS/MS 

Pesticide  Residue mg/kg 
Spinosad 0.19 
Spinetoram 0.24 
Azadirachtin <LOQ 
LOQ= limit of quantitation of 0.01 mg/kg 

Risk assessment estimation: 
 

However, No MRL’s for the studied pesticides established by codex Alimentarious on date or 
any other similar commodities to compare with it. Therefore the exposure was estimated to measure 
the possible risk as a result of the consumption of dates containing the highest detected levels of 
residues, by comparing the obtained residues with the established toxicological end points such as 
acceptable daily intake (ADI) or acute reference dose (ARfD).  

The results of intake of the five insecticides compared with acceptable daily intake (ADI) of 
each compound were illustrated in Table (9). The highest values of residues i.e. after 21 days for 
chlorantraniprole and pyridalyl and after 28 days for spinosad, spinetoram, and azadirachtin 
insecticides were selected for single or double dose as worst scenario.  

The chronic exposure of pesticide residues in date samples has been evaluated by calculating 
the estimated daily intake (EDI) based on the results obtained and the consumption data set by 
GEMS/food balance sheet. The obtained value compared with ADI (acceptable daily intake) set by 
FAO/WHO. The ADI of a chemical is the estimate of the amount of a substance in food or drinking-
water, expressed on a body-weight basis that can be ingested daily over a lifetime without appreciable 
health risk to the consumer on the basis of all the known facts at the time of the evaluation 
(FAO/WHO; 1997). It is expressed in milligrams of the chemical per kilogram of body weight. The 
consumption of 31.5 g/day (0.0315 kg/day) based on GEMS/FOOD; 60 kg body weight is used for 
calculation. The exposure of intake was calculated as follow:     

EDI estimated daily intake =residue level of food commodity (mg/kg) x food consumption 
(kg/person/day) / body weight, 

The percentage of EDI from ADI is obtained by dividing EDI by their corresponding values of 
WHO/FAO acceptable daily intakes, ADI (FAO/WHO). In order to compare these with the ADI, the 
total intake figures are divided by an assumed body weight of 60 kg, WHO (1997). The percentage of 
EDI to ADI was ranged of 0.003-0.75% indicating that no potential health adverse effect associated 
with consumption of date contains the detected levels of studied pesticide residues after storage. 

 
Table 9:  Risk exposure of pesticide residues applied on date during storage   

Pesticide  
Residue 
mg/kg 

ADI 
mg/kg bw day 

% ADI 

Spinosad 0.19 
0.02 

JMPR 
0.49 

Spinetoram 0.24 
0.025 

EFSA  2013 
0.5 

Chlorantraniliprole 0.08* 
1.56 

EFSA  2013 
0.003 

Pyridalyl 0.43* 
0.03 

EFSA  2013 
0.75 

- ADI, Acceptable daily intake EFSA, European food safety authority JMPR, Toint FAO/WHO meeting on pesticides 
residue. 

* The result of double dose  

 
Conclusion 
 

In the present study five insecticides (Tracer, Radiant, Coragen, Pleo and Achook) from new 
groups were selected against Ephestia cautella in storage two cultivars of date (Siwy and Frihy). The 
five tested insecticides were effective based on the dosage of treatments in both date cultivars. Also 
studied insecticides did not cause significant changes in the main chemical composition of the treated 
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dates. Therefore, the selected insecticides can significantly help to reduce the infestation with E. 
cautella before and during storage without fear on nutrient composition of date’s fruit. The percentage 
of EDI to ADI of residues was calculated and found to be between 0.003-0.75% indicating that no 
potential health adverse effect associated with consumption of date contains the detected levels of 
studied pesticide residues after storage. Hence the use of tested insecticides could be suggested safely 
as long as stored date protection more than 28 days. 
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