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ABSTRACT 
 

The present study gives insight into the behavior of the insecticide spinetoram in greenhouse 
production of pepper and cabbage. QuEChERs method and LC-MS/MS were used to trace the recovery 
and the residue of Spinetoram which applied on the pepper and cabbage. The experiment was carried 
out at Menoufia province, Egypt in August 2016. Samples were collected at zero time (one hour after 
application), 1, 3, 7, 10 and 14 days after the treatment. Degradation of spinetoram in pepper and 
cabbage was evaluated after fourteen-days, starting from the moment of insecticide application. The 
results of a field trial showed that spinetoram dissipated rapidly from 0.62 to 0.36 mg/kg with a loss 
percentage 41.9% in the first day after application in pepper while in cabbage spinetoram dissipated 
from 0.33 to 0.12 mg/kg with a loss percentage 63.6% in the first day after application, which was 
below the MRL of EU regulation (0.5 mg/kg) for pepper and the MRL of codex 0.3 mg/kg for cabbage. 
The pesticide (spinetoram) disappeared after seven days for cabbage and ten days for pepper . Half-life 
(t½) were 1.95 and 1.29 for pepper and cabbage respectively while   preharvest interval (PHI) was one 
day for both. 
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Introduction  
 

Pesticides play a vital role and continue to use in the production of food especially in 
developing countries. Drastic reduction of pesticide usage would increase the production cost 
and lower quality of agricultural productivity (Malhat and Hassan 2011). However, the 
indiscriminate use of pesticides has resulted in undesirable side effects on environmental 
quality and human heals. The adverse effects on human health include: acute neurologic 
toxicity, chronic neurodevelopment impairment, possible dysfunction of the immune, 
reproductive, and endocrine systems, and cancer (Rahman et al. 2013; Malhat et al. 2013). 
Consequently, analyses of residual quantities of pesticides in raw agricultural crops are one of 
the principal preventive measures employed to ensure public health and safety (Malhat and 
Hassan, 2011). Once a pesticide has been introduced into the environment, its chemical and 
physical properties determine its fate, transport, and persistence. Each pesticide has its own 
unique set of properties. The degradation rate of a pesticide depends on pesticide chemistry as 
well as environmental factors such as temperature, rainfall, and soil pH.  Spinetoram is a new 
chemical in the spinosyn class of insecticides. It is a semi-synthetic spinosyn discovered in 
modification studies of fermenting substances of Saccharopolyspora spinosa by Dow Agro 
Sciences LLC. Spinetoram has good insecticidal properties such as broad insecticidal spectrum, 
rapid action and short preharvest interval. Analysis of spinetoram in different food matrices 
was reported by LCMS/MMS (Kamel et al., 2010) and HPLC-DAD (Liu et al., 2010). 
Spinetoram (DIANA®) has preferable properties such as a broad insecticidal spectrum and 
excellent insecticide activity against insect pests which are resistant to various existing 
insecticides. However, there are many cases of emergence of resistant insect pests against 
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various insecticides due to long-term use or continuous application of insecticides for crop 
protection. In order to suppress such resistance development, it is generally recommended to implement 
rotation programs which include some insecticides with different modes of action. Therefore, plant 
protection associations and agricultural research institutes in many districts have proposed “rotation 
application,” referring to the mode of action classification by the Insecticide Resistance Action 
Committee (IRAC). Pepper fruits (Capsicum spp.) represent an important part of the fresh vegetable 
market in Egypt, with significant worldwide in the segment of condiments, spices and salt preserves. 
The genus Capsicum has 5 domesticated, 10 semi domesticated and 20 wild taxa (Andrews 1984, 
McLeod et al., 1982; Pickersgill, 1991). Cabbage (Brassica oleracea L. var. capitata) is an excellent 
source of calcium, potassium, and vitamin C. It is also an important source of antioxidants since it is 
rich in certain substances with high antioxidant capacity such as vitamin C (ascorbic acid), carotenoids 
and polyphenols (Leja et al. 2007).      

 
Materials and Methods 

 
Pesticide used 
 
Common name: Spinetoram 
Chemical name: mixture of XDE-175-J and XDE-175-L 
Chemical structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chemicals  

 

Certified reference standard of spinetoram (purity ≥ 98 %) was supplied by Dow Agro Sciences. 
All solvent used for residue analysis were obtained from Scharlau (Barcelona, Spain). Primary 
secondary amine (PSA, 40 μm, Bondesil), and graphitized carbon black (GCB) were procured from 
United Chemical Technology (Bristol, PA, USA). Anhydrous sodium sulfate (analytical reagent grade) 
was purchased from Merck (Germany) and activated by heating at 130 °C for 12h and kept in 
desiccators. Sodium chloride and triethyl amine (TEA) were analytical grade and was purchased from 
El-Naser Pharmaceutical Chemical Com., (Cairo, Egypt). 
 

Standard Solution  

 

Standard stock solution of 100 mg/L spinetoram was prepared in acetonitrile and stored in dark 
vials at -20 °C. A working standard solution of 10 mg/L was prepared by appropriate dilution of the 
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stock solution, from which the calibration standards (0.05-1.0 μg/mL) were prepared by serial dilution 
with acetonitrile. A matrix-matched standard calibration was obtained by mixing working standard 
solutions with blank pepper.  
 

Field experiment design 

 

The dissipation study was conducted in a randomized block design in open field, which was 
previously investigated to be free of the pesticide. The supervised field trial was carried out in 
experimental field in Menouf province, Egypt. Field trial was conducted in four separate plots 
measuring 40 m2 each three plots were used for insecticide treatment and the other plot was used as 
control (blank sample). None of the plots had been treated with spinotram in the past.  
To investigate the dissipation of spinotram in pepper and cabbage, plant was sprayed with commercial 
formulation Radiant 12 % SC was used. Three randomized plots were treated on 20 August 2016 by 
spinetoram at the maximum dose recommended by the manufacturers (100 cm3/faddan for pepper, 25 
cm3/faddan for cabbage) with one time spray. The control plots were left untreated. Sampling was 
performed by randomly collecting from the field of the experimental plots according to the FAO / WHO 
(1986) recommendation. 

For residue analysis pepper and cabbage samples were collected at random from sampling plots at 
0 (one hour after spraying), 1, 3, 7, 10 and 14 days after the treatment. Immediately after picking, the 
samples were put into polyethylene bags and transported to the laboratory, they were chopped and 
thoroughly mixed. The sample was kept in deep-frozen (- 20 °C) until analysis. Control samples were 
obtained from the control plot. 

 
Pesticide Residues Analysis: 
 

The standard method European Committee for Standardization/Technical Committee 275 (2007) 
for foods of plant origin: prEN 15662 (QuEChERS) was followed. 

The determination of residues carried out using LC-MS/MS after acetonitrile 
extraction/partitioning and cleanup by dispersive SPE.  

The homogeneous sample is extracted in frozen conditions with the help of acetonitrile. Samples 
with low water content (< 80%) require the addition of water before the initial extraction to get a total 
of approximately 10g of water. After addition of magnesium sulfate, sodium chloride and buffering 
citrate salts (pH 5 to 5.5); the mixture was shaken intensively and centrifuged for phase separation. An 
aliquot of the organic phase is cleaned-up by dispersive solid phase extraction (D-SPE) employing bulk 
sorbent as well as magnesium sulfate for the removal of residual water. Following cleanup with amino-
sorbents (e.g. primary secondary amine sorbent, PSA) extracts was acidified by adding a small amount 
of formic acid, to improve the storage stability of certain base-sensitive pesticides. The final extract can 
be directly employed for LC-based determinative analysis. The detection and confirmation of 
spinetoram residue in the samples was used by LC-MS/MS.     
  
Apparatus: 
 
LC-MS/MS System 

Agilent 1200 series liquid chromatography system equipped with Applied Biosystems (API 
4000 Qtrape) tandem mass spectrometers with electrospray ionization (ESI) interface. Separation was 
performed on a C18 column ZORBAX Eclipse XDB C18 4.6 mm x 150 mm, 5 μm particle sizes. 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 
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Harvard apparatus syringe pump. The Multiple Reaction Monitoring Mode (MRM) was used in which 
one MRM was used for quantification and other was used for confirmation. 
 
Calculation of half -life periods:  

 

The half-life time (t½) of spinetoram was calculated mathematically according to Moye et al. 
(1987). The degradation kinetics of the spinetoram residue were determined by comparing residue 
concentration against elapsed time after application and equation of best curve fit with maximum 
coefficients of determination (R²) was determined. For dissipation of targeted insecticide in pepper 
fruits and cabbage, exponential relationship was found to be applicable corresponding to the general 
first - order kinetics equation.(Ct = Co) where, Ct = represents the concentration of the pesticide residue 
at the time of t, Co represent the initial deposits after application and k is the degradation rate constant 
in days-¹. The half-life (t½) is recognized as the time required for the pesticide residue level to fall to 
half of the initial residue level after application and was calculated from the k value of each experiment, 
t½ = ln 2/k.  
 

Results and Discussion 

 

The dissipation behavior of spinetoram insecticide in pepper and cabbage under Egyptian climatic 
conditions has not previously explored systematically. To ensure the safe use of this insecticide, it is 
necessary to determine their preharvest intervals (PHI), i.e. the time period (in days) required for 
dissipation of the initial residue levels to below their corresponding maximum residue limits (MRL) 
(Malhate 2013). Pesticide residues in food stuff are one of the most limiting factors affect the trade and 
export of all edible products. The objective of the present investigation was monitoring the residues of 
spinetoram in pepper fruits through a period of time, and predicting their PHI (Pre Harvest Interval). 
For the preparation of calibration curves, spinetoram standard was either diluted with pure acetonitrile 
or with blank matrix extracts in series (three calibration point ) from 0.1 to 1 µg ml-¹ (Soliman, 2015 ). 

  
Table 1: Recoveries of spinetoram from pepper and cabbage at three  fortification levels. 

Pepper Cabbage 
ppm ppm 

0.05 0.1 0.5 0.05 0.1 0.5 
85 89 95 82 90 98 

 
As it is clear from the table 1 the recoveries ranged from 85 to 95% for pepper and 82 to 98% for 
cabbage which was a clear validation of the procedure for extraction and analysis spinetoram residues 
from pepper  and cabbage samples. The limit of quantification for spinetoram was 0.05 mg/kg.  
 
Dissipation pattern of spinetoram residues in pepper and cabbage 
 

The degradation of spinetoram in pepper fruits and cabbage under new valley, Egypt climatic 
conditions has not previously explored systematically. The dissipation trends of spinetoram in pepper 
fruit and cabbage were shown in Table 2,3 and Fig 1,2. The pepper treatment was 0.620 mg/kg and 0.33 
mg/kg for cabbage. Then the residues amount in pepper and cabbage decreased to 0.36 mg/kg and 0.12 
mg/kg respectively within the first 24 h after application with dissipation 42% and 64%. Following that 
period, spinetoram residues in/on pepper fruit decreased to 0.10 and 0.05 mg/kg, at 3, and 7 days after 
treatment, respectively and spinetoram residues in/on cabbage decreased to 0.06 and not detected, at 3, 
and 7 days after treatment, respectively. 

Samples taken 10 and 14 days after treatment contained no detectable amount of spinetoram in 
pepper fruit and cabbage. The half-life of spinetoram calculated in pepper fruit treated at recommended 
dose was 1.95 day and in cabbage treated at recommended dose was 1.29 day (Malhate 2013). 
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Table 2: Degradation of spinotram residues in pepper fruits 

Interval/days 
Spinetoram 

(mg/kg) 

Loss 

(%) 

Persistence 

(%) 

initial 0.62 0.0 100.00 

1 0.36 41.9 48.10 

3 0.10 83.8 16.20 

7 0.05 92.00 8.00 

10 ND 100 0 

14 ND 100 0 

t (1/2) (days) 1.95   

MRL mg/kg (EU) 0.5   

ND : Not Detectable 

 

 
Fig. 1: Decline pattern of spinetoram in pepper 

   
Table 3: Degradation of spinetoram residues in cabbage 

Interval/days 
Spinetoram 

(mg/kg) 
Loss 
(%) 

Persistence 
(%) 

initial 0.33 0.0 100.00 
1 0.12 63.6 36.40 
3 0.06 81.8 18.20 
7 ND 100 0 
10 ND 100 0 
14 ND 100 0 

t (1/2) (days) 1.29   
MRL mg/kg (Codex) 0.3   

ND : Not Detectable 

 

Codex has established maximum residue limit for spinetoram in cabbage (0.3 mg/kg) while it has 
not maximum residue limits (MRLs) for spinetoram, European Union MRL for spinetoram in pepper 
is 0.5 mg/kg. It can be concluded that the pre-harvest interval (PHI) of spinetoram on pepper and 
cabbage was one day after the last treatment, In contrary the pre-harvest interval data of spinetoram 
showed by Malhat, (2013) was 10 days on tomato fruits between the last application of the formulation. 
The degradation of the pesticide residues in /on crops depend on various factors, including 
environmental condition,  chemical formulation, type of application, plant varieties, the interval 
between applications, the relation between the treated surface and its weight and state of the plant and 
also the harvest time (Gennari et al. 1985; Cabras et al., 1989 and1990; and Khay et al., 2008). 
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The data of spinetoram residues and the dissipation pattern in pepper and cabbage are shown in Fig. 1 
and 2. The degradation process of the spinetoram in pepper and cabbage follow the first-order kinetics 
reactions. The degradation rate constant and half-life were calculated using first-order rate equation: 
Ct = C0e-kt, where Ct represents the concentration of the pesticide residue at the time of t, C0 represents 
the initial deposits after application and k is the degradation rate constant in days-1. The half-life (t1/2) 
is defined as the time required for the pesticide residue level to fall to half of the initial residue level 
after application and was calculated from the k value for each  experiment, being t1/2 = ln 2/k. As 
evident from the figure, the dissipation of spinetoram residues followed first order kinetics thereby 
showing varying degradation throughout the one day periods with half-life of 1.95 days for pepper and 
1.29 days for cabbage.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Decline pattern of spinetoram in cabbage 

 
Recommendation 
 

Using QuECGERS method is a very simple Cheap and effective method for most different types 
of pesticides.  

The safety period for the harvesting of pepper fruits and cabbage in Egypt should not before one 
day after treatment on and in pepper fruits and cabbage by spinetoram. 
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	Agilent 1200 series liquid chromatography system equipped with Applied Biosystems (API 4000 Qtrape) tandem mass spectrometers with electrospray ionization (ESI) interface. Separation was performed on a C18 column ZORBAX Eclipse XDB C18 4.6 mm x 150 mm, 5 μm particle sizes. 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 Reaction Monitoring Mode (MRM) was used in which one MRM was used for quantification and other was used for confirmation.



