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ABSTRACT 

 

This research was performed to throw the light on the impact of the household preparation treatments, 

cooking and processing on the removal of tested carbamate pesticides; aldicarb, pirimicarb, methomyl, carbaryl   

and mancozeb, residue in eggplant and tomato fruits individually. Whereas, the tested former pesticides
,
 

residues were determined quantitatively by using gas liquid chromatography (GLC) equipped with capillary 

columns and nitrogen phosphorus detector (NPD). In the present study, triplicate samples of treated and 

untreated eggplant and tomato fruits were randomly picked up. The treated samples were separately collected 

after 24 hrs of the field carbamate pesticides application. The obtained results showed that washing treatments 

with tap water and detergent solutions caused marked elimination (16.01-49.54%) of tested carbamate 

pesticides
,
 residues in eggplant and tomato fruits; especially with soaking in 5% acetic acid solution for 2 

minutes. In addition, peeling treatments led to decrease the tested carbamate pesticides
,
 residues in chosen 

vegetables by 29.57-52.87% from the pesticide residue of washed vegetables affecting by the peeling method, 

vegetable variety and the nature, and chemical structure of tested pesticide. The obtained results also revealed 

that tomato juicing process caused the reduction of aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb 

residues by 33.12, 35.83, 31.44, 41.67 and 39.76%; respectively. The concentration process of tomato pulp; 

tomato paste technology, showed a high efficient in the elimination and disappearance of all tested carbamate 

pesticides. In addition that deep-fat frying and stewing processes were more effective than grilling and 

microwaving procedures on the removal of tested carbamate pesticides
,
 residues in selected vegetables. 

Furthermore, the methomyl pesticide was the most persistence tested carbamate pesticides throughout thermal 

processing and cooking. Therefore, the present investigation results recommended that the tested preparation 

treatments should be performed carefully for vegetables prior to the fresh consumption, cooking and processing 

to avoid the deleterious effects of pesticides on consumer health.  

 

Key words: Vegetables, Carbamate pesticides, Cooking, Processing, Preparation treatments, Pesticides removal, 

Washing treatments, Peeling operation, Juice concentration. 

 

Introduction 

 

Vegetables are important foods and highly beneficial for health. They contain valuable food ingredients, 

which can be successfully utilized to build up and repair the body. However, several factors limit their 

productivity, mainly insect, pests, and diseases. So, pesticides used in agriculture are necessary in the production 

of food. Indeed, they are widely used to control crop pests (Kumari et al., 2008 and Gehad et al., 2012). 

The environmental pollution is one of the most serious problems that faces mankind in this century. There 

are many types of pollutants that interfere directly and indirectly with our-life. Furthermore, potential future 

hazards to human health and wildlife can be created by residues from some long-lived pesticides that may build 

up in the food chain and cause widespread contamination of the environment (El-Sebae, 1993 and Zaahkouk et 

al., 2000). There has been growing concern aboutthe indiscriminate and excessive use of pesticides, and about 

the consequent environmental pollution and its adverse effects on human health. In recent years, the hazards of 

using these chemicals have been accentuated by the sharp rise in their use in agriculture and industry and by 

house holders and governments (Hagar and Fahmy, 2002; Heudorf et al., 2006 and Sayim, 2007). 

In many developing countries, the pesticides use is not being properly regulated leading to residues in food 

and food commodities which poses health hazards to the consumers. The treated fruits and vegetables are 

picked/harvested without taking into consideration the withholding periods. Pesticide residues above the 

tolerance limits (MRL) in the crops at harvest are a cause of great concern. These residues make food 

commodities hazardous for human consumption as well as pollute the environment (FAO/WHO., 1989). There 

are high residue levels due to the intensive use of systemic pesticides. Most farmers do not follow the 

instructions that come with the pesticides. Sometimes they use excessively high rates of application, which 

increases the residue level. In addition, farmers sometimes do not observe the required safety periods (Fahmy, 

2013).                                                                                                                  
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Carbamate pesticides are being increasingly used in crop protection over the last three decades, mainly 

because of their broad spectrum of activity high pesticide efficiency and relatively lower environmental half life. 

However their use in vegetables, fruits and cereal crop protection poses serious risk to humans, as they are often 

used near the maturing stages of the crops (Liu et al., 2005; Keikotlhaile, 2009 and Chowdhury et al., 2012).  

Some of these pesticides are regarded as systemic when they penetrate into the treated plants through the 

vascular system or leaf cuticle and kills piercing and sucking pest insects and pests which feed on sap or cell 

content.  Aldicarb, pirimicarb, methomyl, carbaryl and mancozeb are the widely used systemic carbamates 

group pesticides in agriculture applications against a wide range of insects, mites and fungal diseases of fruits, 

vegetables, or namental plants and field crops as both systemic and contact pesticides and are also used indoor 

to control houseflies (El-Saeid, 2003 and Randhawa et al., 2007). Indiscriminate use of pesticides particularly at 

fruiting stage and adoption of safe waiting period leads to accumulation of pesticide residues in consumable 

vegetables higher than accepted maximum residue limits (MRLs) (Madan et al., 1996; Abou-Arab 1999 and 

Kumari et al., 2002). 

Consumers are constantly exposed to reports in the media concerning pesticide residues in food and, not 

surprisingly, this food safety issue has become of their main concerns. Consumers are becoming increasingly 

apprehensive about possible adverse health effects associated with dietary exposure to pesticides, especially for 

those who consume large amounts of vegetables. This is particularly important for children who consume 

vegetables in relation to their body weight than do adults (NRC, 1993). 

Poisoning of the former systemic pesticides is a well known toxicological problem in developing countries, 

but well still has, even in industrialized ones, a high mortality rate and a frequent invalidating outcome (Lifshitz 

et al., 1994). Systemic pesticides have been implicated in various disorders and diseases including cancer, 

adverse reproductive outcomes, peripheral neuropathies, disorders, impaired immune functions and allergic 

sensitization reactions, particularly of the skin, cumulative inhibition of cholinesterase activity as a result of 

long-term low doses of exposure to these pesticides (WHO/UNEP, 1990; Hagar and Fahmy, 2002 and Khogali 

et al., 2005). It has peen reported the toxicity of systemic pesticides results in deleterious effects on many organs 

and systems in human and other mammals particularly the nervous system (Nagayama et al., 1998 and Hagar 

and Fahmy, 2002), reproductive system and sexual hormones (Rawling et al., 1998 and Muthuvivegandave et 

al., 2011), liver (Gomes et al., 1999 and Selmanoglu et al., 2001), Kidney (Khogali et al., 2005 and Brkic et al., 

2008), pancreas (Hagar and Fahmy, 2002), brain (Hunt and Hooper, 1993 and Khogali et al., 2005). Some 

biochemical alterations took place in human and other experimental animals due to the systemic pesticide 

toxicity were reported and included inhibition of both mammals brain and plasma cholinesterase activity (Hunt 

and Hooper, 1993; Zaahkouk et al., 2000 and Berny, 2007), and mammals erythrocytes and plasma acetyl 

cholinesterase enzyme activity of liver functional enzymes including serum aspartate transaminase (AST), 

alanine transaminase (ALT), alkaline phosphatase (ALP) and the increase in serum urea, uric acid and creatinine 

( Sayim, 2007 and Salih, 2010). 

As such, consumers are interested in finding ways to minimize their dietary exposure to pesticides. It is well 

known that processing food can affect the level of pesticide residues. Food and health authorities around the 

world were continuously monitoring pesticide residues in fruit and vegetables. Diary risk assessment can be 

refined by taking into the consideration changes in pesticide residues during industrial and home processing 

(Kaushik et al., 2009 and Gehad et al., 2012). 

So far, few efforts have been made and limited published information are available about the impact of 

preparation treatments and household processing on the removal of carbamate pesticides residue in vegetables 

and fruits. Therefore, this research was performed to investigate the stability of chosen carbamate pesticides; 

Aldicarb, pirimicarb, methomyl, carbaryl and mancozeb, residue in eggplant and tomato fruits throughout the 

household preparation, cooking and processing treatments. 

 

Materials and Methods 

 

Materials: 

 

Mature fruits of eggplant (Solanum melongena), local variety (Romy) and tomato (Lycopersicon 

esculentum), variety Kacel Rock were obtained from the fields located in El-Mollak valley, Abo-Hammad 

Center, EL-Sharkia Governorate, Egypt.  

All the tested carbamate pesticides; aldicarb, pirimicarb, methomyl, carbaryl and mancozeb, was purchased 

from Kafr El-Zayaat Company for Fertilizers and Pesticides, El-Gharbia Governorate, Egypt. 

The other chemicals and reagents used in our study were of the analytical grade and purchased from El-

Gamhouria Company for Trading of Chemicals and Drugs, Cairo, Egypt. 
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Methods: 

 

1.Chosen Vegetables Sampling: 

 

Mature eggplant and tomato fruits were obtained from the fields located in El-Mollak, Abo-Hammad 

Center, EL-Sharkia Governorate, Egypt.the field application of chosen vegetable plants with the selected 

carbamate pesticides; aldicarb, pirimicarb, methomyl, carbaryl and mancozeb, was performed at the 

recommended rates in the Pesticide Manual (2003) as illustrated in Table (1). 

 
Table 1: The Identification Knowledge and the recommended rates of tested carbamate pesticides application for chosen vegetables. 

Application rates** Chemical Name Pesticides 

250 cm3/L/fed. 2-methyl-2-(methylthio) propanal O-[(methylamino) carbonyl] oxime Aldicarb  

0.5–1.25 kg/ha. 2-(dimethylamino)-5,6-dimethyl-4-pyrimaidinyl dimethylcarbamate Pirimicarb 

300 g/fed. S-methyl-N-[(methyl carbamoyl) –oxy] thiocarbamate Methomyl 

0.25–2.0 kg/ha. 1-naphyl-N-methylcarbmate  Carbaryl 

250 g/L.  Manganeesethylenebis (dithiocarbamate) Mancozeb 

 ** The recommended rates in the Pesticide Manual (2003). 
 

Triplicate samples of pesticide-treated and untreated eggplant and tomato fruits were randomly picked up. 

The treated samples of the former chosen vegetables were separately harvested after 24 hrs of the field 

carbamate pesticides application for selected vegetable plants. Then, the harvested chosen vegetable fruits were 

packed in polyethylene bags and transferred in the ice boxes to the Laboratory of Researches, Food Science and 

Technology Department, Faculty of Agriculture, Cairo, Al-Azhar Univ.    

 

2.Household Preparation and Processing of Chosen Vegetables: 

 

Each vegetable sample was divided into two batches; one batch was analyzed without any preparation or 

processing treatments (raw samples) and the anther batch was subjected to different household preparation and 

processing treatments, which were summarized in Figure (1). Whereas, the effect of household preparation and 

processing treatments on the removal of tested carbamate pesticides; (aldicarb, pirimicarb, methomyl, carbaryl 

and mancozeb) residue in treated eggplant and tomato fruits was determined. Each processing step was 

considered as sampling point for residue analysis, the removal percentage of pesticide residue was calculated 

according to the following equation: 

Pesticide residue removal percentage = Initial residue – retained residue x 100/ Initial residue 

 

3.Analytical Method for the Quantitative Determination of Carbamate Pesticides Residue:                 

 

The quantitative analysis of the selected carbamate pesticides residue in eggplant and tomato fruits was 

performed according to the procedure of Kumari (2008) throughout the following 3 steps of extraction, clean up 

and quantitative determination by the GLC instrument as follows: 

 

(a)-Extraction: 

 

Each sample from vegetable was chopped into small piece and after quartering, a representative sample 

(25g) was macerated with 5-10g anhydrous sodium sulphate in warring blender to make a fine paste. The 

macerated sample was extracted with 100ml of acetone on mechanical shaker for 1hour. Extract was filtered, 

concentrated up to 40ml and subjected to liquid-liquid partitioning with 50 ml ethyl acetate after diluting 4-5 

times with 10% aqueous NaCl solution. After that, the organic phase was concentrated up to 5ml on rotary 

evaporator.         

 

(b)-Clean-up: 

 

Clean-up was carried out by using column chromatography. Column was packed with silica gel and 

activated charcoal (5:1 w/w) in between the layers of anhydrous sulphate. Extract was eluted with 125 ml 

mixture of acetone: hexane (3:7 v/v). After concentrating the eluate on rotary   evaporator, final volume was 

made to 2ml for analysis by gas liquid chromatography (GLC).  
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Fig. 1: Household cooking and processing for tested vegetables. 

 

(c)-Quantitative determination: 

 

The cleaned-up extracts were analyzed on Hewlett packer 5890A GLC equipped with capillary columns 

using nitrogen phosphatous detector (NPD), megabore column: HP
-1

 of methyl silicone (10 mx0.53 mm ID, 2.65 

mm film thickness). Temperatures (
o
C): oven: 100 (1 min) → 10

o
 min

-1
 → 200 (0 min) → 20

o 
min

-1
  → 260

o
 (3 

min); injector port , 250, detector, 275, carrier gas N2 18 ml min
-1

, H2, 1.5 ml min
-1

 and zero air 130 ml min
-1

. 

 

4.Recovery Studies of the Selected Carbamate Pesticides: 

 

The recovery experiments were conducted with spiking the untreated eggplant and tomato fruits at spiking 

levels of 0.5 and 1.0 mg g
-1

 of each carbamate pesticide. The spiked vegetable samples were subjected to the all 

steps of the analytical procedure for the quantitative determination of each pesticide to validate the accuracy of 

the assay procedure; according to the procedure of Helalia et al. (2005) and Kumari (2008).  

 

5.Statistical Analysis: 

 

All obtained results are expressed as mean of the determination result of tested carbamate pesticide residue 

for triplicate vegetable samples of each treatment + standard error. The statistical comparison between the effect 

of treatments and processing on tested carbamate pesticides
,
 residues was performed using a one-way analysis of 

variance (ANOVA) followed by Duncan
,
s  test according to the procedure of Armitage (1971) using SPSS 

version 11 computer program.     
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Results and Discussion 

 

1. The Accuracy of the GLC-Procedure for the Quantitative Determination of Tested Carbamate Pesticides in 

Contaminated Chosen Vegetables: 

 

Before analyzing the actual samples of eggplant and tomato fruits, the efficiency of the analytical method 

used for the quantitative determination of tested pesticides in chosen vegetables was evaluated via the recovery 

experiments. The recovery experiments were performed by spiking untreated mature eggplant and tomato fruits; 

which collected from control plots, with the 5 different tested carbamate pesticides; aldicarb, pirimicarb, 

methomyl, carbaryl   and mancozeb, individually. A known weight of each tested vegetable was spiked with 

known two levels (0.5 & 1.0 ppm) of each pure standard tested pesticide. For each spiking level, triplicate 

samples of spiked vegetable fruit were extracted and cleaned up on the column filled with the mixture of silica 

gel and the activated characoal (5:1 w/w) in between the layers of anhydrous sodium sulphate and then analyzed 

by gas liquid chromatography (GLC) technique for the quantitative determination of chosen pesticide. The 

obtained recovery data of tested carbamate pesticides in eggplant and tomato fruits analyzed by the GLC 

technique are recorded as in Table (2).   

 
Table 2: Recovery (%) of tested carbamate pesticides in spiked eggplant and tomato fruits analyzed by GLC procedure. 

Pesticides Spiking level (ppm) 

Eggplant fruits Tomato fruits 

Recovery 
(%) 

Average 
(%) 

Recovery 
(%) 

Average 
(%) 

Aldicarb 
0.5 96.12 

97.08 
92.88 

94.01 
1.0 98.46 95.14 

Pirimicarb 
0.5 94.83 

95.05 
94.75 

96.33 
1.0 96.17 97.92 

Methomyl 
0.5 91.25 

92.14 
93.77 

95.02 
1.0 93.04 96.28 

Carbaryl 
0.5 94.32 

95.89 
92.25 

93.57 
1.0 97.46 94.89 

Mancozeb 
0.5 95.76 

96.99 
93.09 

95.30 
1.0 98.23 97.52 

 

As given in Table (2), the average recovery values for aldicarb, pirimicarb, methomyl, carbaryl   and 

mancozeb pesticides in eggplant fruits analyzed quantitatively by gas liquid chromatography (GLC) procedure 

were 97.08, 95.05, 92.14, 95.89 and 96.99%; respectively. While, the corresponding average recovery values for 

the former carbamate pesticides in tomato fruits were 94.01, 96.33, 95.02, 93.57 and 95.30 %; respectively. 

Thereupon, the analytical procedure of gas liquid chromatography (GLC) gave good recovery values for 

quantitative determination the former tested carbamate pesticides residue in eggplant and tomato fruits; 

indicating a good accuracy and sensitivity, as well as its rapid and easy in performance and its simplicity of 

procedure. 

 

2. Effect of Various Household Preparation Treatments on the Removal of Tested Carbamate Pesticides 

Residues (ppm; on wet weight basis) from Eggplant fruits: 

The effect of different household preparation treatments, prior to cooking and processing, on the removal of 

tested carbamate pesticides (aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb) residue in eggplant fruits 

collected after one day post the field pesticides treatment was investigated and the obtained results were 

recorded as in Table (3). 

From the obtain data (Table 3) , it could be showed that pesticide-treated raw eggplant fruits had 2.953, 2.112, 

3.123, 2.057 and 3.781 ppm of aldicarb, pirimicarb, methomyl, carbaryl and mabcozeb, on wet weight basis; 

respectively. The present results (Table 3) also illustrated that the washing treatment with tap water caused a 

reduction in the former carbamate pesticides residue by 21.19, 21.02, 24.75, 22.65 and 18.03 %; respectively. 

The difference in this alteration may be due to the variation in water-solubility of these pesticides. In addition,  

methomyl was the  most effected  pesticide by tap water washing as the result of its higher water-solubility than 

the other tested pesticides. Concerning the removal effect of washing treatments by soaking in tested aqueous 

acidic and alkaline solutions on the removal of tested carbamate pesticides in eggplant and tomato fruits as 

illustrated in Table (3), it could be noticed that soaking in acetic acid solutions for 2 minutes caused a high 

removal of tested carbamate pesticides ranged between 28.78 and 49.54% with soaking in tested acetic acid 

solutions and between 25.20 and 40.06% with soaking in tested sodium hydroxide solution from the in 

pesticide-treated raw eggplant affecting by the concentration of acetic acid in the soaking medium and the 

carbamate pesticide itself with regard its chemical structure and solubility. The elimination effect of acetic acid 

solution on tested pesticides from chosen vegetables may be related to the effect of acidic or alkaline soaking 

media on cleavage the chemical linkages of pesticides and so, resulting in their destruction and leaching out of 
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the disruptive products into the soaking medium. These results are in agreement with (Hegazy et al., 1997; 

Soliman 2001; El-Nabarawy et al., 2002; Radwan et al., 2004; Kumari 2008 and Gehad et al., 2012). 

 With regards the effect of the manual peeling on tested carbamate pesticide residue in contaminated raw 

eggplant fruits collected after 24 hour post field treatment as given in Table (3), it could be noted that manual 

peeling caused the removal of about 29.57-45.66% of tested carbamate pesticides from the initial residues in the 

contaminated raw eggplant fruits depending upon the nature and properties of pesticide itself. The present 

results are nearly in accordance with those reported by El-Nabarawy et al. (2002); Randhawa et al. (2007) and 

Gehad et al. (2012). 
 

3. Stability of Tested Carbamate Pesticides Residues (ppm; on wet weight basis) in Chosen Eggplant Fruits 

throughout Various Household Cooking and Processing Methods: 

       

It is valuable consideration to know the removal effect of cooking treatments on pesticides
,
 residues in 

vegetables and fruits, and the safety of them with regard their containing of the former pollutants to avoid their 

deleterious effects on the consumer health. Therefore, The effect of various household processing and cooking 

methods; grilling on hot plate butaine gas cooker, microwaving (at 50 Hz for 5 min.) and deep-fat frying, on 

tested carbamate pesticides (aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb) residue in eggplant fruits 

was investigated and the obtained results were recorded as in Table (4). 

 
Table 3: Effect of various preparation treatments, prior to cooking and processing, on the removal of the tested carbamatepesticides residue (ppm; on wet weight basis) from eggplant 

fruits collected after one day post the field pesticides treatment.  

 

Treatment 

Tested carbamate pesticides 

Aldicarb Pirimicarb Methomyl Carbaryl Mancozeb 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Pesticide-Treated raw sample * 2.953 a 00.00 2.112 a 00.00 3.123 a 00.00 2.057 a 00.00 3.781a 00.00 

± 0.16 ± 0.19 ± 0.29 ± 0.33 ± 0.27 

W
as

h
in

g
 P

ro
ce

d
u
re

s 

Washing by tap water 2.327 b 21.19 1.668 b 21.02 2.350 b  

24.75 

1.591 b 22.65 3.099 b 18.03 

± 0.21 ± 0.13 ± 0.17 ± 0.11 ± 0.19 

S
o
ak

in
g

 

fo
r 

2
 m

in
. 
in

 

2.5 % 

acetic acid        

solution 

1.901 c 35.62 1.416 c 32.95 1.941 d  

37.85 

1.255 d 38.99 2.693 d 28.78 

± 0.19 ± 0.07 ±  0.23 ± 0.19 ± 0.21 

5 % 

acetic acid                                         

solution *** 

1.616 d 45.27 1.209d 42.76 1.672 e  

46.46 

1.038 e 49.54 2.242 e 40.70 

± 0.10 ± 0.13 ± 0.19 ± 0.13 ± 0.16 

S
o
ak

in
g

 

fo
r 

2
 m

in
. 
in

 

 

0.5% NaOH 

solution 

1.739e 26.55 1.508e 28.60 2.205 c  

29.39 

1.402 c 31.84 2.828 c 25.20 

± 0.07 ± 0.10 ± 0.23 ± 0.09 ± 0.17 

1.0% NaOH 

solution 

1.961 f 33.59 1.377 c 34.80 1.983 d  

36.50 

1.233 d 40.06  

2.581 d 

31.74 

± 0.13 ± 0.06 ± 0.17 ± 0.10 ± 0.21 

Manual peeling 0.080 g 33.16 0.789 d 35.17 1.138 f 31.94 0.564 f 45.66 1.579 f 29.57 

± 0.003 ± 0.009 ± 0.21 ± 0.05 ± 0.07 

Maximum permissible limit 

(MPL) as (ppm 

0.5 1.0 0.2 5.0 2.0 

* Mean of triplicate samples result ± standard error for pesticide residues; the means, within the same column, having different superscripts are significantly varied (at p ≤0.05); ** Samples 

collected after 24 hours from pesticides treatment.;  *** Washing process with soaking in 5% acetic acid solution for 2 min was selected as the best washing treatment. 

 

As evident in Table (4), the pesticide-treated raw eggplant fruits sample was contaminated with  aldicarb, 

pirimicarb, methomyl, carbaryl   and mancozeb at residual level of 2.953, 2.112, 3.123, 2.057 and 3.781 ppm, on 

wet weight basis; respectively. In addition that the preparation treatment, perior to cooking or processing, of 

eggplant fruits by soaking in 5% acetic acid solution  for 2 minutes, as found to be the best preparation 

treatment, caused a high removal in the residues of aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb by 

45.27, 42.76, 46.46, 49.54 and 40.70% from the initial residues of pesticide-treated raw eggplant fruits; 

respectively. 

As illustrated in Table (4), grilling process by the hot plate butaine gas cooker caused the reduction of 

aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb in eggplant fruits by 85.77, 86.19, 81.64, 89.40 and 

84.26% from the residues of prepared fruits sample; respectively. Stewing (at 95 ± 5 
o
C for 30 minutes) caused 

the reduction of the formere tested carbamate pesticides residue in eggplant fruits by 93.5-100 % from the 

residues in the prepared sample depending upon the tested carbamate pesticide itself. From the obtained results 

(Table 4), it could be also cleared that microwaving process led to a reduction of tested carbamate pesticides 

residue in eggplant fruits by about 82.95-90.46% affecting by the kind of pesticide itself, while the deep-fat 

frying process caused the complete disappearance of all tested carbamate pesticides in deep-fried eggplant fruits. 

The elimination effect of thermal cooking and processing on tested carbamate pesticides
, 
residues in chosen 

eggplant vegetable could be attributed to the thermal destruction, the oxidative degradation, hydrolysis and 

volatilization of pesticides. The present results are in accordance with those reported by Ramesh and 

Balasubramanian (1999); El-Nabarawy et al. (2002); Radwan & Attala (2005); Kumari (2008) and Kaushik et 

al. (2009). 

It is worth to note that all selected household cooked and processed eggplant fruits were safe for human 

consumption with regards to their containing from tested carbamate pesticides; aldicarb, pirimicarb, methomyl, 

carbaryl   and mancozeb, residues that were less than the maximum permissible (MPRs); 0.5, 1.0, 0.2, 5.0 and 
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2.0 ppm; respectively, reported by FAO/WHO. (2010) with the exception of methomyl residue in grilled 

eggplant batch.   

 

4. Effect of Various Household Preparation Treatments, prior to Cooking and Processing, on the Removal of 

Tested Carbamate Pesticides Residue (ppm; on wet weight basis) from Tomato Fruits: 

 

The effect of various common household preparation treatments, prior to cooking and processing, on tested 

carbamate pesticides (aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb) residue (ppm, on wet weight 

basis) of the pesticide-treated raw tomato fruits was studied, and then the obtained results were recorded as in 

Table (5). 

As revealed in Table (5), the pesticide-treated raw tomato fruits harvested after one day post the field 

pesticides treatment, contained 2.435, 1.989, 2.835, 1.889 and 2.923 ppm; respectively, on wet weight basis, 

affecting by the type of tested carbamate pesticide itself. 

The obtained results (Table 5) also showed that washing by tap water at ambient temperature caused an 

elimination of about 16.01 - 22.68% from the initial carbamate pesticides residue in the pesticide-treated raw 

tomato fruits affecting by the water-solubility of these pesticides. The obtained results (Table 5) also exhibited 

that washing treatment with soaking in 2.5% acetic acid solution for 2 minutes eliminated about 31.54, 29.51, 

34.77, 36.47, and 27.47%, versus 42.55, 39.27, 43.46, 47.43 and 38.21% of aldicarb, pirimicarb, methomyl, 

carbaryl   and mancozeb from the initial residues in pesticide-treated raw sample with soaking in 5% acetic acid 

solution for 2 minutes; respectively. From the obtained datd (Table 5), it could be also observed that washing 

treatment with soaking in 0.5% or 1.0% NaOH solution for 2 minutes caused the elimination of aldicarb, 

pirimicarb, methomyl, carbaryl   and mancozeb carbamate pesticides
,
 residues by 22.71, or 31.50%, 24.89, or 

34.74%, 28.32 or 37.99%, 26.63 or 35.15%and 21.90 or 29.39% of the initial residues in pesticide-treated raw 

tomato fruits; respectively. The current results are nearly in conformity with those found by Shok et  al. (2002); 

Sharma & Amit-Nath (2005); Kaushik et  al. (2009); Bajwa & Sandhu (2011) and Gehad et  al. (2012).  

 
Table 4: Effect of various household cooking and processing on the removal of carbamate pesticides residue (ppm, on wet weight basis) in eggplant fruits. 

 

Treatment 

Tested carbamate pesticides 

Aldicarb Pirimicarb Methomyl Carbaryl Mancozeb 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Pesticide-Treated raw sample 
** 

2.953 a 00.00 2.112 a 00.00 3.123 a 00.00 2.057 a 00.00 3.781 a 00.00 

± 0.16 ± 0.10 ± 0.17 ± 0.010 ± 0.14 

Prepared sample*** 1.616 b 45.27 1.209 b 42.76 1.672 b 46.46 1.038 b 49.54 2.242 b 40.70 

± 0.21 ± 0.08 ± 0.13 ± 0.16 ± 0.19 

Grilling by hot plate cooker 0.230 c 85.77 0.167 c 86.19 0.307 c 81.64 0.110 c 89.40 0.353 c 84.26 

± 0.020 ± 0.009 ± 0.013 ± 0.009 ± 0.021 

Stewing 

(95+5 oC for 30 min.) 

0.029 e 98.21 ND e 100 0.109 e 93.48 ND e 100 0.098 e 95.63 

± 0.001 ± 0.0 ± 0.010 ± 0.0 ± 0.003 

Microwaving 

(50 Hz  for 5 min.) 

0.209 d 87.07 0.138 d 88.59 0.285 c 82.95 0.099 d 90.46 0.296 d 86.80 

± 0.013 ± 0.007 ± 0.013 ± 0.003 ± 0.011 

Deep-fat frying 

(175+5 o C) 

ND f 100 ND e 100 ND f 100 ND e 100 ND f 100 

± 0.0 ± 0.0 ± 0.0 ± 0.0 ± 0.0 

Maximum permissible limit 

(MPL) as (ppm 

0.5 1.0 0.2 5.0 2.0 

* Mean of triplicate samples result ± standard error for pesticide residues; the means, within the same column, having different superscripts are significantly varied (at p ≤0.05); 

**Samples collected after 24 hours from the field pesticides treatment;  *** Prepared samples by washing with soaking in 5% acetic acid solution for2min as the best washing treatment. 

 

With regards the impact of peeling process on tested carbamate pesticides in raw tomato fruits as shown in 

Table (5), it could be noted that peeling by hot water at 95±5 
o
C for 2 min eliminated about 43.03, 48.01, 42.86, 

52.87 and 40.81% of aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb from the residues in washed 

sample with soaking in 5% acetic acid solution for 2 min, versus 41.53, 42.96, 38.55, 48.94 and 37.15% loss in 

the corresponding former carbamate  pesticides residue in tomato fruits treated by  the  steam peeling for 2 

minutes. While, peeling by 5% NaOH solution for 5 minutes caused the removal of the corresponding 

carbamate pesticides residue in tomato fruits by 59.47, 62.75, 69.37, 65.62  and 54.82% from the residues of 

tomatoes washed by soaking in 5% acetic acid solution for 2 min; respectively. These results are in accordance 

with those obtained by Cengiz et  al. (2007); Kaushik et  al.(2009); Bajwa & Sandhu (2oo7); Gehad et  al., 2012 

and Fahmy (2013). 

 

5. Stability of Tested Carbamate Pesticides Residues (ppm; on wet weight basis) in Chosen Tomto Fruits 

throughout Various Household Cooking and Processing Methods: 

 

As shown in Table (6), pesticide-treated raw tomato fruits, harvested after 24 hours from the field 

pesticides treatment contained the aldicarb, pirimicarb, methomyl, carbaryl and mancozeb carbamate pesticides 

at level of 2.435, 1.989, 2.835, 1.889 and 2.923 ppm, on wet weight basis; respectively. While, prepared tomato 

fruits by washing treatment with soaking in 5% acetic acid solution for 2 min followed by peeling with hot 

water (at 95+5 
o
C for 2 min) had the former corresponding carbamate pesticides at the concentration of 0.797, 

0.628, 0.916, 0.468 and 1.069 ppm, on wet weight basis, and therefore the former preparation treatments caused 
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the reduction of the previous pesticides in prepared tomato fruits by 67.27, 68.43, 67.69, 75.22 and 63.43%; 

respectively. 

 
Table 5: Effect of various preparation treatments, prior to cooking and processing on the removal of the tested carbamate pesticides residue (ppm, on wet weight basis) from tomato fruits 

collected after one day post the field pesticides treatment. 

 

Treatment 

Tested carbamate pesticides 

Aldicarb Pirimicarb Methomyl Carbaryl Mancozeb 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Pesticide-Treated raw sample * 2.435 a 00.00 1.989a 00.00 2.835 a 00.00 1.889 a 00.00 2.923 a 00.00 

± 0.13 ± 0.16 ± 0.17 ± 0.09 ± 0.17 

Washing by tap water 1.989 b 18.32 1.629 b 18.10 2.192 b 22.68 1.495 b 20.86 2.455 b 16.01 

± 0.16 ± 0.09 ± 0.21 ± 0.10 ± 0.14 

S
o
ak

in
g
 f

o
r 

2
 m

in
 i

n
 

2.5 % acetic acid        

solution 

1.667 d 31.54 1.402 c 29.51 1.849 c 34.77 1.200 d 36.47 2.120 cd 27.47 

± 0.10 ± 0.06 ± 0.09 ± 0.10 ± 0.19 

5 % acetic acid                                         

solution ** 

1.399 e 42.55 1.208 e 39.27 1.603 d 43.46 0.993 e 47.43 1.806 e 38.21 

± 0.15 ± 0.13 ± 0.10 ± 0.07 ± 0.13 

0.5% NaOH solution 1.882c 22.71 1.494 c 24.89 2.032 b 28.32 1.386 c 26.63 2.283 c 21.90 

± 0.11 ± 0.07 ± 0.19 ± 0.16 ± 0.19 

1.0% NaOH solution 1.668 d 31.50 1.298 d 34.74 1.758 c 37.99 1.225 d 35.15  

2.064 d 

29.39 

± 0.15 ± 0.11 ± 0.13 ± 0.09 ± 0.13 

P
ee

li
n
g
 p

ro
ce

ss
es

 

Peeling by hot water 

( at 95+5 o C for 2 min) 

0.797 f 43.03 0.628 f 48.01 0.916 e 42.86 0.468 g 52.87 1.069 e 40.81 

± 0.003 ± 0.008 ± 0.007 ± 0.003 ± 0.08 

Peeling by steam 

(For 2 min.) 

0.818 f 41.53 0.689 f 42.96 0.985 e 38.55 0.507 f 48.94 1.135 e 37.15 

± 0.09 ± 0.05 ± 0.09 ± 0.006 ± 0.12 

Peeling by NaOH sol. 

(at 95+5 o C  for 10 min.) 

0.567 g 59.47 0.450 g 62.75 0.491 f 69.37 0.338 h 65.62 0.816 f 54.82 

± 0.03 ± 0.09 ± 0.06 ± 0.004 ± 0.09 

Maximum permissible limit 

(MPL) as (ppm) 

0.5 1.0 1.0 5.0 2.0 

* Mean of triplicate samples result ± standard error for pesticide residues the means, within the same column, having different superscripts are significantly varied (at p ≤0.05) ; ** 

Samples collected after 24 hours from the field pesticides treatment.; *** Washing process with soaking in 5% acetic acid solution for2 min was selected a. replacement tap water washing. 

 

From the obtained results (Table 6), it could be also noticed that tomato juicing process led to decrease the 

residues of the tested carbamate pesticides; aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb  by  33.12, 

35.83, 31.44, 41.67  and  39.76;  respectively, as  the  result of  eliminating of  tomato seeds and some colloidal 

materials, throughout juicing process, which adsorb a noticeable amount of these pesticides. The current results 

(Table 6) also exhibited that the concentration process of tomato pulp; tomato paste technology, showed shigh 

efficient in the elimination and disappearance of all tested carbamate pesticides; aldicarb, pirimicarb, methomyl, 

carbaryl and mancozeb, residues by about 96.11, 97.45, 92.79, 98.08 and 95.23% from their residues in prepared 

tomato sample; respectively. This elimination effect may be due to the oxidative and thermal destruction, and 

volatilization of tested carbamate group pesticides (Abou-Arab & Abou-Donia, 2001; Kantou et al., 2004, 

Kaushik et al., 2009 amd Fahmy, 2013). It is worth to noted that the extracted tomato juice prepared by juicing 

process was safe for human consumption with regards to its containing from tested carbamate pesticides
,
 

residues which were less than the maximum permissible residues (MPRs) reported by FAO/WHO. (2010), with 

the exception of aldicarb residue (0.533 ppm) which was found at higher residue than the MPR.  

 
Table 6: Effect of various household cooking and processing on the removal of carbamate pesticides residue (ppm, on wet weight basis) in tomato fruits. 

 

Treatment 

Tested carbamate pesticides 

Aldicarb Pirimicarb Methomyl Carbaryl Mancozeb 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Residue * 

(ppm) 

Loss 

(%) 

Pesticide-Treated raw 

sample ** 

2.435 a 00.00 1.989 a 00.00 2.835 a 00.00 1.889 a 00.00 2.923 a 00.00 

+ 0.13 + 0.070 + 0.19 + 0.21 + 0.27 

Prepared sample*** 0.797 b 67.27 0.628 b 68.43 0.916 b 67.69 0.468 b 75.22 1.069 b 63.43 

+ 0.091 + 0.003 + 0.07 + 0.006 + 0.13 

Juicing process 0.533 c 33.12 0.403 c 35.83 0.628 c 31.44 0.273 c 41.67 0.644 c 39.76 

+ 0.006 + 0.001 + 0.012 + 0.010 + 0.008 

Pulp Concentration 

(Tomato Paste 25% TSS) 

0.031 e 96.11 0.016 e 97.45 0.066 e 92.79 0.009 e 98.08 0.051 e 95.23 

+ 0.003 + 0.003 + 0.001 + 0.003 + 0.005 

Stewing 

(95 ± 5 oC for 30 min.) 

ND  f 100 ND f 100 ND f 100 ND f 100 ND f 100 

+ 0.0 + 0.0 + 0.0 + 0.0 + 0.0 

Microwaving 

(50 Hz  for 5 min.) 

0.112 d 85.95 0.080 d 87.26 0.149 d 83.73 0.054 d 88.46 0.144 d 86.53 

+ 0.007 + + 0.009 + 0.05 + 0.003 

Maximum permissible 

limit (MPL) as (ppm 

0.5 1.0 0.2 5.0 2.0 

*Mean of three replicates ± standard error for pesticide residues; the means, within the same column, having different superscripts are significantly varied (at p ≤0.05); **Samples 

collected after 24 hours from the field pesticides treatment; ***Prepared samples by washing with soaking in 5% acetic acid solution for 2 min  followed by peeling with hot water (at 95 ± 

5 oC for 2 min) as to be the best preparation treatment. 

 

With regards the stability of tested carbamate pesticides in tomatoes, as given in Table (6), cooking of 

prepared tomato fruits at 95+5 
o
C for 30 minutes caused a complete elimination and disappearance of all tested 

carbamate pecticides
,
 residues. While, cooking of prepared tomato fruits in microwave oven (at 50 Hz for 5 

minutes) caused a high removal of aldicarb, pirimicarb, methomyl, carbaryl   and mancozeb by 85.95, 87.26, 

83.73, 88.46 and 86.53% of their residues; respectively. Thereupon, stewing process was more effective than 

microwaving in the removal of tested carbamate pesticides
,
 residues. In addition the methomyl pesticide was the 
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most persistence tested carpamate pesicides throughout thermal process and cooking. The removal effect of 

cooking and thermal processing treatments could be attributed to the oxidative degradation and thermal 

destruction, hydrolysis and volatilization of pesticides. The present results are in harmony with those obtained 

by Holland  et al. (1994);  Abou-Arab &  Abou-Donia  (2001);  Castro et al. (2003);  Kantou et al. (2004); 

Chavarti and Herrera (2005); Randhawa et al. (2007); Kumari (2008); Kaushik et al. (2009); Gehad et al. (2012) 

and Fahmy (2013). It is worth to mention that tomato paste, produced by the concentration of tomato pulp, and 

cooked tomato fruits by either stewing (at 95+5 
o
C for 30 minutes) or microwaving (at 50 Hz for 5 minutes) 

were safe for human consumption with respect to their containing from tested carbamate pesticides
,
 residues 

which were less than the MPRs (0.5, 1.0, 1.0, 5.0 and 2.0 ppm; respectively) reported by FAO/WHO. (2010). 

 

Conclusion & Recommendation: 

  

Preparation treatments; washing with tap water and detergent solutions and peeling operations played an 

important role in the removal of pesticides
,
 residues in vegetables and fruits. In addition that processed and 

cooked vegetables were safe for human consumption with regards their containing from tested carbamate 

pesticides
,
 residues which were no exceeding the maximum permissible residues reported by FAO/WHO. 

Therefore, the tested preparation treatments should be carried out carefully prior to fresh consumption, 

processing and cooking to avoid the harmful effects of pesticides on consumer health. 
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