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ABSTRACT: Field experiments were conducted on tomato fruits to investigate the residues, 

dissipation behavior, removal efficiency, health risk assessment, and biochemical impacts of 

indoxacarb (Tunchii 15% SC) during the winter season of 2023 in Mit Al-Qurashi village, Dakahlia 

Governorate, Egypt. Samples were collected at multiple intervals: 1 hour, 1, 3, 6, 9, 12, and 15 days 

post-application. The QuEChERS method was employed for residue extraction and clean-up, followed 

by analysis using HPLC. The initial indoxacarb residue level was 6.88 mg/kg, which declined 

gradually over time. The estimated half-life (t½) was 1.965 days, and the pre-harvest interval (PHI) 

was determined to be 12 days. Notably, no residues were detected in processed tomato paste made 

from contaminated fruits, indicating 100% removal. Furthermore, washing the tomatoes with tap 

water, acetic acid 5%, and sodium carbonate 5% for 5 minutes resulted in removal efficiencies of 

28.84%, 34.58%, and 44.66%, respectively. While the health risk index indicated that tomatoes could 

be safely consumed after 15 days, converting the fruits into paste allowed for earlier safe consumption. 

Minor reductions were observed in certain quality parameters (e.g., total sugars and some minerals), 

whereas key nutrients such as protein, vitamin C, and beta-carotene showed no significant changes. 
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INTRODUCTION 

Tomatoes (Solanum lycopersicum L.) are 

among the most extensively cultivated and 

consumed vegetables worldwide, primarily due 

to their high nutritional value and numerous 

health-promoting properties. They are particularly 

rich in antioxidants, including ascorbic acid 

(vitamin C), vitamin E, carotenoids (such as 

lutein and lycopene), flavonoids, and phenolic 

acids. These compounds have been linked to a 

variety of health benefits, such as improved skin 

health, weight management, cardiovascular 

protection, regulation of blood pressure, 

prevention of cancer and diabetes, relief from 

constipation, and support for healthy vision 

(Mahugija et al., 2021). 

However, tomato cultivation is frequently 

challenged by various insect pests, including 

fruit borers, armyworms, Tuta absoluta, and leaf 

miners. To control these pests, synthetic insecticides 

are commonly used due to their fast-acting 

nature and high effectiveness. However, the 

widespread and prolonged use of such chemicals 

has raised serious concerns regarding their 

environmental impact, their role in fostering 

insecticide-resistant pest populations, and their 

potential harmful effects on human health 

(Arowolo et al., 2022). 

 Oxadiazine insecticides are derivatives of 

oxadiazine. Indoxacarb is the only member of 

this class. It is used for control of a wide range 

of lepidopterous insects in corn, vegetables, and 

fruit (Simon, 2011, added other new references). 

Indoxacarb is an insecticide that is readily 

metabolized by an esterase/ amidase to its 

corresponding N-decarbomethoxylated metabolite. 

The metabolite is a potent sodium channel 
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blocker in insects, leading to flaccid paralysis 

and death (Simon, 2011; Moustafa et al., 2023). 

In recent years, growing public awareness 

regarding pesticide residues in food has sparked 

increased interest in developing simple and 

effective household methods for residue reduction. 

Numerous studies have examined the efficacy of 

domestic treatments such as rinsing with water, 

vinegar, baking soda, or commercial produce 

washes. While some of these approaches can 

significantly reduce surface-level residues, their 

effectiveness is influenced by several factors, 

including the physicochemical properties of the 

pesticide, the type and duration of the treatment, 

and the surface characteristics of the product. In 

certain cases, pesticides may penetrate the peel 

or systemically absorbed into the fruit tissue, 

thereby limiting the success of external washing 

methods (Ahmad et al., 2024). 

Therefore, this study aims to evaluate the 

residual behavior of indoxacarb on/in tomato 

fruits by determining its dissipation rate, half-

life, and pre-harvest interval (PHI). It also 

examines the effectiveness of various household 

washing solutions and processing techniques 

(e.g., tomato paste preparation) in reducing 

residue levels. Additionally, the study explores 

the impact of indoxacarb on selected quality 

parameters and essential mineral content in 

tomatoes, analyzes matrix effects, and assesses 

the potential health risks associated with the 

consumption of contaminated fruits. The results 

of this research are intended to support food 

safety initiatives and guide informed pesticide 

management practices. 

MATERIALS AND METHODS 

Chemical and Reagents 

Indoxacarb (>99% purity) reference analytical 
standard was obtained from Dr. Ehrenstorfer 
GmbH (Augsburg, Germany). HPLC-grade 
methanol, acetonitrile, and glacial acetic acid were 
purchased from Sigma (Sigma GmbH, Darmstadt, 
Germany). Primary secondary amine (PSA, 40 
µm Bondesil) and graphitized carbon black 
(GCB) sorbents were obtained from Supelco 
(Bellefonte, Pennsylvania, USA). Analytical-
grade anhydrous magnesium sulfate and sodium 
chloride were purchased from CARLO ERBA 

Reagents S.A.S. The commercial formulation of 
indoxacarb (Tunchii 15% SC) was procured 
from the local market and manufactured by 
Astra Nova Tarim Techart. 

Preparation of standard solutions 

For HPLC analysis, a stock solution of 

indoxacarb was initially prepared at a 

concentration of 100 mg/L using acetonitrile as 

the solvent. This solution was then serially 

diluted to obtain the necessary working standards 

and spiking solutions. All prepared solutions, 

including standards and dilutions, were stored at 

4 °C to ensure stability. 

Field experiment and sampling 

During the fruiting stage, tomato plants 

grown in a private field in Mit Al-Qurashi 

Village, Dakahlia Governorate, Egypt, were 

treated with indoxacarb (Tunchii 15% SC) at the 

recommended application rate of 26.5 cm³ per 

100 liters of water. Control plots were sprayed 

with water only. After spraying, tomato samples 

were collected from each replicate at specific 

intervals: 1 hour, 1, 3, 6, 9, 12, and 15 days post-

application. From each treatment, 2 kg of fruit 

was collected for residue analysis. Control 

samples were collected at the same time points. 

Immediately after collection, samples were 

placed in polyethylene bags and transported to 

the laboratory in an ice box. Upon arrival, the 

samples were roughly chopped and homogenized 

using a food processor (HOBART). The 

resulting homogeneous matrix was stored in 

sealable plastic bags at -20°C until analysis. 

Extraction and Clean-Up 

Tomato samples were extracted and cleaned 

following the QuEChERS method described by 

Lehotay (2007). Briefly, 10±0.1 g of homogenized 

tomato sample was weighed into a 50 mL 

centrifuge tube. Then, 10 mL of acetonitrile 

containing 1.0% acetic acid was added, and the 

mixture was shaken vigorously for 1 minute. 

Subsequently, 1 g of sodium chloride and 4 g of 

anhydrous magnesium sulfate were added, 

followed by another round of shaking and 

centrifugation at 4000 rpm for 5 minutes. 

For the clean-up step, 1 mL of the resulting 

supernatant was transferred to a new tube 

containing 25 mg of primary secondary amine
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 (PSA), 150 mg of anhydrous magnesium 

sulfate, and 10 mg of graphitized carbon black 

(GCB). The mixture was shaken for 1 minute 

and centrifuged again at 4000 rpm for 5 minutes. 

The final supernatant was filtered through a 0.22 

µm PTFE syringe filter (Millipore, Billerica, 

MA), and 0.5 mL of the filtrate was transferred 

into a vial for subsequent analysis by high-

performance liquid chromatography (HPLC). 

Instrumentation 

Chromatographic analysis was performed 
using a high-performance liquid chromatography 
(HPLC) system (Agilent 1260 Infinity series) 
equipped with a quaternary pump, an 
autosampler, and a diode array detector (DAD). 
Separation was achieved using a Nucleosil C18 
analytical column (30 × 4.6 mm i.d., 5 µm 
particle size). The mobile phase consisted of 
acetonitrile and water in a ratio of 90:10 (v/v), 
delivered at a flow rate of 1.0 mL/min. The 
injection volume was set to 20 µL, and detection 
was carried out at a wavelength of 205 nm. 

Method Validation 

According to the SANTE guidelines (2021), 
the following validation parameters were 
examined: linearity, matrix effect, recovery, and 
LOQ (the lowest spiking level). Linearity was 
evaluated by constructing a six-point calibration 
curve using standard solutions at concentrations 
of 0.01, 0.1, 0.5, 1, 2.5, and 5 mg/L. The 
correlation coefficient (R²) was calculated by 
plotting peak area responses against the 
corresponding concentrations in the solvent. 

To account for potential matrix interferences, 
matrix-matched calibration (MMC) was employed. 
The matrix effect (ME) was defined as the 
alteration in analyte response due to co-extracted 
matrix components. It was determined by 
comparing the detector responses of the analyte 
in pure solvent with those in matrix-matched 
standards fortified at the same concentration 
levels (0.01, 0.1, 0.5, 1, 2.5, and 5 mg/ kg). 

The matrix effect percentage (%ME) was 

calculated using the following equation: 

ME (%) = [(Mₘₐₜᵣᵢₓ − Mₛₒₗᵥₑₙₜ) / Mₛₒₗᵥₑₙₜ] × 100 

Where: 

Mₘₐₜᵣᵢₓ = slope of the calibration curve prepared 

in the matrix 

Mₛₒₗᵥₑₙₜ = slope of the calibration curve prepared 

in pure solvent 

Recovery Assessment 

To evaluate the efficiency of the extraction, 

cleanup, and quantification procedures, 

untreated tomato fruit samples were spiked with 

known concentrations of the insecticide standard 

solution at three levels: 0.1, 0.5, and 1.0 mg/kg. 

The spiked samples were processed and 

analyzed as previously described. 

The recovery percentage was calculated 

using the following equation: 

% Recovery = (Amount detected / Amount added) × 100 

The results of the recovery test are 

summarized in Table 1, showing that the mean 

recovery value was 99.32%, indicating high 

method reliability. All analytical results were 

adjusted based on the recovery rates obtained. 

Removal Trials of Indoxacarb Residues 

through Household Processing 

To assess the effectiveness of common 

household processing methods in reducing 

indoxacarb residues in tomato fruits, 

approximately two kilograms of tomatoes were 

collected one day after insecticide application. 

The fruits were soaked for 5 minutes in jars 

containing different washing solutions: tap 

water, acetic acid (CH₃COOH5) %, and sodium 

carbonate (Na₂CO₃) 5%, following the method 

of Pekel (2023). 

After washing, the samples were air-dried on 

clean paper towels and stored appropriately. For 

paste preparation, the washed tomato juice was 

concentrated at 100 °C with the addition of 2.5% 

sodium chloride (NaCl) until a paste was 

formed, according to Shalaby et al. (2022). 

To quantify the impact of each processing 

step, Processing Factors (PFs) were calculated 

as the ratio of pesticide residue concentration 

(mg/kg) in the processed product to that in the 

corresponding raw (unprocessed) sample. A PF 

less than 1 indicates a reduction in residue levels 

due to processing, while a PF greater than 1 

suggests an increase—typically resulting from 

dehydration or mass reduction during processing, 

rather than actual pesticide addition 

(Bonnechère et al., 2012). 
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Table 1. Fortification levels and recovery percentage (±RSDr) of indoxacarb in tomato fruits for 

HPLC analyzed 

Spiking level (mg/kg) (n=5) Mean recovery (%RSD) RSDr% 

0.1 98.42±1.36 1.38 

0.5 98.86±4.83 2.41 

1 100.68±2.47 1.006 

Mean           99.32 

 

The formula used was: 

PF = Residue concentration in processed product 

(mg/kg) / Residue concentration in raw product 

(mg/kg) 

Residual Effects of Indoxacarb on 

Biochemical Constituents of Tomato 

Fruits 

To evaluate the residual effects of indoxacarb 

on the biochemical quality of tomato fruits, 

samples from both treated and untreated plots 

were collected at 3, 6, and 9 days post-application. 

The analysis focused on several key quality 

parameters, including total soluble sugars, 

glucose, titratable acidity, total soluble solids 

(TSS), ascorbic acid (vitamin C), β-carotene, 

crude protein, and dry matter content. 

In addition, the concentrations of trace essential 

elements, namely nitrogen (N), phosphorus (P), 

potassium (K), iron (Fe), manganese (Mn), 

calcium (Ca), and zinc (Zn) were also 

determined according to the methods described 

by Shalaby (2016).  

Health Risk Assessment 

To assess the potential health risks associated 

with insecticide residues in tomato fruits, the 

Estimated Average Daily Intake (EADI) and the 

Health Risk Index (HRI) also known as the Risk 

Quotient (RQ) were calculated using the 

following equations: 

EADI=CRL×FI×100/b.w 

HRI or RQ= EADI/ADI 

Where: 

CRL: Mean concentration of insecticide residues 

in tomato samples (mg/kg). 

FI: Food intake, representing the average daily 

tomato consumption, estimated at 0.118 kg/day 

(Ibrahim et al., 2022). 

100: A general safety factor commonly used in 

dietary exposure assessments (Malhat et al., 

2014; Szpyrka et al., 2015). 

b.w: Average adult body weight, assumed to be 

80 kg (Ahmed et al., 2016; Taghizadeh et al., 

2019). 

ADI: Acceptable Daily Intake, as defined by 

FAO/WHO (2010, 2015).  

An HRI (or RQ) value greater than 1 indicates 

a potential health risk, while values below 1 

suggest the exposure is within acceptable safety 

limits. 

Subsequently, the Health Risk Index (HRI), 

also known as the Risk Quotient (RQ), was 

calculated by comparing the Estimated Average 

Daily Intake (EADI) with the Acceptable Daily 

Intake (ADI) as defined by international 

regulatory guidelines. 

An HRI (or RQ) value greater than 1 indicates a 

potential health risk resulting from insecticide 

exposure through tomato consumption. Conversely, 

a value equal to or less than 1 suggests that 

dietary exposure is within acceptable safety 

limits and is considered safe for human health 

(Hamilton and Crossley, 2004; Darko and 

Akoto, 2008). 

Statistical analysis and kinetic studies  

A one-way ANOVA and Fisher's LSD test in 

Microsoft Excel 2021 were used to assess field 

findings and identify significant differences 

between groups; a P value of less than 0.05 was 

deemed significant. The degradation rate 

constant (K) and the associated half-life value



 
Zagazig J. Agric. Res., Vol. 52 No. (4) 2025                                           791 

 (t½) for the insecticide indoxacarb was calculated 

based on the following formulas: K=2.303× slope, 

and t½ = 0.693/K. (Gomaa and Belal, 1975). 

RESULTS AND DISCUSSION 

Method Validation 

In this study, the analytical method was 

validated according to the SANTE/11312/2021 

guidelines, using several standard validation 

parameters: 

Linearity 

To assess the linearity of the method for 

indoxacarb, calibration curves were constructed 

using six concentration levels ranging from 0.01 

to 5 mg/L. The relationship between analyte 

concentration and detector response was 

evaluated using the least squares regression 

method. 

The calibration curve exhibited excellent 

linearity, with a correlation coefficient (R²) 

greater than 0.9986, indicating a strong linear 

relationship. 

The regression equation was found to be:  y 

= 61.689 + 12.526x, where y represents the peak 

area and x the concentration of indoxacarb in 

mg/kg. Fig. 1 illustrates the calibration curve for 

indoxacarb. 

Matrix Effect (ME%) Evaluation 

To evaluate the impact of co-extracted matrix 

components on the detection sensitivity of 

HPLC analysis, the matrix effect (ME%) was 

assessed. The matrix effect reflects any alteration 

in analyte response, either enhancement or 

suppression—due to interfering substances 

present in the sample matrix. 

In this study, the matrix effect for indoxacarb 

was evaluated by comparing the slopes of 

calibration curves prepared in pure solvent 

(acetonitrile) and in tomato matrix extract. The 

ME% was calculated using the following formula: 

ME% = [(Slope of matrix-matched calibration – 

Slope of solvent calibration) / Slope of solvent 

calibration] × 100 

Interpretation of ME% values 

0% indicates no matrix effect, 

Positive ME% suggests signal enhancement, 

Negative ME% indicates signal suppression. 

For indoxacarb, a positive matrix effect of 

+240% was observed, indicating a significant 

enhancement in detector response due to the 

presence of matrix components in the tomato 

extract. 

This result emphasizes the critical need for 

matrix-matched calibration to ensure accurate 

quantification of pesticide residues in complex 

food matrices such as tomato. 

Limit of quantification (LOQ) 

The limit of quantification (LOQ) is a 

significant measure for evaluating the accuracy 

and precision of analytical methods. It 

designates the minimum concentration of target 

substances that can be reliably detected within a 

specified matrix, corresponding to a signal-to-

noise ratio of 10 (Su et al., 2020). The LOQ has 

been established at 0.1 mg/kg. According to the 

guidelines provided by SANTE/11312/2021, 

LOQ value is considered acceptable if they do 

not exceed the maximum residue limit (MRL) 

set for these substances. The established MRLs 

for indoxacarb in tomato is 0.5 mg/kg according 

to Codex Alimentarius. 

Residues of indoxacarb insecticide 

The data presented in Table 2 and Fig. 2 

illustrate the initial deposits and dissipation 

behavior of indoxacarb residues on and within 

tomato fruits following foliar application. One-

hour post-application, the initial residue level 

was 6.88 mg/kg. Residue concentrations 

subsequently declined over time, reaching 5.05, 

3.21, 2.04, 0.73, 0.41, and 0.013 mg/kg after 1, 

3, 6, 9, 12, and 15 days, respectively. These 

values correspond to dissipation percentages of 

26.59%, 53.34%, 70.34%, 89.38%, 97.96%, and 

99.81%, respectively. 

Based on dissipation dynamics, the Pre-

Harvest Interval (PHI) was established at 12 

days, ensuring that residue levels remain within 

the Maximum Residue Limit (MRL) for consumer 

safety. 

The half-life (RL₅₀) of indoxacarb was 

calculated to be 1.965 days, indicating a relatively 

fast degradation rate. The corresponding dissipation
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Fig. 1. Calibration curve of indoxacarb with HPLC-DAD analysis 

 

 

  

Table  2. Residue levels and dissipation behavior of indoxacarb in tomato fruits under field 

conditions 

Intervals (days) Residues (mg/kg) % Loss % persistence 

0 6.88±0.40 0 100 

1 5.05±0.25 26.59 73.41 

3 3.21±0.48 53.34 46.66 

6 2.04±0.10 70.34 29.66 

9 0.73±0.08 89.38 10.62 

12 0.41±0.04 97.96 2.04 

15 0.013±0.023 99.81 0.19 

MRL 0.5 mg/kg(Codex) 

PHI (days) 12 days 

RL50 (days) 1.965 days 

K (days) 0.3527 days 

Whereas; MRL = Maximum Residue Limit, PHI = Pre-Harvest Interval, RL50 = Time required for 50% residue dissipation, 

K=rate of degradation.
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Fig. 2. Log residue-day regression line of indoxacarb residue in tomato fruits under field conditions 
 

 

rate constant (K) was 0.3527 day⁻¹, confirming 

the rapid breakdown of the insecticide under the 

experimental conditions. 

These findings indicate that indoxacarb 

dissipates significantly over time and reaches 

safe residue levels before harvest, supporting its 

suitability for tomato application when Good 

Agricultural Practices (GAPs) are followed. 

Moreover, the observed residue behavior 

aligns with previous studies that reported similar 

dissipation trends of indoxacarb and other 

insecticides in various vegetable crops 

(Gaaboub, 2015; Anita et al., 2018; Kaur et 

al., 2023; Shalaby et al., 2022; Sardar et al., 

2023), thereby reinforcing the validity and 

reliability of the current findings. 

Removal Trials of Indoxacarb Residues 

from Treated Tomato Fruits 

This study investigated the effects of 

common household and processing techniques 

on the removal of indoxacarb residues from 

contaminated tomato fruits. The evaluated 

processes included washing with tap water, 

acetic acid (CH₃COOH) 5%, sodium carbonate 

(Na₂CO₃) 5%, and tomato paste preparation 

(thermal processing). 

The results, presented in Table 3, clearly 

demonstrate that all tested washing treatments 

reduced indoxacarb residues compared to 

untreated (unwashed) tomato fruits collected one 

day after spraying, which initially contained 

5.05 mg/kg of the insecticide. Washing with tap 

water reduced the residue to 3.59 mg/kg, 

representing a 28.84% reduction. Washing with 

5% acetic acid further decreased the residue to 

3.30 mg/kg, equating to a 34.58% reduction. 

Washing with sodium carbonate solution proved 

most effective among washing methods, 

reducing the residue to 2.79 mg/kg, or 44.66%. 

Notably, thermal processing by converting 

the tomatoes into paste resulted in a complete 

removal of indoxacarb residues, reducing them 

to undetectable levels, equivalent to a 100% 

removal rate. These findings suggest that residue 

reduction efficiencies of the tested methods can 

be ranked in descending order as follows: 

Tomato paste preparation (thermal processing) > 

Sodium carbonate washing > Acetic acid 

washing > Tap water washing. In terms of 

Processing Factor (PF), lower PF values 

indicated more effective residue removal, as 

seen clearly in Table 3. 

Furthermore, although safe consumption 

based on MRL was achieved after 12 days post-

application under field conditions, this interval 

can be significantly shortened if the tomatoes 

are processed into paste just one day after 

treatment. These results agree with findings 

from previous studies investigating the removal 

of indoxacarb and other pesticide residues from 

tomatoes and various vegetables (Andrade et 

al., 2015; Kwon et al., 2015; Rodrigues et al., 

2017; Sakthiselvi et al., 2020; Shalaby et al., 

2022; Qi et al., 2023).
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Table 3. Removal Residue levels of indoxacarb in tomato fruits after one day of application. 

PROCESS Residues (ppm) % Loss Processing Factor 

Unwashed 5.05±0.25 26.59 - 

Water 3.59±0.51 28.84 0.71 

Acetic acid 3.30±1.11 34.58 0.65 

Na2CO3 2.79±1.71 44.66 0.55 

Paste UND 100 0 

 

Risk Assessment of Indoxacarb Residues 

in Tomato Fruits 

The concentrations of indoxacarb residues in 

both treated and untreated tomato samples were 

assessed in comparison with the Maximum 

Residue Limits (MRLs) established by 

international regulatory authorities, including 

Codex Alimentarius, the European Union, and 

the U.S. Environmental Protection Agency 

(EPA). This evaluation aimed to determine an 

appropriate Pre-Harvest Interval (PHI) that 

ensures consumer safety. 

In addition to MRL comparisons, Health 

Risk Indices (HRIs) were calculated to estimate 

the potential dietary risk associated with 

indoxacarb residues. The Estimated Average 

Daily Intake (EADI) was computed based on 

average tomato consumption rates and residue 

levels detected in samples collected at different 

intervals post-application. The EADI values 

were then compared to the Acceptable Daily 

Intake (ADI) to evaluate potential acute and 

chronic health risks. 

According to the established risk assessment 

guidelines: 

An HRI value > 1 indicates a potential health 

risk for consumers. 

An HRI value ≤ 1 suggests that dietary 

exposure remains within acceptable safety 

margins (Hamilton and Crossley, 2004; Darko 

and Akoto, 2008; Ahmed et al., 2016; Liu et 

al., 2019; Ibrahim et al., 2022). 

As shown in Table 4, the calculated EADI 

and corresponding HRI values for indoxacarb 

residues over time indicate that the insecticide 

residues decrease to safe levels 15 days after 

application. Therefore, a minimum waiting 

period of 15 days is recommended before the 

tomatoes treated are considered safe for 

consumption. 

These findings are in line with those of prior 

studies evaluating indoxacarb and other 

pesticide residues in tomato fruits and other 

vegetable crops (Shalaby et al., 2020; Ibrahim 

et al., 2020; Hunter and Helmy, 2021; Odewale 

et al., 2021; Ibrahim et al., 2022; El-Sheikh et 

al., 2022; El-Sheikh et al., 2023). 

Effect of Indoxacarb Residues on Internal 

Quality Parameters and Trace Elements 

in Tomato Fruits 

Regarding the impact of indoxacarb 

application on internal quality parameters and 

both macro- and micronutrient elements in 

tomato fruits, the following findings were 

observed, as presented in Tables (5–10). 

The application of indoxacarb resulted in 

slight reductions in the concentrations of 

macronutrients (N, P, K, and Ca), with reduction 

percentages ranging between 0.502% and 

4.619%. Similarly, micronutrients (Fe, Mn, and 

Zn) showed decreases ranging from 0.277% to 

1.77%, as illustrated in Tables 5 and 6. The 

concentrations of N, P, and Ca in both treated 

and control samples increased significantly over 

time, suggesting a possible natural accumulation 

during fruit development. In contrast, the levels 

of K, Fe, Mn, and Zn in treated and control 

samples decreased significantly over time. 

These findings suggest that indoxacarb has a 

minor impact on certain internal quality 

parameters. Slight reductions were observed in 

soluble solids and total sugar content, but there 

were no statistically significant changes in major 
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Table 4.  Health risk assessment of indoxacarb on treated tomato fruits 

Time after spraying (days) Residues (mg/kg) EADI HRI Health risk 

Initial 6.88±0.40 1.0148 101.48 Yes 

1 5.05±0.25 0.744875 75.4875 Yes 

3 3.21±0.48 0.473475 47.3475 Yes 

6 2.04±0.10 0.357 35.4 Yes 

9 0.73±0.08 0.107675 10.7675 Yes 

12 0.41±0.04 0.060475 6.0475 Yes 

15 0.013±0.023 0.0019175 0.19175 No 

Initial: One hour after spraying, EADI: Estimated Average daily intake, HRI: Health risk Indices and ADI: Acceptable daily 

intake for indoxacarb was 0.01 mg/kg. 

 

 

 

 

 

Table 5. Effect of indoxacarb on some internal macronutrient elements (N, P, K, and Ca) on 

tomato fruits 

 

Treatments  

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels %Change 

  Nitrogen % 

Control 1.55803 a _ 1.8550 a _ 1.9923 a _ 1.809 a 100.00 

Indoxacarb 1.5173 b 4.619 1.8300 b 1.348 1.9823 b 0.502 1.777 a -1.679 

                          Phosphorus % 

Control 0.4830 a _ 0.6527 a _ 0.7910 a _ 0.6422 a 100.00 

Indoxacarb 0.4777 a 1.097 0.6413 b 1.747 0.7810 b 1.264 0.6333 ab -1.38 

 Potassium% 

Control 2.1010 a - 2.4803 a - 2.5843 a - 2.3886 a 100.00 

Indoxacarb 2.0520 b 2.332 2.4600 b 0.818 2.5437 b 1.571 2.3519 b -1.536 

 Calcium% 

Control 0.4467 a - 0.5900 a - 0.6967 a - 0.5783 a 100.00 

Indoxacarb 0.4433 a 0.761 0.5800 b 1.695 0.6900 a 0.968 0.5710 a -1.262 

Levels with the same letter in each column are not significantly different.



 
796                                                                                  Elkholy, et al.                                                                        

Table 6. Effect of indoxacarb on some internal micronutrient elements (iron, manganese and 

zinc) on tomato fruits 

 

Treatments  

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels Change 

 Iron % 

Control 46.320 a - 36.187 a - 33.987 a - 38.831 a 100.00 

Indoxacarb 46.097 b 0.481 36.123 a 1.77 33.890 a 0.285 38.703 a -0.329 

 Manganese % 

Control 34.467 a - 24.847 a - 22.707 a - 27.340 a 100.00 

Indoxacarb 34.173 b 0.853 24.740 b 0.431 22.603 a 0.458 27.172 b -0.614 

 Zinc % 

Control 17.877 a - 17.497 a - 16.997 a - 17.457 a 100.00 

Indoxacarb 17.737 a 0.783 17.433 a 0.366 16.950 a 0.277 17.373 a -0.481 

Levels with the same letter in each column are not significantly different. 

 

Table 7. Effect of indoxacarb on total sugars and glucose (as quality parameters) on tomato fruits 

 

Treatments  

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels Change 

 Total sugars % 

Control 4.0800 a - 3.3400 a - 3.3700 a - 3.5967 a 100.00 

Indoxacarb 4.0233 a 1.389 3.2700 b 2.096 3.1867 b 5.439 3.4933 a -2.875 

 Glucose% 

Control 21.917 a - 18.947 a - 17.863 a - 19.576 a 100.00 

Indoxacarb 21.823 a 0.429 18.800 a 0.776 17.700 b 0.913 19.441 a -0.689 

Levels with the same letter in each column are not significantly different. 

 

Table 8. Effect of indoxacarb on acidity, total soluble solids and dry weight on tomato fruits 

 

Treatments  

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels Change 

 Acidity% 

Control 2.2767 a - 2.6800 a - 2.3200 a - 2.4256 a 100.00 

Indoxacarb 2.2267 b 2.196 2.6200 ab 2.231 2.2467a 3.159 2.3645 b -2.520 

 Total soluble solids % 

Control 8.8233 a - 8.4667 a - 8.5267 a - 8.605 ab 100.00 

Indoxacarb 7.7367 ab 12.375 7.3800 b 12.835 8.0467 b 5.629 7.7211 b -10.278 

 Dry weight % 

Control 20.730 a - 20.247 a - 18.857 a - 19.944 a 100.00 

Indoxacarb 20.617 a 0.026 20.187 a 0.296 18.643 a 1.135 19.816 a -0.642 

Levels with the same letter in each column are not significantly different.
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Table 9. Effect of indoxacarb on ascorbic acid and beta carotene (as quality parameters) on 

tomato fruits 

 

Treatments 

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels Change 

 Ascorbic acid % 

Control 14.820 a - 15.437 a - 17.000 a - 15.752 a 100.00 

Indoxacarb 14.760 a 0.405 15.337 a 0.648 16.880 a 0.706 15.659 a -0.590 

 Beta carotene 

Control 4.9100 a - 5.1500 a - 5.6900 a - 5.2500 a 100.00 

Indoxacarb 4.8333 a 1.562 5.1133 a 0.713 5.6033 b 1.524 5.1833 a -1.270 

Levels with the same letter in each column are not significantly different. 

 

Table10. Effect of indoxacarb on protein (as quality parameters) on tomato fruits. 

 

Treatments  

Days after treatment General means 

3 6 9 

Levels %Reduction Levels %Reduction Levels %Reduction Levels Change 

 Protein 

Control 9.8771 a - 11.594 a - 12.452 a - 11.3680 a 100.00 

Indoxacarb 9.4833 b 4.094 11.438 b 1.346 12.390 b 0.498 11.1030 a -1.813 

Levels with the same letter in each column are not significantly different. 

 

nutritional indicators such as protein, ascorbic 

acid, or beta-carotene. This limited impact may 

be attributed to the rapid degradation of 

indoxacarb residues and the relatively low 

application rate used. These results are 

consistent with previous studies (Malhat et al., 

2014; Darko and Akoto, 2008), which also 

reported minimal changes in fruit quality 

following insecticide application, with all 

parameters remaining within acceptable limits 

for human consumption. 

The current findings are in agreement with 

those reported by Shalaby and Gad (2016), 

Shalaby (2017), Rodrigues et al. (2017), 

Abrokwah et al. (2019), Salem (2020), Amin et 

al. (2022), Mhya et al. (2024) and Abdelfatah 

et al. (2024), who confirmed that insecticides 

such as indoxacarb have limited effects on fruit 

nutritional quality when applied according to 

recommended guidelines. 

Conclusion 

This study provides essential data on 

indoxacarb residues in tomatoes under Egyptian 

field conditions. The results underscore the 

importance of respecting appropriate pre-harvest 

intervals to ensure food safety. Moreover, 

proper washing of tomato fruits prior to 

consumption is recommended as an effective 

step to reduce insecticide residues and 

associated health risks. The findings also 

indicate that indoxacarb residues can affect 

certain fruit quality attributes and alter levels of 

trace and essential nutrients, particularly at the 

mature stage. Therefore, careful management of 

insecticide application is crucial. Overall, the 

study highlights the need for strict regulatory 

control and routine monitoring of insecticide 

residues in food commodities to protect 

consumer health and support safe agricultural 

practices.
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، وتقييم المخاطر الصحية وطرق ازالتها مصير متبقيات مبيد الإندوكساكارب في ثمار الطماطم،

 البيوكيميائية وتأثيراتها المرتبطة بها

 1محمود محمد رمضان -  2رانيا محمد عبدالحميد - 1عطا علي شلبي - 1إيمان سليمان الخولي

 .، مصر44511معة الزقازيق، الزقازيق قسم وقاية النبات، كلية الزراعة، جا -1

قسم متبقيات المبيدات والتلوث البيئي،، المعميا المركيزل للمبييدات الزراعيية، مركيز البزيوث الزراعيية، اليدق،، ال ييز   -2

 .، مصر12618

، وييلو  (Tunchii 15% SC)تيم ججيرات ت يارق يقليية علير اميار اللمياسم لدرايية متبقييات مبييد اب دوكسياكارق 

في، قريية  2023له، وكفات  جزالته، وتقيييم الماياسر الصيزية، والتياايرات البيوكيميا يية، ولاليم سي ا موييم الميتات لعيا  تزل

، 3، 1تم جمع العينات ف، فترات زمنية متعدد : بعد ياعة وايد  من الرش، ام بعد . ميت القرش،، بمزافظة الدقهلية، مصر

لايتا ص المتبقييات وتنقيتهيا، ايم تزليلهيا   (QuEChERS)كاتمرزدمت سريقة ايتاُ .يومًا من المعاملة 15، و12، 9، 6

بتدا يية . أظهيرت النتيا ا اك كميية متبقي، اب دوكسياكارق اب (HPLC)بايتادا  جهاز الكروماتوجرافيا السا لة عاليية اددات

ييو ، بينميا تيم  1.965لمياد  بي  ل (½t) مل م/ك م، وا افضت تيدري يًا ميع ميرور الوقيت. وقيد تيم تقيدير  صي  العمير 6.88

اللمياسم ة صلصيهتميا ، أ يه ليم تكُتمي  أل متبقييات في، ومين المييير لإ .يومًيا 12بي   (PHI) تزدييد فتير  ميا قبيا الزصياد

كمييا أك لسييا اللميياسم بمييات الصيينبور، ويميي   %.100ميين اليمييار الملوايية، ممييا يييدا عليير جزاليية كامليية بنسييبة  ةالمصيينع

% علير 44.66%، و34.58%، 28.84دقا ق أدى جلر  سب جزالة بلغت  5% لمد  5ت الصوديو  %، وكربو ا5ادييتيم 

يومًا من المعاملة، جلا أك تزويا اليميار  15مؤشر الالر الصز، جلر أك اللماسم يمكن ايته كها باماك بعد  ظهرأ .التوال،

وقد لويظت ا افاضات سفيفة في، بعي   .اقصر يته   ف، وقتمن هذه الفتر  وي علها آمنة لإيقلا يمكن أك صلصة جلر 

ن مؤشرات ال ود  ميا السكريات الكلية وبع  المعادك، ف، يين لم تتاار العناصر الغذا ية اديايية ميا البروتين، وفيتيامي

Cكاروتين بمكا ملزوظ-، والبيتا. 

 ،كاتميرز ،(PHI)  فتير  ميا قبيا الزصياد، تقييم المااسر، التزلم، متبقيات مبيدات،  دوكساكارقابلإسترشادية: الكلمات ا

 .لماسمال
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