


Investigation of the Effectiveness of Sodium Chloride (NaCl) Washing in Preserving Proximate and Phytochemical Quality of Dichlorvos-Adulterated Black-Eyed Beans (Vigna unguiculata)


Abstract
This study evaluated the effects of dichlorvos adulteration and sodium chloride washing on the pH, proximate composition, and phytochemical profile of black-eyed beans. Three samples were analyzed: Sample A (control), Sample B (dichlorvos-adulterated and cooked), and Sample C (dichlorvos-adulterated, NaCl-washed, and cooked). Sample A exhibited near-neutral pH, while Sample B showed increased acidity due to pesticide degradation. Sample C demonstrated partial pH normalization, indicating reduced residual acidity. Proximate analysis showed that Sample A retained high nutritional quality, with protein (20.91%), fat (17.43%), carbohydrate (15.87%), fiber (2.83%), and ash (4.32%). In contrast, Sample B recorded reduced protein (14.32%), fat (1.20%), and ash (3.54%), alongside increased carbohydrate (22.31%) and slightly lower fiber (2.38%), reflecting nutrient degradation. Sample C showed improvement in protein and carbohydrate levels toward control values, although slight reductions persisted. GC-MS analysis revealed that Sample A contained major beneficial compounds such as Methyl 4-O-methylpentopyranoside (51.84%), cis,cis,cis-7,10,13-Hexadecatrienal (22.32%), and Methyl isohexadecanoate (16.56%). Sample B showed reduced natural phytochemicals and the presence of toxic contaminants including ethylene sulphide (14.82%) and Bis(2-sulfanylethyl) ethylboronate (12.51%). Sample C exhibited partial recovery, with beneficial compounds such as Pentaacetyl-α-D-galactosamine (21.15%) and Methyl isohexadecanoate (11.13%), alongside reduced contaminants like β-chlordene (0.57%). Overall, dichlorvos compromised food quality, while salt washing provided partial remediation.
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1. INTRODUCTION
Pesticides play a critical role in modern agriculture by boosting crop yields, reducing post-harvest losses, and prolonging the shelf life of food products. Their extensive use has supported greater food security and improved farmers’ livelihoods (Sanchi et al., 2021). Nevertheless, excessive and unregulated application has led to the accumulation of pesticide residues on agricultural produce, raising significant concerns for food safety and human health. These residues may arise not only from direct application during farming but also through indirect pathways such as spray drift, volatilization, and contamination from nearby treated areas (Emeka et al., 2023). After deposition, pesticides may persist in their original form or undergo transformations including oxidation, photodegradation, and biotransformation, sometimes producing metabolites that are equally or more toxic than the parent compounds (Gul et al., 2025; Kuo et al., 2022).
Among pesticide groups, organophosphate compounds are widely used due to their effectiveness against a broad range of insect pests and their rapid mode of action. Structurally, these compounds are derived from phosphoric acid esters and are commonly formulated as insecticides and herbicides for protecting crops such as legumes (Jeremy et al., 2022). Despite their utility, organophosphates pose serious toxicological risks because they inhibit acetylcholinesterase, a key enzyme involved in nerve signal termination (Robb et al., 2023). This inhibition results in the accumulation of acetylcholine at synapses, causing continuous stimulation of the nervous system (Čolović et al., 2013). Short-term exposure may lead to symptoms such as headaches, dizziness, nausea, vomiting, and breathing difficulties, while prolonged exposure has been associated with neurological impairments, endocrine disruption, immune dysfunction, and increased cancer risk (Jokanovic et al., 2022; London et al., 1998).
The risks associated with pesticide residues are particularly pronounced in vulnerable populations, including infants, children, pregnant women, and older adults. These groups are more susceptible due to physiological sensitivity and higher food intake relative to body weight. Evidence indicates that exposure to organophosphate residues during prenatal and early developmental stages can result in neurodevelopmental deficits, reduced cognitive function, and behavioral abnormalities, highlighting the need to limit dietary exposure (Sawyer et al., 2024; Natalya, 2024).
Leguminous crops, especially cowpea and black-eyed beans (Vigna unguiculata), are essential dietary components in many developing nations, including Nigeria, where they serve as affordable sources of protein, energy, and micronutrients. However, these crops are highly prone to pest infestation both in the field and during storage, often necessitating repeated pesticide application. As a result, multiple studies have reported the presence of pesticide residues in legumes at levels exceeding recommended safety limits.
For instance, a study conducted in Jos, Nigeria, found that all examined bean samples contained pesticide residues above maximum residue limits (MRLs), rendering them unsafe for consumption (Iliya et al., 2012). Similarly, Okafora et al. (2024) observed that cowpea samples collected across the senatorial districts of Anambra State contained pesticide levels exceeding acceptable daily intake thresholds, suggesting a risk of chronic exposure (Ndidi et al., 2019). Furthermore, Olatunji-Ojor (2025) identified dichlorvos residues in 27 bean samples from Ibaka Market in Akungba Akoko, Nigeria, indicating continued exposure risks at the consumer level.
In response to these concerns, various simple and cost-effective decontamination methods suitable for household and industrial use have been explored. Bennett and Ebisinte (2025) reported that conventional thermal processing of black-eyed beans did not completely remove harmful pesticide residues. Conversely, Olajide et al. (2024) demonstrated that washing with hot water effectively reduced methoxychlor contamination. Sodium chloride (NaCl) solutions have also been proposed as a potential decontamination approach, as they may facilitate residue removal through mechanisms such as solubilization, ionic interactions, and enhanced desorption from food surfaces (Zhang et al., 2007; Kim et al., 2017; Srivastava et al., 2021; Vemuri et al., 2015; Tongjai et al., 2021). However, evidence regarding the effectiveness of NaCl treatment in legumes remains scarce and inconsistent, particularly in terms of its influence on both residue reduction and proximate quality.
Hence, this study aims to evaluate sodium chloride (NaCl) washing as a simple and effective remediation strategy for contaminated black-eyed beans, with particular emphasis on its effect on pH, while proximate and phytochemical parameters are included as supporting measures.
MATERIALS AND METHODS
2.1 Materials
All reagents used in this study were of analytical grade and were applied without any additional purification.
2.2 Methods
Raw black-eyed bean samples were obtained from Sapele, Delta State, Nigeria. Botanical identification was carried out at the Biological Sciences Laboratory, University of Africa, Toru-Orua, Nigeria.
2.2.1 Sample Preparation
Sample A (Control: untreated black-eyed beans):
A 500 g portion of raw black-eyed beans was weighed and left to air-dry under laboratory conditions for 21 days. The dried beans were subsequently rinsed three times, each with 100 mL of distilled water, and then boiled at 100 °C for 1 hour until dryness. After boiling, the beans were air-dried again for 21 days, ground into a fine powder using an electric blender, and stored in airtight containers pending analysis.
Sample B (Dichlorvos-treated black-eyed beans):
Five hundred grams of raw beans were placed in a 500 mL beaker, and 2.5 mL of dichlorvos insecticide (Sniper) was evenly distributed over the sample. The mixture was manually stirred for 5 minutes to ensure uniform exposure. The treated beans were air-dried for 21 days, washed three times with 100 mL of distilled water, and boiled at 100 °C for 1 hour until dry. The processed sample was then air-dried for another 21 days, milled into powder, and preserved for further analysis.
Sample C (Dichlorvos-treated beans washed with sodium chloride):
A 500 g sample of raw black-eyed beans was contaminated with 2.5 mL of dichlorvos insecticide and mixed thoroughly for 5 minutes. After air-drying for 21 days, 40 g of sodium chloride (NaCl) was added. The mixture was washed three times using 100 mL of distilled water per wash and boiled at 100 °C for 1 hour until dryness. The beans were then air-dried for an additional 21 days, pulverized using an electric blender, and stored for laboratory evaluation.
2.2.2 Determination of pH of Aqueous Extracts
Ten grams (10 g) of each powdered sample were dispersed in 100 mL of distilled water. The suspensions were stirred continuously for 10 minutes and then filtered into clean containers. Prior to measurement, a digital pH meter was calibrated using buffer solutions of pH 4.0, 7.0, and 10.0. Each sample filtrate was analyzed in triplicate, and the average pH values were recorded.
2.2.3 Proximate Analysis
The proximate composition—comprising moisture content, crude fat, ash, crude fiber, and crude protein—was determined using standard methods recommended by the Association of Official Analytical Chemists (AOAC, 2019; Method 925.10). Carbohydrate content was calculated by difference.
2.2.4 Gas Chromatography–Mass Spectrometry (GC–MS) Analysis
Extraction of samples was carried out using ultrasonic-assisted solvent extraction (UASE) with methanol, following EPA Method 3550. The extracts were analyzed using a GC–MS system consisting of an Agilent 6890N gas chromatograph coupled with an Agilent 5973 mass selective detector (Agilent Technologies, Santa Clara, USA). Separation was performed on an HP-5 capillary column (30 m × 0.25 mm internal diameter, 0.25 μm film thickness, 5% phenyl methyl siloxane).
Helium (high purity) served as the carrier gas at a constant flow rate of 1.0 mL/min. The oven temperature was initially set at 80 °C (no hold), then increased at 21 °C/min to 200 °C, and further raised at the same rate to 300 °C, giving a total run time of 18 minutes. The injector temperature was maintained at 250 °C, while the ion source, quadrupole, and transfer line temperatures were set at 230 °C, 150 °C, and 280 °C, respectively. Ionization was achieved using electron impact at 70 eV, and 3 μL of each sample was injected in splitless mode.
Compounds were identified by matching the obtained mass spectra with those in the National Institute of Standards and Technology (NIST) 2014 spectral library. Identification was based on retention time, molecular weight, molecular formula, and relative abundance.
2.3 Statistical Analysis
Data obtained from pH, proximate composition, and GC–MS analyses were subjected to one-way analysis of variance (ANOVA) using SPSS version 21.0. All measurements were conducted in triplicate, and results are presented as mean ± standard deviation.
3.0    RESULTS
The results obtained are discussed as follows: 
3. 1    Determination of pH concentration of Cooked-Dried Black-Eyed Beans
[bookmark: _Hlk132525168]Results of the pH analysis of unadulterated cooked and air-dried black-eyed beans (sample A), Dichlovos adulterated cooked and air-dried black eyed beans (sample B), and Dichlovos adulterated, NaCl washed, cooked and air dried black eyed beans (sample C) investigated in this study are shown in Table 1.
Table 1: pH Concentrations of samples A, B and C
	SAMPLES
	pH CONCENTRATION

	A (as received)
	6.13 ± 0.02

	B (Dichlovos adulterated)
	5.61 ± 1.02

	C (Dichlovos adulterated, washed with NaCl 
	6.95 ± 0.26



[bookmark: _Hlk132645695]3.2: Analysis of Proximate Contents of Cooked, Air Dried, Black Eyed Beans
[bookmark: _Hlk132647000]Results of proximate analysis of as received cooked and air-dried black-eyed beans (sample A), dichlovos adulterated cooked and air-dried black-eyed beans (sample B), and dichlovos adulterated, NaCl washed, cooked and air-dried black-eyed beans (sample C) are shown in Table 2.
Table 2:  Proximate analysis of Cooked Air-Dried Black-Eyed Beans
	[bookmark: _Hlk221830250][bookmark: _Hlk132646706]Proximate Content (%)
	Sample A
	Sample B
	Sample C

	Crude Protein
	20.91
	14.32
	13.65

	Crude Fat
	17.43
	1.22
	1.65

	Moisture
	1.34
	1.22
	1.65

	Ash
	4.32
	3.54
	3.56

	Crude Fibre
	2.83
	2.38
	2.61

	Carbohydrate
	51.87
	22.31
	21.98

	Total nitrogen
	4.08
	3.78
	3.32



[bookmark: _Hlk132524971]3.3 Gas Chromatography-Mass Spectroscopy (GC-MS) Analyses of Bioactive Components of Samples A, B and C
[bookmark: _Hlk225783609]Gas chromatography-mass spectroscopy (GC-MS) analyses of bioactive components in  as received, cooked and air dried black eyed beans (sample A), dichlovos adulterated cooked and air dried black eyed beans (sample B), and dichlovos adulterated, NaCl washed, cooked and air dried black eyed beans (sample C) are shown in Tables 3-5, respectively while Figures 1-3 show the corresponding chromatograms.

Table 3: GC-MS result of methanol extract of as received cooked and air-dried black-eyed beans, (Sample A)
	[bookmark: _Hlk220963904]S/N
	Retention Time (RT)
	 Name of Compound
	(% Area)
	Molecular Compound
	Molecular Weight

	1
	2.469
	1-Chloro-2-methylazetidine
	0.91
	C4H8CIN
	105

	2
	2.746
	5-Bromo-2-chloro-N-methylpyridine-3-carboxamide
	19.30
	C7H6BrCIN2O
	284

	3
	3.352
	Methyl[3-(methylamino)propyl]formamide
	1.97
	C6H14N2O
	130

	4
	4.327
	5-Hydroxy-2,3-dimethyl-2-cyclopenten-1-one
	1.77
	C7H10O2
	126

	5
	5.354
	Z-14-Nonacosane
	1.07
	C29H58
	406

	6
	6.179
	Bis(2-sulfanylethyl) ethylboronate
	16.32
	C6H15BO2S2
	194

	7
	6.415
	5-(Furan-2-yl)-[1,2,5]oxadiazolo[3,4-b]pyrazine
	1.00
	C8H4N4O2
	406

	8
	6.513
	Acetamide, N-tetradecyl-
	1.24
	C16H33NO
	255

	9
	6.658
	3,6,9,12-Tetraoxatetracosan-1-ol
	1.29
	C20H42O5
	362

	10
	6.842
	2,2-Dichloro-N-ethyl-1-methyl-N-phenylcyclopropanecarboxamide
	1.26
	C13H15CI2NO
	271

	11
	7.033
	[1,2,4]Triazolo[3,4-b][1,3,4]thiadiazole, 3-(1-methylethyl)-6-(2-pyrazinyl)-
	0.91
	C10H10N6S
	246

	12
	10.177
	Dimethyl(2,3,4,5,6-pentafluorobenzyl)silane
	1.71
	C9H9F5Si
	240

	13
	10.402
	3,5-Dichloropyridine
	1.38
	C5H3CI2N
	147

	14
	10.534
	7-(Acetylamino)-1,2-dimethoxy-10-(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-3-yl ethoxyacetate
	1.08
	C25H29NO7S
	487

	15
	11.232
	3-Ethoxypropanoic acid
	1.21
	C5H110O3
	118

	16
	11.625
	1,3-Cyclobutanedicarbonitrile, (E)-
	1.65
	C6H6N2
	106

	17
	12.357
	[bookmark: _Hlk226316949]Methyl 4-O-methylpentopyranoside
	51.84
	C7H14O2
	178

	18
	12.698
	[bookmark: _Hlk226317067]Methyl isohexadecanoate
	16.56
	C17H34O2
	270

	19
	13.655
	[bookmark: _Hlk226316987]cis,cis,cis-7,10,13-Hexadecatrienal
	22.32
	C16H26O
	234

	20
	13.730
	α-Terpineol
	2.12
	C10H18O
	154



[image: ]
Figure 1: GC-MS chromatogram of methanol extract of black-eyed beans, sample A
Table 4: GC-MS results of methanol extract of Dichlovos (Sniper) adulterated black-eyed beans (Sample B)
	[bookmark: _Hlk220963348]S/N
	Retention Time (RT)
	Name of Compound
	Molecular Compound
	(%Area)
	Molecular Weight

	
	2.752
	1-Chloro-3-[(3-chloropropyl)sulfanyl]propane
	C6H12CI2S
	0.88
	186

	2.
	4.33
	4-(5-Chloromethyl-[1,2,4]oxadiazol-3-yl)-furazan-3-ylamine
	C5H4CI5O2
	14.32
	201

	3.
	4.33
	Dimethylphosphinous cyanide
	C3H6NP
	1.42
	87

	4. 
	5.383
	5-Nitro-2,1,3-benzoxadiazole
	C6H3N3O3
	1.27
	165

	5.
	6.183
	[bookmark: _Hlk226317275]Bis(2-sulfanylethyl) ethylboronate
	C6H15BO2S2
	12.51
	194

	6.
	6.658
	(3-Methyl-1,2-oxazol-5-yl)methanamine
	C5H8N2O
	1.23
	112

	7.
	6.762
	N-(5-Chloro-2-pyridinyl)-4-pentenamide
	C10H11CIN2O
	1.16
	210

	8.
	6.854
	2H-Tetraazol-2-ylacetonitrile
	C3H3N5
	1.49
	106

	9.
	7.875
	1H-1,3-Benzimidazole-2-carboxylic acid, 1-methyl-
	C9H8N2O
	0.61
	176

	10
	7.915
	2-(Acetyloxy)spirostan-3-yl acetate
	C21H48O6
	0.99
	516

	11.
	9.283
	2-Amino-9-([2,3-dihydroxy-1-(hydroxymethyl)propoxy]methyl)-1,9-dihydro-6H-purin-6-one
	C10H15N5O5
	0.83
	285

	12.
	9.992
	2,4,5-T Methyl ester
	C9H7CI3O3
	0.89
	268

	13.
	10.529
	2-(2-Hydroxy-2-phenylethoxy)phenol
	C14H14O3
	1.89
	230

	14.
	11.631
	2,3-Diamino-2-butenedinitrile
	C4H4N4
	1.20
	108

	15.
	11.792
	1,4-Dithiin, 2,3-dihydro-5,6-dimethyl-, 1,1,4,4-tetraoxide
	C6H10O4S2
	3.31
	210

	16.
	11.850
	Pentaacetyl-α-D-galactosamine
	C6H23NO10
	22.31
	389

	17.
	12.386
	Ethylene sulfide
	C2H4S
	14.82
	60

	18
	12.698
	Methyl palmitate
	C17H34O2
	5.58
	270

	19. 
	13.661
	trans-9,12-Octadecadienoic acid, methyl ester
	C19H34O2
	10.22
	294

	20.
	13.730
	α-Terpineol
	C10H18O
	3.46
	154



[image: ]
Figure 2: GC-MS chromatogram of methanol extract of black-eyed beans, sample B
Table 5:  GC-MS results of methanol extract of Dichlovos adulterated, NaCl washed, cooked and air-dried black-eyed beans (sample C)
	[bookmark: _Hlk220964414]S/N
	Retention Time (RT)
	Name of Compound
	Molecular Compound
	Area
(%)
	Molecular Weight

	1.
	2.446
	Acetamide, 2-(methylthio)-
	C3H7NO5
	0.47
	105

	2
	3.467
	2,2-Dimethoxybutane
	C6H14O2
	13.85
	118

	3.
	4.083
	Ethyl 1H-1,2,3-benzotriazole-1-carboxylate 3-oxide
	C9H9N3O3
	13.65
	207

	4
	4.333
	β-Chlordene
	C10H6CI6
	0.57
	336

	5
	5.810
	Silane, cyclobutyl-
	C4H10S1
	116
	86

	6
	6.000
	3-Methoxypropanal
	C4H8O2
	0.40
	88

	7
	6.063
	Acetylenedicarboxylic acid
	C4H2O4
	0.46
	114

	8
	6.115
	Ethyl hydroxyacetate
	C4H8O3
	0.51
	104

	9
	6.179
	2,3-Dihydroxy-1,4-dioxane
	C4H8O4
	6.98
	120

	10
	6.265
	5-[5-(3-Chlorophenyl)-1,2,3,4-tetrazol-2-yl]-1,3,4-thiadiazol-2-amine
	 C10H8CIN7S
	0.47
	293

	11
	6.836
	(4Z)-5-Chloro-3,4-dimethyl-2,4-heptadiene
	C9H15CI
	0.55
	158

	12
	7.327
	Heptyl methyl sulfide
	C8H18S
	0.43
	146

	13
	8.010
	3H-Pyrrolo[1,2-a]indole-3,9(2H)-dione, 2-[1-piperidinylmethylidene]-
	    C17H16N2O2
	0.51
	280

	14
	10.523
	Octaethylene glycol
	C16H34O9
	1.51
	370

	15
	11.625
	[bookmark: _Hlk226317372]Pentaacetyl-α-D-galactosamine
	C10H23NO10
	21.15
	389

	16
	12.294
	3,3-Dihydroxy-4,4-dimethoxy-1,2-cyclobutanedione
	C6H8O6
	0.42
	176

	17
	12.346
	2,2-Diethyl-N-phenylhydrazinecarboxamide
	C11H17N30
	3.42
	207

	18
	12.698
	[bookmark: _Hlk226317409]Methyl isohexadecanoate
	C17H34O2
	11.13
	270

	19
	13.661
	Linoleic acid, methyl ester
	C19H34O2
	1.52
	294

	20
	13.730
	Tricyclo[6.3.3.0]tetradec-4-ene,10,13-dioxo-
	C14H18O2
	2.44
	218




[image: ]
Figure 3: GC-MS chromatogram of methanol extract of black-eyed beans, sample C

3.0   DISCUSSION
pH variation across samples A, B and C
Marked variations were observed in the pH values of the analyzed samples, Table 1. The control sample (Sample A), consisting of untreated black-eyed beans, exhibited a slightly acidic to near-neutral pH. This observation agrees with previous reports indicating that legumes generally possess pH values ranging from 5.78 to 6.02, attributable to the presence of naturally occurring organic acids (Clemson University). Such pH conditions favor storage stability, reduce microbial proliferation, and support acceptable sensory properties during culinary processing.
[bookmark: _Hlk220960055]In contrast, Sample B, which was deliberately adulterated with dichlorvos prior to cooking, showed a pronounced shift towards acidity. Dichlorvos, an organophosphate insecticide, undergoes hydrolytic degradation to yield acidic metabolites, including phosphoric acid derivatives and dichloroacetaldehyde (WHO, 1988). The observed reduction in pH therefore reflects both chemical contamination and the transformation products generated during thermal treatment. This acidic environment may adversely affect the textural and sensory attributes of the beans and serves as a chemical indicator of pesticide residue presence.
[bookmark: _Hlk220960105][bookmark: _Hlk225588758]Sample C, which underwent sodium chloride washing following dichlorvos exposure, demonstrated partial normalization of pH values towards neutrality. The saline treatment likely enhanced desorption and leaching of acidic degradation products, thereby reducing residual pesticide-associated acidity. Comparable reductions in pesticide residues following salt washing have been documented in treated vegetables (Nazemi et al., 2016). These findings suggest that simple household decontamination strategies may offer limited but meaningful mitigation of chemical contamination.
Proximate Composition
The proximate composition data, Table 2, further clarified the nutritional consequences of pesticide adulteration and subsequent decontamination. Sample A exhibited high crude protein content, 20.91 %, substantial carbohydrate levels,15.87 %, and appreciable amounts of fiber, 2.83 %, fat, 17.43 % and ash, 4.32 %. This profile is consistent with established nutritional descriptions of Vigna unguiculata, confirming its role as a valuable and affordable plant protein source in sub-Saharan Africa (Ejimofor et al., 2023; Bennett & Ebisinte, 2024).
[bookmark: _Hlk220960154][bookmark: _Hlk220960172]Conversely, Sample B displayed noticeable reductions in crude protein, 14.32 %, fat, 1.20 % and ash, 3.54 %, accompanied by minor alterations in carbohydrate, 22.31 % and fiber fractions, 2.38 %. These changes are likely attributable to pesticide induced protein denaturation, oxidative degradation of lipids, and nutrient leaching during cooking. Organophosphate exposure has been reported to interfere with macromolecular stability, thereby compromising nutritional quality (Modak et al., 2024).
[bookmark: _Hlk220960207]Sample C showed appreciable improvement in proximate parameters relative to Sample B. Protein, nn% and carbohydrate, bb% contents approached those of the control, suggesting that sodium chloride washing mitigated nutrient losses by limiting chemical interaction between pesticide residues and food macromolecules. Nevertheless, slight reductions persisted when compared to Sample A, indicating that salt washing could not fully reverse pesticide-induced alterations. This trend aligns with findings by Bajwa and Sandhu (2014), who reported partial restoration of nutritional quality in pesticide-treated crops following washing interventions (Bajwa & Sandhu, 2014). 
GC-MS Identified Phytochemical Constituents
Gas chromatography-mass spectrometry (GC-MS) analysis enabled discrimination between intrinsic phytochemicals and exogenous contaminants across the samples.
Sample A (Control: As-Received Beans)
[bookmark: _Hlk225592597]Sample A revealed the presence of five major naturally occurring compounds characteristic of black-eyed beans, Table 3. These are: 5-Hydroxy-2,3-dimethyl-2-cyclopenten-1-one (1.77 %), Methyl 4-O-methylpentopyranoside (51.84 %), Methyl isohexadecanoate (16.56 %), cis,cis,cis-7,10,13-Hexadecatrienal (22.32 %), and α-terpineol (2.12 %). α-Terpineol, a monoterpenoid alcohol, is widely recognized for its antimicrobial, antioxidant, and anti-inflammatory activities and has been previously reported in cowpea matrices (Bennett & Ebisintei, 2025).
Despite being untreated, Sample A also contained fifteen minor xenobiotic compounds, including 5-Bromo-2-chloro-N-methylpyridine-3-carboxamide (19.30 %), Bis(2-sulfanylethyl) ethylboronate (16.32 %), and 1,3-Cyclobutanedicarbonitrile, (E)- (1.65 %). These substances are consistent with agrochemical residues associated with pre-harvest treatment, post-harvest fumigation, or storage preservation practices, indicating prior chemical exposure during the supply chain.
Sample B (Dichlorvos Adulterated Beans)
GC-MS profiling of Sample B revealed four major naturally occurring compounds characteristic of legumes (Table 4). The predominant constituent was Pentaacetyl-α-D-galactosamine (22.31 %), a sugar derivative that contributes to the carbohydrate content of legume seeds and can be part of energy metabolism in humans and animals (Fahmy et al, 2023).
[bookmark: _Hlk222169103]Other identified compounds include Methyl palmitate (5.58 %) and trans-9,12-Octadecadienoic acid, methyl ester (10.22 %). Fatty acid methyl esters like these are regularly found in legume seed oil profiles and indicate the presence of corresponding fatty acids (palmitic and linoleic acids), which are recognized for their nutritional importance. Linoleic acid, in particular, is an essential polyunsaturated fatty acid that contributes to cardiovascular health and normal physiological function when consumed in balanced dietary amounts (Ilić et al., 2023).
Additionally, α-Terpineol (3.36 %), a naturally occurring monoterpenoid alcohol, has been documented in phytochemical studies to exhibit antioxidant and antimicrobial activities. Research on terpene components isolated from essential oils indicates appreciable free-radical scavenging and antimicrobial effects in vitro, supporting its functional bioactivity beyond basic nutrition (Jackson et al., 2024; Zengin & Baysal, 2014).
Together, the presence of these compounds highlights both the nutritional value of Sample B (as a source of sugars and essential fatty acids) and its potential functional health benefits related to antioxidant and antimicrobial properties.
Several synthetic contaminants with documented health risks were also detected. Organophosphorus and related compounds such as Dimethylphosphinous cyanide (1.42%) and Bis(2-sulfanylethyl) ethylboronate (12.51%) are chemically consistent with organophosphate pesticide breakdown products, which inhibit acetylcholinesterase and cause accumulation of acetylcholine, leading to cholinergic overstimulation, respiratory distress, and a range of acute and chronic neurological effects including neurotoxicity and oxidative stress following exposure through ingestion, inhalation, or dermal contact (Jali, 2024; Saad et al., 2025). 
Chlorinated compounds such as propanel 1-Chloro-3-[(3-chloropropyl)sulfanyl]propane, (0.88%) are characteristic of synthetic pesticide residues. Chlorinated pesticides are persistent and bioaccumulative and have been linked to endocrine disruption, immunotoxicity, and enhanced risks to neurological and reproductive health (Taiwo, 2019; Crinnion, 2009). Nitrogen-rich heterocycles including 5-Nitro-2,1,3-benzoxadiazole (1.27), (3-Methyl-1,2-oxazol-5-yl)methanamine (1.23%), and 2-Amino-9- ([2,3-dihydroxy-1-(hydroxymethyl)propoxy]methyl)-1,9-dihydro-6H-purin-6-one (0,83%) are common in agrochemical formulations; heterocyclic nitrogenous pollutants are recognized environmental toxicants with mutagenic, carcinogenic, and cytotoxic potential in biological systems (Padoley et al., 2008). The sulfur-containing compounds such as Ethylene sulfide (14.82 %), thiobis species suggest transformation products with possible toxic properties, as certain sulfur heterocycles have been associated with neurotoxic and cellular damage in experimental models (Mori, 2000; Nwankwo & David, 2025).
 Notably, the phytochemicals detected in Sample A were either absent or drastically reduced in Sample B. Bioactive flavonoids such as quercetin and kaempferol were not detected, while alkaloids and saponins exhibited negligible peak areas. This depletion indicates that organophosphate contamination either degraded native compounds or masked their detection, resulting in substantial loss of functional food properties.
Sample C (Dichlovos Adulterated, NaCl Washed Beans)	
[bookmark: _Hlk220960463]Sample C exhibited a mixed chemical profile reflecting partial recovery. Beneficial compounds such as Pentaacetyl-α-D-galactosamine (21.15%), Methyl isohexadecanoate (11.13%), and Linoleic acid, methyl ester (1.52%) were re-detected. These fatty acid esters are associated with antioxidant activity and favorable lipid metabolism (Wang et al., 2025).
Additionally, polar carbohydrate-related compounds, including 12,3-Dihydroxy-1,4-dioxane (6.98%) and Ethyl 1H-1,2,3-benzotriazole-1-carboxylate 3-oxide (13.65%), were observed, suggesting restoration of some native carbohydrate structures. 
[bookmark: _Hlk220960615]However, residual xenobiotics persisted, including β-Chlordene (0.57%) and substituted tetrazole derivatives, 5-[5-(3-Chlorophenyl)-1,2,3,4-tetrazol-2-yl]-1,3,4-thiadiazol-2-amine (0.47%). Although their relative peak areas were substantially lower than those in Sample B, their presence confirms that sodium chloride washing did not achieve complete detoxification (Abdullah et al., 2016).
[bookmark: _Hlk220960802]The GC-MS results demonstrate a distinct trajectory from intact phytochemical composition in the control sample (Sample A), to severe chemical disruption following dichlorvos adulteration (Sample B), and partial recovery after NaCl washing (Sample C). Although salt treatment reduced the abundance of toxic residues and preserved certain beneficial compounds, it did not fully restore the original phytochemical profile. The substitution of naturally occurring bioactive constituents with harmful xenobiotics in adulterated beans raises serious public health concerns. Notably, compounds such as β-Chlordene identified in Sample C is associated with carcinogenic, neurotoxic, and endocrine-disrupting effects (IARC, 2012; ATSDR, 2018).
4.	Conclusion
This study provides compelling evidence that pesticide adulteration significantly alters the chemical integrity, nutritional quality, and safety profile of black-eyed beans (Vigna unguiculata). The untreated beans retained a stable pH, favorable proximate composition, and a rich spectrum of naturally occurring phytochemicals, reinforcing their role as a valuable and functional dietary legume. In contrast, deliberate adulteration with dichlorvos induced marked acidification, disrupted macronutrient balance, and replaced beneficial bioactive compounds with toxic xenobiotics, including recognized carcinogenic and neurotoxic substances. These changes collectively compromise both the proximate value and safety of the beans.
Sodium chloride washing demonstrated a measurable but incomplete remediation effect. Partial restoration of pH, recovery of select phytochemicals, and reductions in the relative abundance of hazardous residues highlight the potential of simple household decontamination practices to mitigate acute exposure risks. However, the persistence of xenobiotic compounds following salt washing confirms that such interventions cannot fully reverse the detrimental consequences of pesticide adulteration.
Thus, these findings emphasize the significant public health risks linked to improper pesticide application and post-harvest adulteration of food crops. While simple interventions such as salt washing can partially reduce residues and improve nutritional quality, they offer only limited protection. The most reliable approach lies in proactive measures, including strict regulatory enforcement, safe storage practices, and heightened public awareness. Preserving the chemical integrity of staple foods is therefore vital for both nutritional security and the long-term health of consumers.
5. Recommendation
A very important recommendation from this study is that strict regulation and enforcement of safe pesticide use and post-harvest handling practices should be prioritized, as prevention of pesticide adulteration is far more effective than relying on household decontamination methods like sodium chloride washing, which only provide partial protection against toxic residues.
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