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Abstract 

Three multi-residue extraction approaches viz. Luke’s, Mill’s and modified Mills approaches were 

evaluated for their efficiency to extract 50 multiclass pesticides from isabgol seed and psyllum husk. The 

above approaches were primarily screened by recording their effectively to extract 16 OP pesticides from 

isabgol seeds. Analytical approaches which are having more pesticides with total error (≤50) were 

subjected to subsequent cleanup step. The Luke’s extraction approach found unfit for isabgol seeds due 

to lump formation and poor recovery. Mills and modified Mills approach were tried for their efficacy and 

found both were suitable for multiclass residue analysis from isabgol seeds. But, later approach was more 

efficient as 14 out of 16 OPs pesticides fall under accurate extraction category with respect to Mills 

approach where that was only 2. Modified Mills approach was further tested for GC-ECD amenable 

pesticide after florisil cleanup in isabgol seed and psyllum husk. This approach proved to be accurate 

extraction techniques for 34and 44 out of 50 pesticides from isabgol seeds and psyllum husk, 

respectively. 

 

Keywords: Isabgol seeds, Luke’s method, mills method, pysllum husk, total error 

 

Introduction 

Isabgol (Plantago ovate Forsk.) belongs to family plantaginaceae and known for its medicinal 

value since ancient time. India is a numerouno in production of isabgol across the globe. It is a 

native of Mediterranean region and is cultivated for its valuable husk which is used as 

medicine in hemorrhoids, constipation, diabetes, ulcerative colitis. The seeds of genus 

Plantago are used commercially for the production of mucilage which is commonly known as 

Psyllium. Psyllium husk is widely used as a fiber supplement for the treatment of constipation 
[1].India is the largest producer as well as exporter of isabgol and psyllium husk in the world. 

India produces 75 to 90 thousand tonnes of isabgol from an area ranging from 1.0 to 1.30 lakh 

ha. Itiswidely cultivated in the western and some pockets of central India.Gujarat is the leading 

states in isabgol production and processing. Gujarat contributed 30 to 35 of total national 

isabgol production. Gujarat is a leading psyllum husk producer in India [2]. 

Detection of pesticide residues in exported agricultural produce is one of the major 

benchmarks of quality which comes under the umbrella of SPS (Sanitary and Phytosanitary) 

measures. The residues of DDT and HCH were detected from isabgol seed husk collected 

across the Gujarat state, India [3]. However, malathion and cyfluthrin residues were detected in 

the shipment of psyllum seed husk exported to USA from India [4]. Thus, isabgol is also facing 

the menace of toxic pesticide residues which hampers its export potential. Another major 

problem pertaining to pesticide residue analysis is unavailability of multiclass multiresidue 

methods which can be efficiently and appropriately used for monitoring of the pesticide 

residues from isabgol seeds and pysllum husk. Though, certain analytical methods are 

available, however pesticide residue analysts have always dilemma in mind about it efficacy 

and performance. This problem further aggravated when difficult matrices such as isabgol seed 

and psyllum husk are subjected to analysis for pesticide residue analysis. 

Isabgol, inherently very complex agricultural matrices needs special attention from scientific 

community to develop more sensitive, selective, cheap and rugged multiresidue methods for 

pesticide residue analysis. Therefore, the present investigation entitled “Evaluation of three 

conventional pesticide extraction approaches for the analysis of 50 pesticides in isabgol seeds 

and psyllum husk” was carried out to study the performance and suitability of different 

conventional pesticide residue extraction approaches. 
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Materials and Methods 

The study was conducted at Pesticide Residue laboratory, an 

ISO/IEC 17025 accredited laboratory at All India Network 

Projecton Pesticide Residues, ICAR Unit -9, Anand 

Agricultural University, Anand (Gujarat). 

 

Experimental materials: The isabgol seeds were collected 

from Department of Medicinal and aromatic plants, Anand 

Agricultural University for evaluating the efficacy of multi-

residue method. However, psyllum husk was procured from 

the market.  

 

Experimental methodology: The schematic diagram of 

approach for evaluating the efficiency of multi-residue 

methods is given below. (Fig. 1) 

 

 
 

Fig 1: Scheme for evaluating the efficiency of conventional multi-residue approaches 

 

Analytical method: For primary evaluation of the available 

pesticide residue analysis methods, recovery studies for 

organophosphate group of pesticides (Table 1) were 

performed with a control and a reagent blank. The isabgol 

seeds were fortified with OPs at 0.1 µg/g level and recovery 

study were carried with 7 replicates. Having satisfied with the 

performance for organophosphates pesticides, the method was 

extended for other group of pesticides viz., organochlorines 

(OCs) and synthetic pyrethroids (SPs) and herbicides which 

required additional cleanup step. Finally the most efficient 

multiresidue method was used for psyllum husk. The 

multiresidue methods used in the study were as follows: 

 

a) Extraction of isabgol seed with acetone+water (Luke et 

al., 1975 based approach) [5]: Prior to analysis, isabgol seeds 

were subjected to screening with an aluminium sieve (4 mm 

i.d.). Properly cleaned up 50 g isabgol seeds were taken into 

500 mL glass bottles. Samples were fortified with a mixture 

of OPs. The level of fortification was set to 0.1 ppm. In the 

glass bottle, 150 mL of extractant comprised of acetone and 

double distilled water in the proportion of 2:1(v/v) was added. 

Samples were subjected to homogenization with a high speed 

blender for 3.0 minutes. Samples were filtered through the 

Buchner funnel and 60 mL aliquot was transferred to 1.0 L 

separatory funnels. To the separatory funnel, n-hexane (100 

mL) and dichlromethane (100 mL) were added and shaken 

vigorously for 3.0 minutes. After the separation of layers, 

aqueous phase was collected in 150 mL capacity beaker 

separately and upper organic layer was collected in 500 mL 

capacity conical flask through the bed of anhydrous Na2SO4. 

To the aqueous phase, NaCl (4 g) was added and extraction 

was carried out with DCM (2 X 100 mL). Organic phase was 

collected in the 500 mL capacity conical flask through 

anhydrous Na2SO4 bed. The combined phase was evaporated 

to near dryness under vacuum and rinsed with n-hexane thrice 

to remove the traces of DCM. The extract was then 

transferred to 25 mL test tube by Pasteur pipette with 

consecutive washings with mixture of n-hexane and acetone 

(9:1, v/v). Final volume was made up to 10 mL by reducing 

with gentle N2 stream.  

 

b) Extraction of isabgol seed with acetonitrile (Mills et al., 

1963 based approach) [6]: Properly cleaned up 25 g isabgol 

seeds were taken into 500 mL glass bottles. In the glass bottle, 

acetonitrile (50 mL) and 10 g NaCl were added. Samples 

were subjected to homogenization with a high speed blender 

for 3.0 minutes. The samples were filtered under gravity and 

10 mL aliquot was transferred to 150 mL capacity conical 

flask. The aliquot was evaporated to dryness with vacuum 

rotary evaporator. The extract was then transferred to 15 mL 

test tubes with consecutive washings of n-hexane: acetone 

mixture (9:1, v/v) with the help of Pasteur pipette. Final 

volume was reduced to 5 mL under the gentle stream of N2.  
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c) Extraction of isabgol seed/husk with acetonitrile + 

water (Modified Mills approach): Properly cleaned up 10 g 

isabgol seeds/husk was taken into 500 mL glass bottles. 

Sample was spiked with mixture of OPs at 0.1 ppm level and 

left for 15 minutes. In the glass bottle, 75 mL of extractant 

(acetonitrile and double distilled water, 65:35, v/v) and 5g 

NaCl were added. Samples were subjected to homogenization 

with a high speed blender for 3.0 minutes. The extract was 

filtered under gravity and 10 mL aliquot was transferred to 

150 mL capacity conical flask. The aliquot was evaporated to 

dryness with vacuum rotary evaporator. The extract was then 

transferred to 15 mL test tubes with Pasteur pipette by 

consecutive washings with mixture of n-hexane and acetone 

(9:1, v/v). Final volume was made up to 2 mL by reducing 

samples under gentle stream of N2. The extract was then 

divided into two parts, out of which one part (1.0 mL) was 

subjected to column cleanup and remaining part was analyzed 

for OP group of pesticides. 

 

Column Cleanup: The extract was subjected to Florisil 

column cleanup. Florisil (2.0 g) was sandwiched between two 

layers of anhydrous Na2SO4 (1.0 g). The extract was eluted 

with 10 mL mixture of n-hexane and acetone (9:1, v/v). Final 

volume was reduced to 1.0 mL with TurboVap® (LV 

Concentration Evaporator Workstation) and residues were 

quantified on GC-ECD.  

Comparison of analytical methods: These methods were 

evaluated for their precision and accuracy for the specific 

compounds and matrix. Precision of the method was 

determined with % RSD and accuracy with Total Error. 

Formulae used to estimate the % RSD, Relative Error and 

Total Error were as follows: 

 

Relative Standard Deviation (RSD)= SD/% recovery ×100 

 

Where, SD= Standard Deviation 

 

Relative Error (RE): (Fong et al., 1999) [7] 

 

RE =
(100 − % Mean Recovery) X 100

100
 

 

Total Error (TE): (Mcfarren et al., 1970) [8] 

 

TE = Relative Error + 2 X RSD % 

 

Analytical method performance evaluating criteria 

(Mcfarren et al., 1970) [8] 

If Total Error is ≤ 50 – Method is accurate or good 

If Total Error is >51≤ 100 – Method is acceptable 

If Total Error is ≥101 – Method is not acceptable 

 

Table 1: Scope of the multiresidue method for isabgol seed and husk 
 

Class/No. Pesticides 

OPs/17 
DDVP, phorate, dimethoate, diazinon, parathion methyl, fenitrothion, phorate sulphone, malathion, phorate sulphoxide, 

chlorpyrifos, chlorfenvinphos, profenophos, ethion, edifenphos, anilophos, phosalone 

OCs/19 
α-HCH, γ-HCH, β-HCH, heptachlor, δ-HCH, aldrin, heptachlor epoxide, chlordane-cis, chlordane-trans, α-endosulfan, 

p,p'-DDE, dieldrin, endrin, p,p'-DDD, β-endosulfan, p,p'-DDT, endosulfan sulfate, endrin ketone, methoxychlor 

SPs/8 fenpropathrin, λ-cyhalothrin, permethrin, β-cyfluthrin, α-cypermethrin, fenvalerate (I&II), deltamethrin 

HBs/6 Trifluralin, fluchloralin, alachlor, metolachlor, butachlor, pendimethylene 

Fungicide/1 Hexaconazole 

 

Chemical and other reagents: Analytical grade acetone, n-

hexane and Dichloromethane (DCM) were glass distilled at 

55-60 and 39 °C, respectively. LCMS grade iso-octane and 

acetonitrile (purity ≥99.9%) was used as such without 

distillation although its suitability was checked on GLC-ECD 

by completely evaporating 50 mL of solvent and then made 

up the volume to 1.0 mL with a mixture of n-hexane: acetone 

(1:1, v/v). Sodium chloride and sodium sulphate were 

subjected to 540 °C in muffle furnace for 3 h to remove the 

phthalate esters and stored in a glass desiccator at room 

temperature. Florisil, a magnesia-loaded silica gel of the 

particle size of 200 µm was used. 

 

Equipments and instruments: ‘Eltak’ make vertical blender 

was used for homogenization of the sample. ‘Orpat’ make 

digital weighing balance (1000 g capacity and 0.1 g 

sensitivity was used for weighing the samples and reagents 

while ‘Sartorious basic plus’ balance (maximum capacity 210 

g and sensitivity 0.01 mg) was used for weighing pesticide 

standards. ‘Heidolph’ make vacuum rotary evaporator was 

used to concentrate the large volume of the sample extract. 

‘Caliper’ make nitrogen based evaporator (TurboVap) was 

used for reducing the final volume of the sample under inert 

atmosphere. The quantitative analysis of OPs was carried out 

on Shimadzu GC-2010 equipped with FTD detector and 

autosampler (AOC 20i). Quantitation was carried out by 

external standard method. A liquid handling syringe of 10 µL 

was used for the injection of samples and standards. The DB-

5 capillary column (30 m x 0.25 mm x 0.25 μm film 

thickness) was used for analysis.  

The operating conditions of GC-FTD wereas follows: The 

column was initially held at a temperature of 160 °C for 0.0 

min, and then ramped at 7 °C min-1 to 290 °C for 2 min. The 

temperature of injector and detector were 230and 300 °C, 

respectively. Nitrogen (purity 99.999%) was used as carrier 

gas in constant flow mode while flow rate set to 1.5 mL min-1. 

Flow of H2 and Zero Air was 3.5 and 145 mL min-1. Nitrogen 

was also used as make up gas for FTD detector and flow was 

30 mL min-1. Sample was injected was done with autosampler 

in the split mode and split ratio was 1:5 while injection 

volume was 1.0 µL. The current of FTD detector was set to 

3.0 nA. 

However, the quantitative analysis of organochlorines and 

synthetic pyrethroids, herbicides and a fungicide 

hexaconazole were analyzed on Varian GC 450 equipped with 

ECD detector. The DB-1 capillary column (30 m x 0.25 mm x 

0.25 μm film thickness) was used for analysis. The operating 

conditions were as follows: The column was initially held at a 

temperature of 160 °C for 0.0 min, and then ramped at 7 °C 

min-1 to 290 °C for 10 min. The temperature of injector was 

set to 230 °C and detector temperature was 300 °C. Nitrogen 

(purity 99.999%) was used as carrier gas in constant flow 

mode while flow rate set to 1.5 mL min-1. Nitrogen was also 

used as make up gas for ECD detector and flow of make up 

gas was 30 mL min-1. The cell contact potential of detector 

was 400mV. Sample injection was done with auto sampler 
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(CP-8400) in the split mode and split ratio was 1:5 while 

injection volume was 1.0 µL. 

 

Certified Reference Materials (CRMs): National Institute 

of Standard and Technology (NIST) traceable certified 

reference standards (≥97% purity) of organophosphates (16), 

organochlorines (19), synthetic pyrethroids (8), herbicides (6) 

and a fungicide were obtained from Sigma-Aldrich Ltd. 

(USA). All organic solvents used in the standard preparation 

were ExLar analytical grade and purchased from Ranbaxy 

India Ltd.  

 

Standard preparation: The technical grade pesticide 

standards (20 mg each) were accurately weighed separately 

on Sartorius basic plus balance (maximum capacity 210 g and 

sensitivity 0.01 mg) in a “A” grade 100 mL volumetric flask. 

The standard was dissolved initially with 10 to 15 mL of 

distilled acetone and final volume was made up with iso-

octane. This gave the concentration of 200 µg/g. From the 

primary standards, 1 mL each of all the pesticides was 

transferred in a 50 mL capacity with iso-octane in volumetric 

flask. This gave a concentration of 20 µg/g. Final working 

standards: The intermediate standards were used for the 

preparation of mixture of final working standards of 

organophosphates, organochlorines, synthetic pyrethroids and 

herbicides. Suitable aliquots were diluted to require final 

volume using iso-octane, to obtain final concentration of 0.01, 

0.025, 0.05, 0.1, 0.25, 0.5 and 1.0 ppm. 

 

Linearity Study: Prior to quantitation, the linearity of 

different pesticides were carried out by plotting the response 

of the detector against the concentration of the standards 

prepared in pure organic solvents. The determination 

coefficient (R2) of different pesticides on particular 

instruments was calculated by plotting the best-fitting straight 

line adopting linear regression model. 

 

Limit of detection and limit of quantitation: The limit of 

detection (LOD) was determined as the concentration having 

peak area three times higher in relation to the noise of the 

baseline at the retention time of the peak of interest. For the 

LOQ determination [9], the concentration obtained in the 

determination of LOD was multiplied by a factor of 3.3. 

 

Results and Discussion 
India is one of the leading countries in isabgol production, 

however, whatever the multiresidue methods for isabgol 

available are very crude in nature to furnish the current 

requirements. Hence, two commonly used pesticide residue 

extraction approaches (Luke et al., 1975 & Mills et al., 1963) 
[5, 6] and one modified version of Mills residue extraction 

approach were tested in isabgol pysllum husk and compared 

for their efficiency to determine 50 multi-class pesticides. 

Themethods were evaluated for their precision and accuracy 

for the specific compounds and matrix. Precision of the 

method was determined with % RSD and accuracy with Total 

Error.  

 

Linearity Study: The linearity of OPs was carried out on 

Shimadzu GC-FTD and all OPs were found linear in the range 

of 0.05 to 1.0 µg mL-1. However, the linearity studies of OCs, 

SPs, HBs and a fungicide were performed on Varian GC 450 

equipped with ECD. The OCs compounds were found linear 

in the range of 0.01-1.0 µg mL-1 while that was 0.05-1.0 µg 

mL-1 for synthetic pyrethroids, herbicides and a fungicide. 

The co-efficient of determination (R2) determined for the 

pesticides analysed on GC-FTD and GC-ECD were ≥0.98. 

 

Extraction with acetone+water (Luke et al., 1975 based 

approach): A liquid-liquid multiresidue method mentioned in 

the section 3.4.2.1 was used for quantitative analysis of OPs 

from isabgol seed. Sample was fortified with fourteen OPs 

and extracted with acetone: water (2:1,v/v), the extract was 

subjected to liquid-liquid partitioning with DCM. Combined 

organic phase was concentrated and analysed on GC-FTD. 

This extraction procedure was found inappropriate for the 

analysis of organophosphates from isabgol seed due to lump 

formation after addition of extractant. Gas liquid 

chromatographic analysis showed that these compounds 

merged with the base line. Thus, recovery study of OPs could 

not provide the desired result. Psyllum husk, the outer 

membranous covering of the Plantago ovata seeds contains 

over 30% of hydrocolloidal polysaccharide (mucilage) [10] and 

can also absorb 3 times water than its weight [11]. Further, the 

psyllum husk fibers are water soluble and also known as gel 

forming hydrophilic mucilloid. The husk mucilage is a clear, 

colourless gelling agent, able to increase in volume upon 

absorbing water up to 10-14 times its own weight [12], [13] 

which might be a probable explanation of lump formation in 

isabgol seeds when extracted with acetone +water. 

Generally, organophosphate pesticidesare comparatively polar 

than OCs, SPs and other pesticides having halogen in their 

moiety and have some affinity towards water. This could be 

the reason for the poor recovery of OPs from the isabgol seed 

when these compounds were extracted with acetone + water 

as bulk of water added in the sample reacted with 

polysaccharides and constituted the mucilaginous mass. 

Formation of mucilage also hampers the homogenization of 

sample. Considering that, this extraction approach was not 

further used for OCs, SPs pesticide analysis because of its 

ineffectiveness to extract the OP pesticides from the isabgol 

seeds.  

 

Extraction of OPs from isabgol seed with Mills approach 
The results obtained in the study is mentioned in Table 2 

which reveals that the recovery of OPs compounds with 

acetonitrile as extractant (Mills et al., 1963 approach) was in 

the range from 50.91 (DDVP)- 77.66 % (edifenfos) with % 

RSD varied between 7.13 to 19.89. Total Error ranged 

between 45.08 to 86.58 % which indicates that the recovery of 

OPs from isabgol seeds with acetonitrile falls under 

acceptable range specified for efficiency of extraction method 
[5], [6]. LOD and LOQ for the OP compounds were in the range 

of 0.02-0.04 and 0.08-0.13 µg/g, respectively. However, there 

was still a scope to improve the recovery and therefore 

another attempt was made with mixture of acetonitrile + water 

i.e. modified mills approach. 

 

Extraction of OPs from isabgol seeds with acetonitrile + 

water (Modified Mills Approach) 

To improve the recovery of OPs, a binary solution (mixture of 

acetonitrile and water) was tried. The result obtained in the 

experiment is mentioned in Table 2. The recovery of OPs 

from isabgol seeds with binary mixture of acetonitrile and 

water was found in the range of 85.38-122.48% and % RSD 

from 9.80- 20.65. Maximum recovery was obtained in 

edifenfos (122.48%) and while that of minimum was recorded 

in phorate (85.36%). Relative Standard Deviation (RSD) 

obtained from the study varied in the range 9.80 to 20.65% as 

maximum and minimum RSD was recorded in anilophos 
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(20.65%) and phorate sulfone (9.80%), respectively. LOD and 

LOQ of the method were in the range of 0.04-0.07 and 0.11-

0.22 µg g-1, respectively. The recovery and % RSD of OPs 

from isabgol seed was found in the range fixed by European 

Union for method validation [20] except edifenfos and 

anilophos where recovery and % RSD was more than the 

acceptable criterion. Total Error was below 50 in most of the 

pesticides. Thus, extraction of OP compounds from isabgol 

seeds with mixture of acetonitrile and water seemed an 

accurate extraction technique. 

 

Comparative efficacy of two acetonitrile based approaches 

for the estimation of OP pesticides from isabgol seeds 

The results obtained in comparative study of two acetonitrile 

based methods for the extraction of organophosphates from 

isabgol seeds is given in Table 3 and depicted in Fig 2. The 

recovery of OPs was improved when mixture of 

acetonitrile+water was used as extractant in modified mills 

approach, however, % RSD varied marginally. 

Total Error worked out in Mills approach for the analysis of 

OP pesticides from isabgol seeds was in the range of 45.08- 

86.58 while that of modified Mills approach was 28.71-55.00. 

Thus, modified Mills approach where extraction of pesticides 

was performed with binary mixture of acetonitrile + water 

was more accurate technique for 14 OPs and acceptable for 2 

others. Contrary to this, Mills et al., 1963 approach where 

acetonitrile was used as a sole extractants was accurate for 

only one OP compound while acceptable for 15 compounds. 

Hence, Modified Mills approach for the estimation of OP 

pesticides was more accurate with respect to Mills et al., 1963 

based approach. Thus, binary mixtures of solvents have 

higher extraction efficiency which has been also observed for 

the extraction of phenol from aqueous sodium chloride, 

potassium carbonate and ammonium sulfate with binary polar 

organic mixtures (hexane-2-propanol with a total polarity of 

0.117 as compared to individual organic solvents [13]. This 

finding is in agreement with present recovery study of OPs 

from isabgol seeds with binary mixture of acetonitrile and 

water. Contrary to our finding, a comparable recoveries and 

acceptable % RSD while analyzing 169 pesticides with the 

acetone and water as extractant in soya grain by liquid 

chromatography–tandem mass spectrometry in another study 
[14]. This contradiction might be due to the mucilage forming 

nature of the isabgol. For the determination of impact of 

organic solvent/water ratios on extraction efficiency of 14C-

dieldrin and 14C-methomyl from radishes, acetone, 

acetonitrile, and methanol containing 0, 10, 20, 30, 40, and 

50% water were tested. For methomyl residues, the optimum 

water content of acetonitrile-water extraction mixtures was 

40-50%; less than 40% water reduced the ability of 

acetonitrile. Methanol and acetone were nearly as efficient as 

50% acetonitrile-water and apparently were not influenced by 

solvent/water ratios. For dieldrin, low water content slightly 

reduced the extraction efficiency of acetonitrile, with the 

optimum water content also being 40-50%. Percentage of 

water appeared to have little overall effect on methanol 

extraction efficiency. The extraction efficiency of acetone was 

lower than that of the other two solvents, and this effect was 

independent of the acetone/water ratio [15]. 

Luke and Doose (1983) [16] reported that pesticides with 

variable polarity can be extracted with acetone–water (65:35, 

v/v) while Bertuzzi et al. (1967) [17] first demonstrated that 

acetonitrile–water (65:35, v/v) can effectively extract 

pesticides from dry products. A multiclass, multiresidue 

method was used by Mills et al. (1963) [6] to extract nonpolar 

pesticides from various food samples of vegetal origin using 

acetonitrile.  

The use of acetonitrile followed by salting out proved to be 

better suited for the extraction of both non-polar and polar 

pesticides from vegetable samples and has been adopted today 

by several regulatory bodies because addition of NaCl and 

water to the acetonitrile allowed partitioning of most of the 

pesticides into a non-polar solvent, petroleum ether [18, 19]. 

 

Recovery of OCs, SPs, HBs and fungicide from isabgol 

seedswith modified Mills approach  

A recovery experiment for OCs was conducted with binary 

mixture of acetonitrile + water (65:35, v/v) as extractant by 

adopting modified Mills approach along with Florisil column 

cleanup.  

The data obtained from recovery study of OCs from isabgol 

seeds showed variation in the range of 71.48-125.59%. 

Maximum recovery was observed for methoxychlor 

(125.59%) while minimum for β-HCH (71.48%). The % RSD 

was found in the range of 12.66 - 28.70. LOD and LOQ of the 

method for OC compounds were in the range of 0.03-0.09 and 

0.09-0.26 µg g-1, respectively. This method was accurate for 

12 OCs and acceptable for other seven compounds. 

The results of OCs recovery from isabgol seeds obtained were 

in the compliance of latest SANCO guidelines [20] for method 

validation in pesticide residue analysis. According to the 

guidelines, “the (method) LOQ is defined as the lowest 

validated spike level meeting the method performance 

acceptability criteria (mean recoveries for each representative 

commodity in the range of 70-120%, with RSD ≤ 20%)”. The 

recoveries of all OCs were in the acceptable limit except 

endrin ketone (120.47%) and methoxychlor (125.59%) while 

RSD of chlordane-cis (24.56%), endosulfan sulphate 

(28.70%) and dieldrin (20.35%) were exceeding the limit. 

This extraction scheme found to be accurate for 12 OCs 

pesticides while acceptable for remaining 7 OC pesticides 

(Table 4). 

Recovery data obtained from SPs, HBs and a fungicide 

hexaconazole showed reasonable good recoveries in the range 

of 66.18-102.91%. Maximum and minimum recovery was 

recorded in hexaconazole (102.91%) and trifluralin (66.18%). 

The % RSD was in the range of 7.75-14.74. Maximum and 

minimum % RSD were recorded in alachlor (14.74%) and 

metolachlor (7.75%), respectively. LOD and LOQ of the 

method for SPs, HBs and a fungicide were in the range of 

0.02-0.05 and 0.06-0.15 µg g-1, respectively. The % RSD 

recorded in the analysis fulfilled the criterion fixed by the 

European Union [20] but marginal differences in recoveries 

were observed in trifluralin, fluchloralin, fenpropathrin and 

permethrin. This method was found to be accurate for 8 

compounds included in the study while acceptable for 

remaining six (Table 4). 

Altogether, multiresidue method based on modified Mills 

approach was accurate for 20 and acceptable for 14 different 

pesticides from the class of OCs, synthetic pyrethroids, 

herbicides, fungicide from isabgol seeds (Table 4) 

 

Recovery of different group of pesticides from psyllum 

husk with modified Mills approach 

The recovery of OPs from pysllum husk was found in the 

range of 68.89- 118.03% and % RSD varied from 1.92 to 5.95 

(Table 5). The recovery and RSD % of OPs from pysllum 

husk observed in the range fixed by European Union for 

method validation with marginal variations [20]. Maximum 

recovery was obtained from edifenfos (118.03%) while 
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minimum was recorded in DDVP (68.89%). Maximum and 

minimum % RSD was recorded in chlorfenvinfos (5.95%) 

and diazinon (1.92), respectively. LOD and LOQ of this 

method for OP compounds from psyllum husk were in the 

range of 0.01-0.02 and 0.02-0.07 µg g-1, respectively. The 

modified Mills approach was found accurate for the extraction 

of all 16 OP pesticides from pysllum husk (Table 5). 

Recovery of OCs from psyllum husk was found in the range 

of 70.20 to 93.83% and % RSD varied from 5.92- 15.69. The 

recovery and % RSD of OCs from psyllum husk was lied in 

the range fixed by European Union for method validation 

(Anon, 2009b). Maximum recovery was obtained from 

endosulfan sulfate (93.83%) while minimum was recorded in 

p,p’-DDD (70.20%). Maximum and minimum % RSD were 

recorded in p,p’-DDT (15.69%) and endosulfan sulfate 

(5.92%), respectively. The LOD and LOQ of this method 

recorded for OCs was in the range of 0.02-0.04 and 0.05- 0.12 

µg g-1, respectively from psyllum husk. This method was 

found accurate for 14 compounds while acceptable for 

remaining 5 OC pesticides (Table 5). 

The recovery study of SPs, HBs and a fungicide from psyllum 

husk was found in the range of 72.25 to 107.74% and RSD 

varied from 4.56 to 14.23%. The recovery and % RSD for 

SPs, HBs and a fungicide from psyllum husk were within the 

range fixed by European Union for method validation [20]. 

Maximum recovery was obtained from hexaconzaole 

(107.74%) and while that of minimum was recorded in 

trifluralin (72.25%). Maximum and minimum % RSD was 

recorded in λ-cyhalothrin (14.23%) and fenpropathrin 

(4.56%), respectively. The LOD and LOQ of SPs, HBs and a 

fungicide was 0.01- 0.04 and 0.03-0.12 µg g-1, respectively 

for psyllum husk. This method was accurate for 14 

compounds while acceptable for remaining one compound. 

 

Performance evaluation of modified mills approach for 

isabgol seeds and pysllum husk  

Overall, modified Mills approach using acetonitrile+water 

along with Florisil column cleanup found accurate for 34 and 

acceptable for 16 pesticides which is 68 and 32% respectively 

over the 50 pesticides extracted from isabgol seeds. However, 

44 and 6 out of 50 pesticides extracted from psyllum husk 

were extracted accurately and acceptable which is 88 and 

12% of total pesticide extracted (Table 6). For OP compounds 

selection of extractants and florisil column cleanup played a 

pivotal role for extraction of 50 pesticides from isabgol seeds 

and pysllum husk.  

The cleanup requirements differed from sample to sample or 

presence of specific physicochemical properties to separate 

the desired compounds from the sample extractives. 

Insufficient cleanup of sample causes rapid deterioration of 

gas chromatographic system [21]. Further, lipid content present 

infood matrices of vegetal origin poses a challenge for 

cleanupbecause the fats and waxes would have an adverse 

effect on the GC columns and could interfere with the 

analysis and detection of the pesticides. Therefore, the isabgol 

samples were cleaned up with Florisil as its seeds contain 

17.4% protein, 6.7% fat. The oil of isabgol seeds had a high 

percentage of linoleic acid (40.6%) and oleic acid (39.1%) 

and a minor proportion of linolenic acid (6.9%) [22] Sample 

extracts, resulting from solvent extraction and liquid–liquid 

partition contains large number of sample matrix 

coextractives. The amount of cleanup required will depend on 

the type of chromatographic system used, the specificity of 

the detector used and the desired limit of detection. In the 

1960s, when gas chromatographs (GCs) equipped with 

electron capture detectors (ECD) were used primarily for 

OCs, an extensive amount of sample cleanup was required 

due to the lack of selectivity [19]. 

Of all the sorbents like alumina, silica gel, magnesia used in 

residue analysis, Florisil has gained the greatest attention. As 

Florisil retains some lipids preferentially (25 g Florisil with 

3% water will retain 1 g fat), it is particularly well suited for 

the cleanup of fatty foods. When a Florisil column is eluted 

with solvent mixtures of low polarity, non- polar residues are 

recovered almost quantitatively. The eluates are sufficiently 

cleaned for GLC-ECD analysis. The most widely used eluants 

are mixtures of petroleum ether with a low percentage of 

diethyl ether or dichloromethane. There have been many 

attempts to improve cleanup efficiency by more complex 

solvent mixtures, but without particular success. Florisil is 

one of the most useful absorbents for cleanup in the analysis 

of organochlorines and PCBs in fatty foods [23].Argauer et al. 

(1997) [24] developed a rapid procedure to determine the 

lipophilic pyrethroids and chlorinated hydrocarbon 

insecticides in ground beef by liquid liquid partitioning with 

iso-octane/acetonitrile and followed by Florisil column 

cleanup. Recoveries of the organochlorine pesticides (lindane, 

p,p’-DDE, p,p’-DDT, heptachlor epoxide, dieldrin) and the 

pyrethroids (bifenthrin, permethrin, cypermethrin, fluvalinate, 

and deltamethrin) from fortified meat samples ranged from 59 

to 82% with typical relative standard deviations of 10% 

except for p,p’-DDT, which gave lower, more variable 

recoveries likely due to degradation. Limits of detection of the 

pesticides in ground beef ranged from 2 ng g-1 for bifenthrin 

and p,p’-DDE to 24 ng g-1 for heptachlor epoxide. 

 

Table 2: Recovery of OPs from isabgol seeds with different extraction approaches 
 

Sr. No. Compounds 

Mills approach Modified Mills approach 

*Mean recovery 

(%) 
% RSD 

LOD 

(µg g-1) 

LOQ 

(µg g-1) 

*Mean recovery 

(%) 
% RSD 

LOD 

(µg g-1) 

LOQ 

(µg g-1) 

1. DDVP 50.91 18.74 0.03 0.10 85.38 13.31 0.04 0.11 

2. Phorate 54.20 18.34 0.03 0.10 85.36 18.55 0.05 0.16 

3. Dimethoate 62.15 13.37 0.03 0.08 118.21 15.16 0.06 0.18 

4. Diazinon 58.60 15.86 0.03 0.09 92.35 16.42 0.05 0.15 

5. Me- Parathion 63.22 16.18 0.03 0.10 99.63 16.85 0.06 0.17 

6. Fenitrothion 57.28 16.01 0.03 0.09 90.31 16.85 0.05 0.15 

7. Phorate sulfone 69.19 7.13 0.02 0.05 109.11 9.80 0.04 0.11 

8. Malathion 67.51 15.08 0.03 0.10 106.39 15.82 0.06 0.17 

9. Phorate sulphoxide 68.72 14.11 0.03 0.10 108.3 15.13 0.05 0.16 

10. Chlorpyrifos 62.11 14.86 0.03 0.09 97.86 15.36 0.05 0.15 

11. Chlorfenvinfos 66.62 17.78 0.04 0.12 104.93 17.80 0.06 0.19 

12. Profenofos 71.51 13.63 0.03 0.10 112.77 14.87 0.06 0.17 

13. Ethion 61.41 15.66 0.03 0.10 96.77 16.20 0.05 0.16 
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14. Edifenfos 77.66 15.00 0.04 0.12 122.48 16.26 0.07 0.20 

15. Anilophos 66.54 19.89 0.04 0.13 104.92 20.65 0.07 0.22 

16. Phosalone 65.19 14.40 0.03 0.09 102.75 15.24 0.05 0.16 

* (n=7) 

 

 
 

Fig 2: Comparison in performance of two multiresidue methods for the analysis of OPs from isabgol seeds 

 

Table 3: Comparative study of recovery of OP pesticides from isabgol seeds with two different approaches 
 

Pesticides 

Recovery (%) RSD (%) Rel. Error (RE) TE Performance 

Ana. approach Ana. approach Ana. approach Ana. approach Ana. approach 

B C B C B C B C B C 

DDVP 50.91 85.38 18.74 13.31 49.09 14.62 86.58 41.24 A G 

Phorate 54.20 85.36 18.34 18.55 45.80 14.64 82.48 51.75 A A 

Dimethoate 62.15 118.21 13.37 15.16 37.85 18.21 64.60 48.53 A G 

Diazinon 58.60 92.35 15.86 16.42 41.40 7.65 73.12 40.49 A G 

Parathion methyl 63.22 99.63 16.18 16.85 36.78 0.37 69.14 34.06 A G 

Fenitrothion 57.28 90.31 16.01 16.85 42.72 9.69 74.73 43.40 A G 

Phorate sulfone 69.19 109.11 7.13 9.80 30.81 9.11 45.08 28.71 G G 

Malathion 67.50 106.39 15.08 15.82 32.50 6.39 62.65 38.03 A G 

Phorate sulphoxide 68.70 108.30 14.11 15.13 31.30 8.30 59.52 38.56 A G 

Chlorpyrifos 62.11 97.86 14.86 15.36 37.89 2.14 67.62 32.85 A G 

Chlorfenvinfos 66.62 104.93 17.78 17.80 33.38 4.93 68.94 40.53 A G 

Profenofos 71.51 112.77 13.63 14.87 28.49 12.77 55.75 42.50 A G 

Ethion 61.41 96.77 15.66 16.20 38.59 3.23 69.92 35.64 A G 

Edifenfos 77.66 122.48 15.00 16.26 22.34 22.48 52.34 55.00 A A 

Anilophos 66.54 104.92 19.89 20.65 33.46 4.92 73.25 46.23 A G 

Phosalone 65.19 102.75 14.40 15.24 34.81 2.75 63.62 33.24 A G 

G= Good (Total Error ≤50), A=Acceptable (Total Error 51-100), NA=Not Acceptable (Total Error ≥101), RE: 

relative error, TE :Total Error, B=Mills approach, C= Modified Mills approach 

 

Table 4: Recovery of OCs, SPs, HBs and fungicide from isabgol seeds modified Mills extraction approach 
 

S. No. Compound %Recovery* SD LOQ (µg g-1) RSD % RE. TE 

1 α-HCH 90.37 12.93 0.13 14.3 9.63 38.23 

2 γ-HCH 102.52 18.27 0.18 17.82 2.52 38.16 

3 β-HCH 71.48 9.05 0.09 12.66 28.52 53.83 

4 Heptachlor 82.14 15.51 0.16 18.88 17.86 55.63 

5 δ-HCH 104.63 19.91 0.2 19.03 4.63 42.68 

6 Aldrin 83.05 14.02 0.14 16.89 16.95 50.72 

7 Heptachlor epoxide 106.05 20.72 0.21 19.54 6.05 45.13 

8 Chlordane-cis 82.19 20.19 0.2 24.56 17.81 66.93 

9 Chlordane-trans 98.6 19.3 0.19 19.57 1.41 40.55 

10 α-Endosulfan 104.8 20.15 0.2 19.23 4.8 43.25 
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11 p,p'-DDE 106.82 20.34 0.2 19.04 6.82 44.9 

12 Dieldrin 103.59 21.08 0.21 20.35 3.59 44.28 

13 Endrin 103.13 20.46 0.2 19.84 3.13 42.82 

14 p,p' –DDD 90.12 16.63 0.17 18.46 9.88 46.8 

15 β-Endosulfan 101.36 19.71 0.2 19.44 1.36 40.24 

16 p,p'-DDT 115.22 22.27 0.22 19.33 15.22 53.88 

17 Endosulfan sulfate 91.84 26.36 0.26 28.7 8.16 65.56 

18 Endrin ketone 120.47 17.72 0.18 14.71 20.47 49.88 

19 Methoxychlor 125.59 22.44 0.22 17.87 25.59 61.33 

20 Trifluralin 66.18 5.58 0.06 8.43 33.82 50.69 

21 Fluchloralin 67.47 7.78 0.08 11.53 32.53 55.59 

22 Alachlor 101.07 14.89 0.15 14.74 1.07 30.54 

23 Metolachlor 75.44 5.85 0.06 7.75 24.56 40.06 

24 Butachlor 74.28 7.21 0.07 9.7 25.72 45.12 

25 Pendimethylene 71.22 7.43 0.07 10.44 28.8 49.68 

26 Hexaconazole 102.91 12.34 0.12 11.99 2.91 26.9 

27 Fenpropathrin 69.85 8.85 0.09 12.67 30.15 55.5 

28 λ-Cyhalothrin 71.59 8.11 0.08 11.33 28.41 51.06 

29 Permethrin 68.62 10.08 0.1 14.69 31.38 60.76 

30 β-Cyfluthrin 71.17 6.81 0.07 9.56 28.83 47.95 

31 α-cypermethrin 75.03 7.31 0.07 9.75 24.97 44.47 

32 Fenvalerate-I 74.44 10.56 0.11 14.18 25.56 53.92 

33 Fenvalerate-II 77.17 7.82 0.08 10.13 22.83 43.09 

34 Deltamethrin 74.83 9.65 0.1 12.9 25.17 50.97 

* (n=7) 

 

Table 5: Recovery of 50 pesticides from psyllum husk with modified Mills extraction approach 
 

S. No. Compound Recovery (%) SD LOQ (µg g-1) % RSD 
Rel. 

Error 
Tot. Error 

1 DDVP 68.89 3.69 0.04 5.36 31.11 41.83 

2 Phorate 88.55 3.49 0.03 3.94 11.45 19.32 

3 Dimethoate 92.94 3.1 0.03 3.34 7.06 13.74 

4 Diazinon 94.9 1.83 0.02 1.92 5.1 8.95 

5 Parathion methyl 99.1 4.8 0.05 4.84 0.9 10.58 

6 Fenitrothion 97.66 2.64 0.03 2.7 2.34 7.75 

7 Phorate sulfone 100.67 5.82 0.06 5.78 0.67 12.23 

8 Malathion 100.16 3.77 0.04 3.77 0.16 7.7 

9 Phorate sulphoxide 99.6 2.75 0.03 2.76 0.4 5.93 

10 Chlorpyrifos 102.64 2.34 0.02 2.28 2.64 7.2 

11 Chlorfenvinfos 104.37 6.21 0.06 5.95 4.37 16.27 

12 Profenofos 110.97 5.34 0.05 4.81 10.97 20.59 

13 Ethion 100.43 3.97 0.04 3.95 0.43 8.33 

14 Edifenfos 118.03 7.01 0.07 5.94 18.03 29.91 

15 Anilophos 102.65 4.74 0.05 4.61 2.65 11.88 

16 Phosalone 106.29 5.01 0.05 4.7 6.29 15.69 

17 α-HCH 71.28 6.46 0.06 9.06 28.72 46.85 

18 γ-HCH 71.71 5.17 0.05 7.21 28.29 42.71 

19 β-HCH 77.21 5.33 0.05 6.91 22.79 36.61 

20 Heptachlor 71.74 6.57 0.07 9.16 28.26 46.57 

21 δ-HCH 72.76 6.39 0.06 8.78 27.24 44.79 

22 Aldrin 70.53 9.8 0.1 13.89 29.47 57.26 

23 Heptachlor epoxide 73.11 5.9 0.06 8.07 26.89 43.03 

24 Chlordane-cis 73.24 9.8 0.1 13.39 26.76 53.54 

25 Chlordane-trans 73.5 6.56 0.07 8.92 26.5 44.35 

26 α-Endosulfan 80.55 11.79 0.12 14.64 19.45 48.72 

27 p,p'-DDE 74.45 7.08 0.07 9.5 25.55 44.56 

28 Dieldrin 76.49 10.87 0.11 14.22 23.51 51.94 

29 Endrin 84.59 5.14 0.05 6.07 15.41 27.56 

30 p,p' –DDD 70.2 8.81 0.09 12.55 29.8 54.89 

31 β-Endosulfan 72.81 5.39 0.05 7.4 27.19 41.99. 

32 p,p'-DDT 75.98 11.92 0.12 15.69 24.02 55.39 

33 Endrin aldehyde 77.59 10.29 0.1 13.26 22.41 48.93 

34 Endosulfan sulfate 93.83 5.56 0.06 5.92 6.17 18.01 

35 Endrin Ketone 78.46 9.25 0.09 11.8 21.54 45.13 

36 Trifluralin 72.25 8.19 0.08 11.34 27.75 50.43 

37 Fluchloralin 78.98 9.89 0.1 12.52 21.02 46.07 

38 Alachlor 76.34 6.91 0.07 9.06 23.66 41.77 

39 Metolachlor 72.77 5.74 0.06 7.89 27.23 43.02 

40 Butachlor 79.3 11.33 0.11 14.29 20.7 49.28 
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41 Pendimethylene 78.87 5.08 0.05 6.44 21.13 34.01 

42 Hexaconazole 107.74 8.67 0.09 8.04 7.74 23.83 

43 Fenpropathrin 72.46 3.3 0.03 4.56 27.54 36.65 

44 λ-Cyhalothrin 79.52 11.32 0.11 14.23 20.48 48.95 

45 Permethrin 81.05 7.27 0.07 8.96 18.95 36.88 

46 β-Cyfluthrin 80.28 10.43 0.1 12.99 19.72 45.7 

47 α-cypermethrin 73.87 4.24 0.04 5.75 26.13 37.62 

48 Fenvalerate-I 80.28 7.09 0.07 8.83 19.72 37.39 

49 Fenvalerate-II 87.22 11.75 0.12 13.47 12.78 39.72 

50 Deltamethrin 87.23 7.46 0.07 8.55 12.77 29.88 

 

Table 6: Performance evaluation of modified Mills extraction approach in pesticide residue analysis from isabgol seed and psyllum husk 
 

Sr. No. Matrix Class of pesticides Total pesticides 

Performance of method 

GOOD 

(TE≤50) 

Acceptable 

(TE; 51-100) 
Not Acceptable (TE>101) 

1. Isabgol Seeds 

OPs 16 14 2 - 

OCs 19 12 7 - 

SPs, HBs, fungicides 15 8 7 - 

Total 50 34 16 - 

2. Psyllum Husk 

OPs 16 16 - 
 

OCs 19 14 5 - 

SPs, HBs, fungicides 15 14 1 - 

Total 50 44 6 - 

 

Conclusion 

It is evident from our investigation, acetone+water based 

Luke’s approach as multi-residue method was not fit for 

extraction for OPs, OCs and other pesticide classes from 

isabgol seed and pysllum husk due to matrix’s high water 

absorption capability. However, remaining two approaches 

i.e. acetonitrile (Mills approach) and acetonitrile+water 

(modified Mills approach) suited for multiresidue method 

development. But primary screening of these two approaches 

revealed that modified Mills method has better efficiency for 

the extraction of OP pesticides. Further, extension of 

Modified mills approach after florisil cleanup provide 

accurate and precise results for GC-ECD amenable pesticides 

from both matrices viz. isabgol seeds and psyllum husk. 

Therefore, present investigation is useful for the selection of 

appropriate multi-residue analytical approach hard matrices 

such as isabgol seeds and pysllum husk. However, the above 

selected approach can be thoroughly validated prior to its 

application in monitoring and regulatory purposes for toxic 

pesticide residues from isabgol seeds and psyllum husk. 

 

References 

1. Anonymous. Report on isabgol. Bulletin published by 

National commodity Exchange Ltd., 2010. Retrieved 

from www.nmce.com 

2. Aglodia AV. Report of 1st AGRESCO subcommittee 

meeting of plant breeding, physiology and biochemistry. 

Jagudan, Gujarat, 2003. 

3. Patel BK, Shah PG, Talati JG. DDT and HCH residues in 

Psyllium husk. GAU Research Journal. 1989; 15(1):1-2. 

4. Anonymous. Pesticide Report. Pesticide Monitoring 

Program U.S. Food and Drug Administration, 2010, 24. 

5. Luke MA, Froberg JE, Masumoto HT. Extraction and 

cleanup of organochlorine, organophosphate, 

organonitrogen, and hydrocarbon pesticides in 

agricultural produce by gas–liquid chromatography, 

Journal - Association of Official Analytical Chemists. 

1975; 58:1020-1026. 

6. Mills PA, Onley JH, Gaither RA. Rapid method for 

chlorinated pesticides in non- fatty foods. Journal - 

Association of Official Analytical Chemists. 1963; 

46:186-192. 

7. Fong GW, Moye AH, Seiber JN, Toth JP. Pesticide 

Residues in Foods. John Wiley & Sons, New York,1999; 

10-45. 

8. McFarren EF, Liskka RJ, Parker JH. Criterion for judging 

acceptability of analytical methods. Analytical 

Chemistry. 1970; 42:358-365. 

9. Clifton EM. Pesticides laboratory training manual, 

AOAC International Gaithersberg, Maryland, USA, 

1996, 70-72. 

10. Deokar G, Kshirsagar S, Deore P, Kakulte H. 

Pharmaceutical benefits of Plantago ovate (Isabgol seed): 

a review. Pharmaceutical and Biological Evaluations. 

2016; 3(1):32-41 

11. Singh J. Psyllium Husk (Isabgol) –Plantago ovata 

benefits, uses and side effects, 2015. Retrieved 

https://www.ayurtimes.com/isabgol-psyllium-husk-

plantago-ovata-benefits-uses-side-effects/ downloaded on 

21/07/2017 

12. Bhunvara NS, Khorana ML. Studies on suspending 

properties of Hygrophila spinosa. Indian Drugs. 1985; 

22:500-502. 

13. Podolina EA, Korenman YI, Kharitonova LA. 

Extraction-Chromatographic determination of phenol in 

polar binary organic extracts. Russian Journal of Applied 

Chemistry. 2005; 78(12):2035-2037. 

14. Pizzutti IR, de Kok A, Hemstrab M, Wickert C, Prestes 

OD. Method validation and comparison of acetonitrile 

and acetone extraction for the analysis of 169 pesticides 

in soya grain by liquid chromatography–tandem mass 

spectrometry. Journal of Chromatography A. 2009; 

1216:4539-4552. 

15. Wheeler WB, Thompson NP, Edelstein RL, Krause RT. 

Influence of various solvent-water mixtures on the 

extraction of dieldrin and methomyl residues from 

radishes. Journal - Association of Official Analytical 

Chemists. 1982; 65(5):1112-1117. 

16. Luke MA, Doose GM. A modification of the Luke 

multiresidue procedure for low moisture, nonfatty 

products. Bulletin of Environmental Contamination and 

Toxicology. 1883; 30:110-115. 

17. Bertuzzi PF, Kamps L, Miles CI. Extraction of 

chlorinated pesticides from non-fatty samples of low 

http://www.phytojournal.com/


 

~ 172 ~ 

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com 
moisture content. Journal - Association of Official 

Analytical Chemists.1967; 50:623-630. 

18. Rogers RE. Salting-out liquid-liquid extraction (SALLE). 

LCGC North America. 2009; 27(7):526-533 

19. Schenck FJ, Wong JW. Pesticide residues in vegetal 

origin samples. In “Analysis of pesticides in food and 

environmental samples”. Edited by Tadeo; J.L. Published 

by CRC Press, Boca Raton, 2008, 154. 

20. Anonymous. Method validation and quality control 

procedures for pesticide residues analysis in food and 

feed. Document No. SANCO/10684/2009, 2009, 14. 

21. Zahida P, Irshad AK, Masud SZ. A multi- residue 

method for quantitation of organochlorine, 

organophosphorus and synthetic pyrethroid pesticides in 

cotton seeds. Pakistan Journal of Scientific and Industrial 

Research. 1994; 37:536-540. 

22. Romero-Baranzini AL, Rodriguez OG, Yanez-Farias GA. 

Chemical, physicochemical, and nutritional evaluation of 

Plantago. Cereal Chemistry. 2006; 83(4):358-361. 

23. Ambrush A, Their HP. Application of multiresidue 

procedures in pesticides residues analysis. Pure and 

Applied Chemistry.1986; 58(7):1035-1062. 

24. Argauer RJ, Lehotay SJ, Brown RT. Determining 

lipophilic pyrethroids and chlorinated hydrocarbons in 

fortified ground beef using ion-trap mass spectrometry. 

Journal of Agricultural and Food Chemistry. 1997; 

45(10):3936-3939.  

http://www.phytojournal.com/

