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ABSTRACT

Cauliflower is widely cultivated in almost all tiparts of the world. In India, it is cultivated irbaut 90 thousand
hectares area. There has been a substantial ineréagshe area of cauliflower (about 20%) during tlast two
decades. The important cauliflower growing states Blttar Pradesh, Karnataka, Maharashtra, Bihar, $¥/e
Bengal, Punjab and Haryana. 387.41, 356.75, and. B21ones cabbage produced by Gujarat state du2idgO-
11, 2009-10 and 2008-09 respectively (Source: Matidlorticulture Board; NHB). Cauliflower or phulodphi is
used as a cooked vegetable in curries, soups,ltets. frequently employed as an ingredient of miyéckles.
Traditionally cauliflower is eaten in the form adw, boiled and cooked as a subji and soups ancefoer raw,
washed, boiled and cooked samples were selectethéopesticide residual analysis. The effects afskbold
processing on pesticide residues were also studirdlysis of cauliflower for pesticidal contamiratiwas carried
out on Gas Chromatograph-Electron Capture and TIBtdator with capillary columns. Cauliflower was fal
contaminated with diclorvos, monocrotophos, phagraparathion, pendamethalin, endosulphan-Il, captafo
permethrin and cypermethrin. The study revealedt teuliflower was found contaminated maximum with
dichlorvos and minimum with phorate in the rangeé6f1-95.12 and 0.076-0.096 |iygspectively Findings show
that washing; boiling and cooking process minimiteel pesticide residues of nine pesticides in tmgye of 3.32-
70.0, 21.08-70.67 and 31.63-85.30 percent respdgtivihe percentage reductions in the present stady
supported by both early and most recent publicatiofhese reductions are extremely important inwatalg the
risk associated with ingestion of pesticide resgjuespecially in vegetables, which are eaten bysirall income
groups’ people. The present study showed that ngokas found more effective than washing and lgpilin
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INTRODUCTION

India has made significant achievements in the yeotidn of food grains, yet malnutrition is still nyereal
impediment to the development of the country. Braitd vegetables, being rich sources of nutrieftemins and
minerals, have an indisputable role to overcome gioblem. Cauliflower is one of the most importannter
vegetables of India with a variety of uses. Canlifér Brassica oleraceae var. botryligs one of thecruciferous
vegetables namely, cabbage, Brussel's sprouts esamtdii. It was introduced in India in 1822. Theitiad

introductions were "Cornish" types from Englanddeled by the European types. The Indian caulifloaethe
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tropical types are a result of intercrossing amthrgge types. Cauliflower is a delicate crop and daimaged near
harvest by freezing weather. The name cauliflowenscsts of two Latin words namely 'caulis' which ame
cabbage and 'floris' which means flower. In caolifér, the edible portion, known as curd, is madefgbortive
flowers, the stalks of which are short, fleshy atasely crowded. Cauliflower is probably the natifeWestern
Europe and the northern shore of Mediterranearonedhll cole crops (cabbage, cauliflower, knol-knBrussel's
sprouts, etc) have originated from a single anceBtassica oleraceae var. sylvestriEhe important pests attacking
cauliffower are mustard saw -flyAthalia proximg, mustard aphid Lipahis erysiln), painted bug Bagrada
Cruciferunj, diamond back mot{Plutella maculipensis cabbage butterflyRieris sp) and root -knot nematodes
[1,2]. In order to combat the insect pest problehpf pesticides is used by the vegetable groardetter yield
and quality. Insecticides are repeatedly applieihdithe entire period of growth and sometimes eatethie fruiting
stage. It accounts for 13-14% of total pesticidestonption as against 2.6% of cropped area [3]idMstexposure
has been associated with human health risk ofisttskin disease, bone disorder, cancer and ndisggder [4,5].
Contamination of vegetables with pesticide resichaesbeen reported by many researchers [6-8]

Cauliflower is widely cultivated in almost all thgarts of the world. In India, it is cultivated itb@ut 90 thousand
hectares area. There has been a substantial iaciredbe area of cauliflower (about 20%) during thst two

decades. The important cauliflower growing staresUttar Pradesh, Karnataka, Maharashtra, Bihast\Bengal,

Punjab and Haryana. 387.41, 356.75, and 321.15toatlebage produced by Gujarat state during 201Qa09-10

and 2008-09 respectively (Source: National Hortioe Board; NHB). Cauliflower or phul gobhi is used a
cooked vegetable in curries, soups, etc. It isuesdly employed as an ingredient of mixed picklBsditionally

cauliflower is eaten in the form of raw, boiled armbked as a subji and soups and therefore ranhadadoiled

and cooked samples were selected for the pestresidual analysis. The effects of household pracgsen

pesticide residues were also studied.

MATERIALS AND METHODS

Chemicals

a.Reagents: Standard pesticides which were >98% pure were pedcérom RFCL, Delhi, India. HPLC grade
hexane, acetone and ethyl acetate, and AR gradaanis sodium sulphate, sodium chloride, Flori&ittivated
charcoal, Silica gel for column chromatography wenecured from RFCL, Delhi, India.

b.Standard materials Standard pesticides which were >98% pure wereyea from RFCL, Delhi, India. The
standard stock solutions (100 ppm) were preparedhiyi acetate and stored a?G4 Working standard mixtures of
8 OC and 15 OP pesticides in ethyl acetate, canith.0 pg/ml of each pesticide, were used for spiking the
samples and preparing calibration standards.

Instruments

a.Blender-Boss Appliances, Daman, India

b.Centrifuge-Kumar Industries, Bombay, India

c.Mechanical shaker -Modern Industrial corporatioontbay, India
d.Rotary evaporator -Jain Scientific, India

63
e.GC- Thermofisher 1000 GC equipped with capillarjuatns using Ni electron capture detector (ECD) and TID.
f. Capillary column- 1. SPB-5 of 5% diphenyl/ 95% dtmg fused silica capillary column (30 mx0.32 mm, D25
um film thickness) 2. HP-1 of methyl silicone (10 183 mm ID, 2.6%:m film thickness).

Instrument conditions . ) )

For OC: Temperatures@):150 (5 min)— 8 °c min — 190 (2 min)— 15° min 280°c (10 min); injection port:
-1

280°; detector: 306c; carrier gas: (I;), flow rate 60 ml min, 2 ml through column and split ratio 1:10. Carrier

-1
gas, l\% flow rate 60 ml min, 2 ml through column.

For op: Temperaturee‘.?;) Oven: 100 (1 min}» 10°% m|n — 200% (0 m|n )—> 20% m|n — 260 c(3 min);
-1
injector port, 250c , detector, 27% , carrier gas Nl8 ml min , H 1.5ml m|n and zero air 130 ml m|n
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Sampling
A total of 45 samples of cauliflower were commallgi purchased from the local market of Rajkot ciBujarat,
India, and served as the blank or spiked sampldh@lsamples were extracted fresh. The unitgeserally more
than 250 g [9]. For the analysis, only the edibtetipns were included, whereas bruised or rotterispaere
removed.

Processing vegetables

Cauliflower samples, after washing, were hand pkeiéo slices with a stainless steel peeling kifel cooked.
Cauliflower samples (raw) were dry, cleaned to reensoil contamination with a disposable paper towmed
blended to mace a homogeneous sample for pestin@gsis.

Washing

Cauliflower was washed by placing in a plastic ndker and rinsed under normal tap water (2%Bfbr 30 second
[10].with gentle rotation by hands and blotted diith a paper towel. These samples were dividedtimtoportions,
of which one was analyzed as such after homogeniniblender and other was further boiled and cdoke

Boling
Sliced cauliflower was boiled by placing 75 ml o&ter in saucepan. Vegetable (50g) was added imbegdit®
boil for 5-10 min / boiled still softness was sutigdl to pesticide analysis.

Cooking

Sliced cauliflower was cooked [11] by placing 1bafhwater in saucepan. Vegetable (50g) was adehedediately
to cook for 10-12 min was subjected to pesticidalysis. Washed, boiled and cooked samples wereepsed in a
similar manner as of unprocessed samples (Raw).

Extraction

Commercially purchased cauliflower served as tlamlbor spiked sample. All the samples were extadtesh.
Each vegetable was chopped into small pieces aed @fartering, a representative sample (50g) wasenated
with 5-10g anhydrous sodium sulphate in blendemtke a fine paste. The macerated sample was edragth
100ml acetone on mechanical shaker for 1 h by ugiagnethod of [12]. Extract was filtered, concated up to
40ml and subjected to liquid-liquid partitioningttviethyl acetate (50, 30, 20 ml) after diluting 4ifBes with 100
ml 10% aqueous NaCl solution. Concentrated thendcgahase up to 10ml on rotary evaporator and dividnto
two equal parts. One part was kept for OC and sktmmOP.

Clean-up

For OC, clean-up was carried out by using columrmmiatography. Column (60cm x 22mm) was packed with,
Florisil and activated charcoal (5:1 w/w) in betwethe two layers of anhydrous sodium sulphate. d€xtwas
eluted with 125ml mixture of ethyl acetate: hexé®& v/v). Eluate was concentrated to 2ml for residnalysis.

Residues of OP were also cleaned by adopting cokehmmmatographic technique. Column was packed siiita
gel and activated charcoal (5:1 w/w) in betweenlétyers of anhydrous sodium sulphate. Extract wate@ with
125ml mixture of acetone: hexane (3:7 v/v). Aftencentrating the eluate on rotary evaporator, fizdlime was
made to 2ml for analysis by gas liquid chromatobyefi>C).

Quantization

An external method was employed in the determinatb the quantities of residues in the sample etdraA
standard mixture of known concentration of pesticicas run and the response of the detector for eacipound
ascertained. The area of the corresponding petileisample was compared with that of the standdtc@nalyses
were carried out in triplicates and the mean commagaons computed accordingly.

Recovery rate and limit of detection

Cauliflower samples were fortifies at 0.01, 0.021®.1 mg/kg by adding 5.0 mL of a mixed standaiditson.
Recovery and precision (expressed as relative atendeviation) were calculated for three replicasenples.
Percent recoveries in spiked samples ranged 8718%.0 % [13]. Accordingly, the sample analysisadaiere
corrected for these recoveries. Detection limit¢f) the method were also assessed based on the tlowes
concentrations of the residues in each of the pedrithat could be reproducibly measured at theatipgr
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conditions of the GC; which were 0.001 mg/kg. Blamalyses were also carried in order to check aterfering
species in the reagents.

Estimation
63
The cleaned extracts were analyzed on Thermofikb@d GC equipped with capillary columns usingi electron

63
capture detector (ECD) and TID. Operating condgiarere as per detailor OC: Detector : ECD (Ni), column:
SPB-5 of 5% diphenyl/ 95% dlmethyl fused silica itapy column (30 mx0.32 mm ID, 0. 2,5m film thickness)

with split system. Temperaturesco 150 (5 min)— 8 °c m|n — 190 (2 min)— 15 °c min 280°c (10 min);
injection port: 280c; detector: 308c; carrier gas: (I\) flow rate 60 ml mln 2 ml through column and split ratio

1:10. Carrier gas, 2Nflow rate 60 ml mln, 2 ml through column.

For OP: Detector TID, megabore column: HP 1 of methyjikene (10 mx0.53 mm ID, 2.6&m film thickness).
Temperatures(:) Oven: 100 (1 min}» 10°% mln — 200% (0 m|n )— 20°% m|n — 260°c(3 min); injector port,
250°% , detector, 27% , carrier gas Nl8 mi mln H 1.5 ml min and zero air 130 ml mln

RESULTS AND DISCUSSION

In the analyzed samples, the detected pesticidaespriged of diclorvos, monocrotophos, phorate, [évat
pendamethalin, endosulphan-Il, captafol, permethnd cypermethrin. The study revealed that cawifiowas
found contaminated maximum with dichlorvos and mimin with phorate in the range of 85.1-95.12 and@®-0
0.096 pgd respectively. Although all the samples were foundtaminated with OC insecticides but none of the
samples contained residues of any of these ing#eti@above maximum residue limits (MRL) fixed bye¥ention

of Food Adulteration Act (PFA) 1954 and FAO/WHO ¢8). As many organohalogen pesticides like BHC and
DDT have been banned with effect from April 1998)rdia, but they have remained in the environmdrgre they
continue to be incorporated into plant biomassinidia, practically, DDT has not been phased out etely
because it is still used to control the mosquitpublic health programmes from where it could ettteragricultural
soils and water systems and possibly find its wag crops. Presence of endosulfan in the presadyss due to
use of endosulfan in almost every crop in Gujdratia among the OC pesticides after banning ofafideDT and
HCH in 1993. Residues of monocrotophos (2.01-3 84" parathion (5.99-7.99 udy pendamethalin (0.29-0.41
ngg?), endosulphan-1 (0.70-1.64 pdy captafol (0.31-0.51 pdy, permethrin (0.25-0.35 pdyand cypermethrin
(0.40-0.60 pgd) were detected in cauliflower. The results obtdifrem the present study are consistent with an
earlier study that show residues of these pestcde present in different vegetables [14, 1517618].

Effects of household processing

Among household processes washing process redimeddsticide residues by 3.32-70 percent. Maximum
reduction of residue was observed in case of maboghos and parathion where the residues decrdastt
extent of 70 and 48.26 percent by washing procesgectively. In the present study washing was faffettive in

the decontamination of pesticide residues as iedép on a number of factors like, location and efgeesidues,
water solubility, temperature and type of washiofuson. In earlier studies also, effect of thesetbrs were
observed in different vegetables by various reseast vegetables [14, 15, 16, 17, 18, and 19]. Wasfound
comparatively less effective in reducing the resilaf phorate (16.27), permethrin (6.80) and distae (3.32).

Boiling was observed to be effective in reducing tiesidues. By this process, reduction of resicafesine
pesticides was observed in the range of 21.08-7pesZent. Maximum reduction was observed in thee as
monocrotophos, parathion and pendamethalin whereetsidues decreased to the extent of 70.67, #nh@69.82
percent respectively.
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Table-1: Pesticide residues*{g g ) in cauliflower

Sr.No Pesticide Raw Washing Boiling Cooking

1 Dichlorvos 95.11| 851 | 90.17 941 931 944 74{1 88/93 98.1 192.405| 30.5| 35.07 30201 485 3122 212 2678 39.80.2

2 Monocrotophos | 253 | 2.01| 3.24| 243 251 0667/ 0567 1.p6 0.657 50/66.516| 0.416/ 1.10] 0.9§ 091 019 010 0pB9 0.5061850

3 Phorate 0.086| 0.076] 0.096 0.08L 0.0 0.0f2 0.062 0.p82 670{00.071| 0.048 0.033 0.058 0.045 0.047 0/02 00104 Q. 0.043| 0.019

4 Acephate ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

5 Dimethoate ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

6 Fenitrothion ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

7 Diazinon ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

8 Malathion ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

9 Parathion 6.99 | 599 | 7.99| 6.94 6.89 37V 277 A7 3[72  3167.0424 214 | 2.04| 217 1.94 122 120 123 1P8 0}99

10 | Chlorpyriphos ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

11 Quinalphos ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

12 Profenophos ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

13 | pendamethalin | 0.31 | 034 | 041| 0.29  0.33 02 024 032 0RO 024114 0.124| 0214 0.108 0.116 0.1 0.18 0p1 012124

14 Ethion ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

15 Carbaryl ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

16 | Aldrin ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

17 Captan ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

18 Pp DDT ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

19 Endosulphan-Il | 154 | 159| 164 152 070 0892 098 992 0890 090.71 | 0.88| 0.81] 0.58 0.87 05p 058 069 O0ff0 071

20 P p DDD ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND | ND ND ND

21 Captafol 031 | 041 051 0.33 0.36 022 03 042 O0p4 0]27.15Q 025| 035/ 0.098 020 0.098 001 o041 o0f17 0)15

22 Permethrin 025 | 030| 0.35] 0.30 0.27 023 028 033 0p8 0[25.21Q 026| 031 04152 023 0.148 0.1P8 0.248 026 501

23 Cypermethrin 0.4C | 05C | 0.6C | 0.4Z | 0.4F | 0.284| 0.384 | 0.48< | 0.30« | 0.33< | 0.21Z | 0.31Z | 0.41Z | 0.14¢ | 0.217 | 0.12¢ | 0.22¢ | 0.31¢ | 0.227 | 0.13¢
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Table-2: Effect of processing on pesticide residuggg g ) in cauliflower

Sr.no | Name of Pesticide| Raw Washing Boiling Cookin
74.1-94.1
. 85.1-95.12 30.21-48.5 21.2-39.5
1 | Dichlorvos (91.51) %8542‘]5) (36.95) [51.62] | (29.78) [67.46]
201324 | 0567-1.26 0.410-0.98 0.10-0.890
2 | Monocrotophos (2.544) | (0.763) [70.00]| (0.746) [70.67] | (0.374) [85.30]
s | Phorate 0.076-0.096] 0.062-0.082 | 0.038-0.058 0.01-0.043
(0.0848) | (0.071) [16.27]| (0.0472) [44.34]| (0.0264) [68.87]
4 | parathion 5.99-7.99 277477 1.942.17 0.99-1.23
(6.96) | (3.74) [48.26] | (2.07) [70.26] | (1.324)80.98]
= | pendamethalin 0.29-0.41 0.20-0.32 0.108-0.214 0.11-0.18
(0.336) | (0.244) [27.38]| (0.135) [59.82] | (0.129) [61.61]
0.580.88
0.70-1.64 | 0.890-0.992 0.58-0.70
6 | Endosulphan-Ii (1.398) | (0.933) [33.26] [5105'76‘1)] (0.654) [53.22]
0.31-051 0.22:0.42 0.15-0.35 0.01-0.170
7 Captafol ;
(0.384 | (0.294) [23.44 | (0.210) [45.31 | (0.081) [78.91
0.230.33
. 0.25-0.35 0.152-0.310 0.148-0.26
8 | Permethrin (0.294) ([%282‘1‘) (0.232) [21.08] | (0.201) [31.63]
) 040060 | 0.284-0484 | 0.148-0.412 0.133-0.318
9 Cypermethrin (0.474) | (0.358) [24.47]| (0.217) [54.22] | (0.206) [56.54]

Cooking was observed to be more effective in reuythe residues. By this process, reduction ofltes of nine
pesticides was observed in the range of 31.63-8p&3@ent. The great variation in reduction of res& by

boiling/cooking was observed which may be attriduie the rates of degradation and volatilizatiorresfidues as
the concentration of residues increases by heatviesl in boiling/cooking. Maximum reduction was ebged in

the case of monocrotophos, parathion and captdferevthe residues decreased to the extent of 880893 and
78.91 percent respectively. Hollamd al, [20] reported appreciably reduction in pesticiésidues in different
commodities by using different processing methddisnce, the present results are in consistent wighearlier
results.

CONCLUSION

It can be concluded that residues of dichlorvoserled their respective maximum residue limits amsl 67.46 %
minimized by cooking process. It was found that hitag; boiling and cooking process minimized thetjoete

residues of nine pesticides in the range of 3.3R;70@1.08-70.67 and 31.63-85.30 percent respeygtivEhe

percentage reductions in the present study areosigup by both early and most recent publicationsese
reductions are extremely important in evaluating fisk associated with ingestion of pesticide nesg] especially
in vegetables, which are eaten by almost all incgnoeips’ people. The present study showed thatingokas

found more effective than washing and boiling.
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