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Meta-Analytic Approach to the Effects of Food Processing Treatment
on Pesticide Residues in Agricultural Products
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Abstract A trial of combining and quantifying the effects of food processing on various pesticides was
carried out using a meta-analysis. In this study, weighted mean response ratios and confidence intervals about
the reduction of pesticide residue levels in fruits and vegetables treated with various food processing
techniques were calculated using a statistical tool of meta-analysis. The weighted mean response ratios for tap
water washing, peeling, blanching (boiling) and oven drying were 0.52, 0.14, 0.34 and 0.46, respectively.
Among the food processing methods, peeling showed the greatest effect on the reduction of pesticide
residues. Pearsons’s correlation coefficient (r=0.624) between weighted mean response ratios and octanol-
water partition coefficients (logP,,) for twelve pesticides processed with tap water washing was confirmed as
having a positive correlation in the range of significance level of 0.05 (»p=0.03). This means that a pesticide
having the higher value of logP,, was observed as showing a higher weighted mean response ratio. These
results could be used effectively as a reference data for processing factor in risk assessment and as an
information for consumers on how to reduce pesticide residues in agricultural products.

Key words meta-analysis, food processing, pesticide residues
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Table 1. Summary of articles concerning the effects of food processing treatment on pesticide residues in vegetables

Reference Processing method Vegetable Target pesticide

Abou-Arab (1999) Tap water washing, =~ Tomato HCB, lindane, p,p-DDT, dimethoate, profenofos,
peeling pirimiphos-methyl

Aguilera et al. (2014) Tap water washing,  Green beans Acrinathrin, fipronil, pyridaben, kresoxim-methyl
boiling

Bonnechere et al. (2012a) Tap water washing,  Carrot Boscalid, chlorpyrifos, difenoconazole, dimethoate,
peeling, blanching omethoate, linuron, tebuconazole

Bonnechere et al. (2012b) Tap water washing,  Spinach Boscalid, deltamethrin, iprodione, mancozeb,
blanching propamocarb

Cengiz et al. (2006) Peeling Cucumber Dichlorvos, diazinon

Cengiz et al. (2007) Tap water washing, =~ Tomato Captan, procymidone

Chavarri et al. (2004)
Chavarri et al. (2005)

Fernandez-cruz et al. (2006)

Hassanzadeh et al. (2010)
Hwang et al. (2015)

Kang et al. (2005)

Kim et al. (2015a)

Kim et al. (2015b)

Lee et al. (2001)

Lee et al. (2006)

Lee et al. (2009)
Lentza-rizos et al. (2001)

Lietal. (2012)
Liang et al. (2012)

Radwan et al. (2005)
Ramezani et al. (2015)
Randhawa et al. (2007)
Reiler et al. (2015)
Soliman (2001)

Yang et al. (2012)

Zhang et al. (2007)

peeling
Tap water washing

Tap water washing,
peeling, blanching

Tap water washing

Tap water washing,
peeling

Tap water washing,
drying

Blanching, boiling

Tap water washing,
blanching, drying
Tap water washing,
boiling

Drying

Tap water washing,
blanching, drying

Tap water washing,
blanching, drying

Tap water washing,
peeling, boiling

Peeling

Tap water washing

Tap water washing,
blanching

Peeling

Tap water washing,
peeling, blanching

Tap water washing,
peeling

Tap water washing,
peeling, blanching

Tap water washing,
blanching

Tap water washing

Tomato, asparagus

Tomato, spinach,
asparagus

Cauliflower

Cucumber
Spring onion

Spinach, broccoli,
sweet potato,
winter squash

Pepper, pepper leaves
Pepper, pepper leaves

Pepper, squash, sweet
potato

Pepper leaves
Pepper leaves
Potato

Tomato

Cucumber

Pepper, eggplant
sweet potato

Cucumber

Spinach, eggplant
cauliflower, okra,
potato, tomato

Tomato
Potato
Green chili, chinamul,

perilla leaf
Cabbage

Lindane, chlorprifos, cypermethrin, chlorpyrifos
Chlorpyrifos, EBCD, cypermethrin

Captan, fenitrothion

Carbaryl
Etofenprox

Chlorpyrifos, cypermethrin, deltamethrin, diazinon,
dichlorvos, endosulfan, EPN, fenvalerate,

Pyridaben
Dimethomorph
Chlorpyrifos, fenitrothion,

Cypermethrin, bifenthrin, chlorfenapyr, esfenvalerate,
imidacloprid

Dichlofluanid, flusilazole, folpet, iprodione, cyhalothrin,
lufenuron

Chlorproham

Clothiandin

Trichlofon, dimethoate, dichlorvos, fenitrothion, chlo-
rpyrifos

Profenofos

Metalaxyl
Chlorpyrofos

Chlorpyrifos, dimethoate, malathion, ethyl-parathion,
methyl-parathion

HCB, lindane, , p,p-DDT, dimethoate, primiphos-methyl,
malathion

Acetamiprid, trifloxystrobin, azoxystrobin,

Chlorpyrifos, p,p-DDT, cypermethrin, chlorthalonil
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Table 2. Summary of articles concerning the effects of food processing treatment on pesticide residues in fruits

Reference Processing method ~ Fruit Target pesticide
Angioni et al. (2004) Tap water washing ~ Strawberry Azoxystrobin, pyrimethalin, fenhexamid
Athanasopoulos et al. (2005)  Drying Grape Methamidophos
Balinova et al. (2006) Tap water washing, Peach Chlorpyrifos-methyl, fenitrohion, procymidone
peeling
Byrne et al. (2004) Boiling, drying Apple, cherry Chlorpyrifos
Cabras et al. (1997) Drying Apricot Dimethoate, omethoate, fenitrothion, ziram
Cabras et al. (1998a) Drying Grape Iprodione, phosalone, procymidone, benalaxyl,
dimethoate, metalaxyl, vinclozolin
Cabras et al. (1998b) Tab water washing ~ Prune Bitertanol, procymidone, iprodione, phosalone
drying
Cabras et al. (1998c) Drying Apricot Bitertanol, procymidone, iprodione, phosalone
Chen et al. (2015) Tap water washing ~ Cowpea Chlorantraniliprole
Christensen et al. (2003) Tap water washing  Strawberry Tolyfluanid, fenhexamid, pyrimethalin
Fernandez-cruz et al. (2004) Peeling Kakis fruit Fenitrothion
Han et al. (2014) Tap water washing, Apple Pyridaben
peeling
Lietal. (2012) Tap water washing  Orange Imidacloprid, carbendazim, abamectin, cypermethrin,
prochloraz
Pugliese et al. (2004) Tap water washing  Nectarine Chlorpyrifos, fenarimol, iprodione, malathion, methi-
dathion, myclobutanil, parathion-methyl, pirimicarb
Rasmussen et al. (2003) Tap water washing, Apple Chlorpyrifos, cypermethrin, deltamethrin, endosulfan-
peeling, boiling alpha,beta,sulfate, fenitrothion, fenpropathrin, iprodione,

kresoxim-methyl, lambda-cyhalothrin, quinalphos, tolyflu-
anid, vinclozolin

Table 3. Sample numbers attributed from references showing 0 o
the effects of food processing techniques on pesticide residues

in agricultural products
6.00p~

Sample numbers in meta-analysis

Vegetable Fruit Total o

Tap water washing 336 175 511
Peeling 143 82 225 »
Blanching (boiling) 219 79 298 B0
Oven drying 51 66 117 o

3.00}- o

Processing technique
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Table 4. Meta analytic parameters about the pesticide residues of fruits and vegetables treated with the food processing techniques

Processing type o o® R* 95% CI 99.5% CI

Tap water washing 47658 0.412 0.522 0.468-0.583 0.446-0.611
Peeling 160473 7.286 0.140 0.072-0.273 0.054-0.365
Blanching (boiling) 59471 2.128 0.344 0.255-0.464 0.224-0.528
Oven drying 3142 0.553 0.462 0.360-0.592 0.323-0.659

#O-statistic (homogeneity test).

*Non-sampling variation (intra-assay coefficient of variation).
“Weighted mean response ratio.

“Confidence interval.

Table 5. Physicochemical properties and weighted mean response ratios about the pesticides in vegetables and fruits processed with

tab water washing

Water solubility at

Pesticide® Pesticide type Substance group 20°C (mg/L) LogP,,’ R*

Azoxystrobin Fungicide Strobilurin 6.7 2.5 0.089
Boscalid Fungicide Carboxamide 4.6 2.96 0.395
Chlorpyrifos Insecticide Organophosphate 1.05 4.7 0.644
Cypermethrin Insecticide Pyrethroid 0.009 5.3 0.706
Deltamethrin Insecticide Pyrethroid 0.0002 4.6 0.837
Fenitrothion Insecticide Organophosphate 19 3.32 0.781
Iprodione Fungicide Dicarboximide 12.2 3.1 0.721
Lindane Insecticide Organochlorine 8.52 3.5 0.715
Malathion Insecticide Organophosphate 148 2.75 0.812
p,p-DDT Insecticide Organochlorine 0.006 6.91 0.857
Procymidone Fungicide Dicarboximide 2.46 33 0.649
Profenofos Insecticide Organophosphate 28 1.7 0.113

?All pesticides were mentioned at least not less than three agricultural products in the references.

®Octanol-water partition coefficient at pH 7, 20°C.
“Weighted mean response ratio.
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