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Abstract converted to residual amounts in consideration of the
change in weight after processing, the residual amounts of
BACKGROUND: As the demand for strawberries increases, the tested pesticides were reduced by 59.8-98.4% during

people are paying attention to food safety in strawberry, processing. The processing factor (PF) were different for
especially pesticide residues. To remove the pesticides from each pesticide, but PFs were < 1 for all washing solvents and
strawberry, various washing and processing technique in methods, and 0.06-1.40 when processed into jam.
households are additionally required. CONCLUSION: To ensure the consumption of pesticide-
METHODS AND RESULTS: Strawberries were washed free strawberry, the most efficient washing method is to
with water, detergent, alcohol, and ultrasonication and immerse the strawberry in fresh water for few minutes,
processed to strawberry jam. The mean reduction efficiency followed by rinsing them under running water.

according to the washing solvent and method was found to

be higher in the order of detergent (42.5%) > alcohol Key words: Pesticide residue, Processing Factor, Removal,
(41.7%) > water (41.3%) > ultrasoniation with alcohol Strawberry, Washing

(40.2%) > ultrasoniation with water (38.6%) > ultrasoniation

with detergent (36.9%), but there was no significant M B2

difference among the treatments. The residue levels of

pesticides during processing to jam decreased by @7|(Fragaria x ananassa)®| 2018 =] Aul 24
11.9-94.4% for etoxazole, fluopyram, procymidone, 6,062 ha, WAFEL 183,639=0% A A Auj wZ <)
spiromesifen, and prochloraz, while the other pesticides 14.4% 2 AkFel 9.8%E AAshs 145 A Z&Folrt
were concentrated by boiling, or rather increased by (Kim et al., 2013; KOSIS, 2018). 2017'd =1 %FEAol] u}
11.8-40.2%. However, when the residue levels were =29 1909 19 554 g W7|5 AFstaL glem g 7

W) 7 ek 47} ke 2% ) s
=} BE HolP} B ok WlE A, ololnT, A,
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2.624, spiromesifen 1.716, prochloraz 2.543 mg/kg ©l
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Table 1. Analytical conditions of LC-MS/MS for the pesticide residues in strawbetrries
LC Condition
Model Shimadzu Nexera UFLC 8045
Column SHISEIDO C18 [150 mm(L) x 3.0 mm(i.d)., 3.0 um]
Column Temp. 40°C
A: H,O with 0.1% formic acid and + 5 mM ammonium formate
Mobile phase
B: MeOH with 0.1% formic acid and + 5 mM ammonium formate
Time (min) Gradient
75% A 15% B
40% A 60% B
12 10% A 90% B
15 10% A 90% B
18 2% A 98% B
20 95% A 5% B
Injection volume 10 uL
Tandem MS Conditions
Model Shimadzu LC/MS 8045
Ionization mode Electrospray ionization (ESI)
Nebulizing gas flow 3.0 L/min
Drying gas flow 15 L/min
CID gas (Ar) 230 kPa
DL Temp. 250°C
Detector voltage 2 kV
MRM Condition
Pesticide Retention Tonization Precursor Product Q1 Pre Collision Q3 Pre
time type ion ion bias(V) Energy(V) bias(V)
223.1 126.15 -30 -21 -13
Acetamiprid 54 +
223.1 99.05 -30 -38 -19
343.0 307.2 -23 -20 -22
Boscalid 9.7 +
343.0 140.1 -23 21 -29
203.0 129.1 -22 -13 -21
Dinotefuran 4.8 +
203.0 114.1 -10 -14 -23
360.0 140.9 -18 -29 -26
Etoxazole 14.8 +
360.0 113.0 -17 -55 21
230.0 203.05 -15 -15 22
Flonicamid 4.8 +
230.0 148.1 -15 -27 -29
265.9 228.9 -29 -15 -24
Fludioxonil 9.9 +
265.9 157.9 -13 21 -11
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Table 2. Analytical conditions of GC-MS/MS for the pesticide residues in strawberries

GC Condition

Model Shimadzu GCMS-TQ8050
Column DB-5MS (30 m x 0.25 nm, 0.25/m)
Rate (°C/min) Temp. (°C) Hold (min)
- 90 3
T .
Oven Temp 20 120 0
8 300 3

Injection Temp. 280°C

Injection Volume

1 uL (splitless 2.0 min)

Source Temp. 250°C

Transfer line Temp. 280°C

Manifold 40°C

Tonization Electron ionization (EI), 0.7 kV

Flow rate He at 1.5 mL/min

MRM Condition

Pesticide Retention Hme Quantitative ion  Collision Energy  Quantitative ion  Collision Energy
(m/z) V) (m/z) V)

Fluopyram 17.853 173.00>145.00 15 223.00>196.00 15

Procymidone 18.039 285.00>96.00 15 283.00>255.00 10

Spiromesifen 21.491 272.00>254.00 10 272.00>209.00 15

Prochloraz 24.584 180.00>138.00 10 310.00>70.00 10

F Aglon, AlF F 0384 mg/kg 3t 61.6%2) 7FE
Fo AZES Bl sk boscalid"ﬂr/} A AH A A
Sl | 10F MY Fere] B AAES AAI42.5%) > 4
T4L7%) > =(41.3%) o= 1%5}‘5\'2‘4 7zt AA gl
B AAE Aol FE FEP) e 5% TEOE
ANOVA %5 39E& W p=0.9872% VFeEb} A% Gulj<]

Tk Al woke] Bt AAEL Fgk Aot gl
Ao® et

ol A8t 183 259 AFS %S W, 2] F
5ok FE 0.031-2.022 mg/kg O & 7] ol H]
3l 22.4-62.8%° HAiEe B0 59 AHS 44 ¢
= 7399k 32°] boscalid ] A7l 7 =7 HEbt Al
AE AH Fiz ste] 1827 259 AHS %S o
9] AHEL 18.7-64.5% 321, boscalid®] #F3o] 0.355
mg/kgl2 7P wo] AA=SCH flonicamid”} 0.087
mg/kgZ 7H AA AAR Fow vkt ?Oﬂ A8t
of 2ok AHIE W) AHELS 231-644%% = B AAE
ol 25uk AHBISS we} g AlFEE Belom,
el Wsht 7 2 59k boscalid (0.356 mg/kg) 3l
ow 7P A2 FoRE fluopyram (0.309 mg/kg)ol3it.
250 A7) ol gsto] 3714 AlA Sz A 5 A
e ZARE A3 259 2540.2%) > 259 =(38.6%)

253 AAE6.9%) 0% YeRton AXAH o]
Al 84 319 o) p=0.880022 WiFEere] AL Al

>

% pL
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Table 3. Removal efficiency of the pesticide residues in strawberries during washing

Removal efficiency (%)

Initial
Pesticide Concentration Immersed Ultrasonicated
(mg/kg)” Water Detergent Soju Water Detergent Soju
Acetamiprid 0.1561+0.003 38.5 429 36.5 35.9 32.1 37.2
Boscalid 0.999+0.026 65.1 719 61.6 62.8 64.5 64.4
Dinotefuran 0.352+0.011 46.9 53.4 455 472 372 494
Etoxazole 0.071+0.003 63.4 66.2 57.7 56.3 56.3 57.7
Flonicamid 0.107+0.002 40.2 46.7 35.5 35.5 18.7 35.5
Fludioxonil 0.324+0.010 46.9 47.5 50.3 46.9 444 56.2
Fluopyram 0.402+0.004 13.9 9.2 12.4 224 20.9 23.1
Procymidone 2.624+0.020 254 24.7 26.3 229 28.6 25.3
Spiromesifen 1.716+0.020 429 36.7 43.5 31.0 35.1 279
Prochloraz 2.543+0.040 29.5 254 48.0 249 312 25.7
 Mean of triplication concentration + Standard deviation
Table 4. Residual amount of tested pesticides in processed strawberry jam calculated with sample weights

Raw agricultural commodity (RAC) Processed agricultural commodity (PAC) Removal

Pesticides Initial . Weight of Residualb) Initial . Weight of Residualb) efficiency
Concentration ~ Samples Amount Concentration ~ Samples Amount (%)

(mg/kg) * (kg) (mg) (mg/kg) ¥ (kg) (mg)
Acetamiprid 0.156 0.201 0.187 0.069 65.6
Boscalid 0.999 1.289 1.117 0.414 67.9
Dinotefuran 0.352 0.454 0.396 0.147 67.7
Etoxazole 0.071 0.092 0.004 0.001 98.4
Flonicamid 0.107 0.138 0.150 0.056 59.8
1.291 0.370

Fludioxonil 0.324 0.418 0.432 0.160 61.7
Fluopyram 0.402 0.519 0.354 0.131 74.7
Procymidone 2.624 3.387 1.923 0.712 79.0
Spiromesifen 1.716 2215 0.902 0.334 84.9
Prochloraz 2.543 3.282 1.869 0.692 78.9

% Mean of triplication concentration; ® Residual amount = Initial concentration x Weight of samples
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ek A0 Yehskow Aoz 7hyste] w2} etoxazole,
fluopyram, procymidone, spiromesifen %! prochloraz
o) ZHFE2 0.004-1.923 mg/kg O 11.9-94.4% 74313
tHFig. 1). ©l= 27148 AEE flst] AL 7ML il
7] wzel dell ol okl ez i Aow gl
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Fig. 1. Reduction efficiency of tested pesticides in strawberry jam by processing.
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Fig. 2. Processing factors of the pesticide residues in strawberries during washing and
processing (U = ultrasonicated).
Table 5. Processing factors (PFs) of tested pesticides in strawberries during washing and processing
. Immersed Washing Ultrasonicated Washing Processing
Pesticides
Water Detergent Soju Water Detergent Soju Jam
Acetamiprid 0.62 0.57 0.63 0.64 0.68 0.63 1.20
Boscalid 0.35 0.28 0.38 0.37 0.36 0.36 1.12
Dinotefuran 0.53 0.47 0.55 0.53 0.63 0.51 1.13
Etoxazole 0.37 0.34 0.42 0.44 0.44 0.42 0.06
Flonicamid 0.60 0.53 0.64 0.64 0.81 0.64 1.40
Fludioxonil 0.53 0.52 0.50 0.53 0.56 0.44 1.33
Fluopyram 0.86 0.91 0.78 0.78 0.79 0.77 0.88
Procymidone 0.75 0.75 0.74 0.77 0.71 0.75 0.73
Spiromesifen 0.57 0.63 0.56 0.69 0.65 0.72 0.53
Prochloraz 0.71 0.75 0.52 0.75 0.69 0.74 0.73

A 7 she w3 T Tl osk dhe] Wk
ool AEs 7] AIF 9 7k 4 AR serd Thy

Table 5¢]4 X.i= uke} 3¥o] acetamiprid
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Z 4l 713of sl 0.28-0.37, 1.12 ©|% 2, dinotefuran<
0.47-0.63, 1.13, etoxazole< 0.37-0.44, 0.06, flonicamid+
0.53-0.81, 1.40, fludioxonil< 0.44-0.56, 1.33, fluopyram
< 0.77-091, 0.88, procymidone<> 0.71-0.77, 0.73,
spiromesifen< 0.56-0.72, 0.53, prochlorazi= 0.63-0.75,
0.730.% ARk 2 AdoA st AHI 5 Al
SO T AT B 1 ofskR AkEE o] BYE AlAshs
S o] aeke Ae g1 ¢ gllen, 1 gkel

AETE 7] AR di) AAEe] S nlsh] Wi
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785 Aol FrkekE Alo® SISt

Lozowicka 5(2016a, 2016b)> B715 %5, 2&,
Zo3k AE 2 ZA S 7 ATE AFES 47, bocalid 9
749 0.32-0.61, fludioxonil<> 0.40-0.48, acetamiprid
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