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Abstract This study used gas chromatography combined with the microelectron
capture detection method to determine the most effective washing and cooking
The initial isoprothiolane
concentrations in brown and polished rice, before washing, were 17.03 mg/kg and
1.67 mg/kg, respectively. Residual concentrations declined with more washing
cycles (19.3-59.3% for brown rice; 43.1-66.5% for polished rice); and by increasing
the temperature of the washing water from 5C to 40C (56.6-63.1% for brown rice;
67.1-74.9% for polished rice). Hand-washing samples using gentle stirring or harsh
rubbing reduced pesticide concentrations by 63.1-71.6% for brown rice, versus

methods for removing isoprothiolane from rice.

75.4-87.4% for polished rice. Reduction in isoprothiolane concentrations varied
based on the rice cooker type and whether the rice was pre-soaked. Immediate
cooking using an electric- or pressure-cooker showed 78.5% and 78.4% reduction
in brown rice, compared with 94.0% and 94.0% for polished rice, respectively.
Pre-cooking immersion for 30 min showed similar reductions of 83.4% and 83.4%
in brown rice, versus 95.8% and 95.8% in polished rice. The results of this study
suggest that the most effective method for removing residual isoprothiolane from
both brown rice and polished rice was to wash six times (with vigorous rubbing
during the 2nd and 3rd washing) in 7-fold water at 40T, followed by immersion
for 30 min before cooking. Regardless of the type of rice cooker, heating is
sufficient to remove an average of 83.4% and 95.8% of isoprothiolane from brown
rice and polished rice, respectively.

Keywords rice, isoprothiolane, washing, cooking, reduction effects
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A2 FEorAoF Aol A5 AuE] o] -2UehE HIZoto] ofAlof A oA TR )
o] P2 HFsH F4o2 AW JtHKim 5, 2011). &2 48 & Hu|7|5 o]gsto] &
HO GAE AAT & Av|Y FH= HFHtAY EAE HAW] Win9] Pz HH 3t
(Cho, 2006; Lee, 2008). Egt, A2 AW A2 thAto] & AT ol Tdid ol&& 4
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48} §4-go] Eom, Wrohu|inat FRo] Wot Gyt

How 9sslo] of 55 BA| A% S ul w2 EH
2 SHHEmiko, 2001: Lee, 2008).

ol Al 34 F AR EE SOk - oE WA, Wz

WA, BY B 9 AT 37 52 sl R §

(o]
29 JEZ Al glen, A 24§ 285 E k5

WKang 5, 2015), FFoll4= %Y SHE AH-Z Hst
of AEHE FURMIAETIEE Aok, 52 9 sANE
of] 5t HokAE5]87|F(maximum residue limit, MRL)
< AAsto] bdsHAl BEfsk ArkKim, 2014: Kim,
2022). S-=ubet AR ekEQPAA oA AlFe] thet Bekkt
F95]-87|8L abamectin 5 444FS 2751909, &
+ isoprothiolane & 170&<& A7sto] Istal Ut
(MFDS, 2023b). Isoprothiolane &%k 9] o]AtulEH
ojuf =Y 52 Aot Tl AREL TP AtA
2 A AYohKim, 2011; Lee, 2017). W FE5E
A 63712 A AT A3} 67do] AEEeH, 24
4 59 209%F § HEH 52 isoprothiolaneO.Z %t
F92 0.01-0.04 mg/kgel®(Kim 5, 2008), Kim &
(2011) o] Higt 110% &< JFAHE 2AF 23 69
79 & A& % isoprothiolane 37°] HEE ] 4.3%2]
HEES B30, IFFE 0.02-0.16 mg/kg2=E MRL
o5} 9] woo] AEH AL HiIsHth

FEEE AE S0l AREE F2 AA ZHAQ Rl
E FAE @A, aHAEA B & 4 JleE
AlEo AREe oY Atk 8% A7t vt &
% tHCho, 2022; Hwang, 2013; Kim, 2020). THE}A]
SAREO X B AASH| A3k AlE 2 7Hs ol
TeE A} o]of thgt ARAES] A E ForA| I Ut
(Kwak 5, 2019). 52 A3 A)7|¢} E57c o2t 54
of ZFEE o] 2= 2(Kwon, 2004; Ro, 2017), AA]
2o AA 9 7k B TE ZHRE HskE RARSHE A
o] Ahof tigt QH/d FHof Fast 7|2A=7T € Aol

2 7+ ol O 5o XRgol Wt oot ot A
I AHEH Ro 5(2107)2 @v]of| hexaconazole 4

fl
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TAE AT R 28 =2 T2 AR & &
o] whet 52kl 40-50% AAHES ERIst2H, Cho
9} Im(2022)2 Avjel WujollA =7, AlH 9 FEio] wE
buprofezin 79| HoE &Qlgt 23, 128 &1 &
92.1%, @Av|e} W] BE AF S4(1-53))7} S7HdE
o] AQ1-67%)0t3oH, FHEE & HAEL 82-
83%= Hilstth. Hwang 5(2013)2 @9 AlA Sl
£ 1,3, 5% 73 2Yst9Z 1 fthalide= 9.7-24.3%,
isoprothiolane< 18.5-46.0%2] #H4&S ERIstom,
22 345192 © phenthoate= 59% AIAE At B
UBHATHKIm 5, 1996). ©|9}F 2ol Ao et 7k WhHTt
AlE Sl e F9F AT Bt A4 EsHA ol F
ofAx qlout Ao AlF Wy W Fwh IpHo| wE
isoprothiolane 74 &3to] thgt dA= mlH[gt AAo|tt,

A, 2 At W Al Al 3 - SIS Ao AR EE

5F 5 I 95 ol 4& o]go] = isoprothiolane
S Aoto] & Hut d MFHEQ vE, 35, 229
22 ThoFst AlA v a Huk A S BEYel A oF
2 5 47 bRk 9 A7NES ol8ste] FHut 2y
Z A9 59 AA WHE mtotaAt s

2. Mz % diH

2.1. AISF & M2

2 AtollA= 20220 $E%t Au)E dfFoflA] Ao
sto] ARE31990H, isoprothiolane(Kemidas, Gunpo,
Korea)< 1,000 pg/mL 5= EFEZE FUoto] A&ot
Act. HAE ol acetonitrile high-performance
liquid chromatography(HPLC)-&(]. T. Baker, Radnor,
PA, USA) &WlE ARESHAL,
sesquihydrate(99%), sodium citrate(99%), magnesium
sulfate(99.5%) ¥ sodium chloride(99.5%)(Sigma-Aldrich,
Maryland Heights, MI, USA)E Fuisto] AR&5titt. 4
Al I A primary secondary amine(PSA) E C18
(Agilent Technology, Santa Clara, CA, USA)S 45t
of ARESHH

sodium hydrogenate

2.2. Al AlZ

so0] B GO o Arle Pofslel & A
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A O}ﬁgtﬂ, 24_}_7](KED-132A, Kiturami, Seoul, Korea)
£ o|-&sto] 30CNA 3AIE B2t xS ¥in|= HEE
dulE AFu]7|(DY-5000R, Dongyangcm, Yeongcheon,
Korea)g AH&ato] 128 ZH|Z Z=Asto] Wiu] A|g =2 A
&5ttt

2.3 4 MEFH L OIF e
2.3.1. 2 M| gt

& AH ol T 37151
flsto] Aol Ao T R AE L 9 MY}
o] AREol o (Han, 1999; Hwang, 2013; Kim, 1979;
Kim, 1996), AlA=9] vl A4 Sl AHES 2%
ol g2 HhEos Basiolh

AR, AHZ9] HlEd} A Sl= & 200 gofl & FA9
1.581(300 mL), 2¥H(400 mL), 38H(600 mL), 5¥H(1,000
mL) 740(1,400 mL) &2 7Isto] vlE&S 2Esiqith. &
o7 AYS 17 10x <t 179 7\101—7“: Zﬂé—’-_ 13]& s}

I 3 3] Ao BUH M2 B2 F7I6ISiH Ald Sl
TE HeE|o] s 242t 3, 4, 5 2 63|12 stgom At
A= A& ol&ste] = AAT & AFdE EAs6Ieith

SR, AEEe] L= & 200 gofl & %E— 5,15 % 40T
= geoto] Al axprt S45id Hel & FA 9] 7
2 A7lolo] 03] AlEe & AR H|w 242 st

AR, AlZ BH2 & 200 gofl 748 &8 Yol 63](10%
ZH174) £08 HPOE AoljF= FHA), A TH F 23]
Al Al 1027t B2 £0= HBA AlHsk= 7HB), B W
% 33 AEA] 1027F B2 <02 HEA AZHtt= 7(0)
2 dEisto] IR AlFE AlRE AL &
A5 ojnf AlHESY == 40CE IS

isoprothiolane HHFE &

=
AR5FS

o) 0

EH
[=]
e B ATE Fuslel /el g I
W9 e A

SFEHKim, 1991; Kim, 2017a; Kim,
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2017b). A& A& & ZutE Fukst 319} 3087 2ol &
g F 7RSSt R URslen, o

o]gsto] 7hgstltt. Au|et ¥Wiu]E Z4ZF 200 goll ’\ﬂ’:‘i
a7 SRt T £, 63 AlA 5 2-33] Zofl &
E HHA Al Fsk= C )R AT & & FA9 1.5
11 2] (300 mL)& 7Iste] Fykslgict. dnje} wWw]o] &
RS A 7]Hk(SB-56RC, Kitchenart, Incheon, Korea)
T} 4 HFE(CRP-HD1010FI, Cuckoo, Yangsan, Korea)
S olg3to] 4087t 7HY & 2087 BE B FHre 9=
o T B4 AIEE ARSI

%
g3 ISFF 10 mlE 3@? = 1Az B 51
o] A& acetomtrlle 10 mLE #H7Fsko] 582 2,000
rpmO.& 3t & 4 g magnesium sulfate, 1 g sodium
chloride, 1 g sodium citrate ¥ 0.5 g sodium hydrogen
citrate sesquihydrate® 7ot Al 3E7F 2,000
rpmO & Agsto] &5} o] 22N UAMED (4T,
4,000 rpm, 10 min)st A5 1 mLE skl 150 mg
magnesium sulfate, 25 mg PSA 2 25 mg C18& #7}
Sto] 3027t vortexing & ¥AE2](2,000 rpm, 3 min)
Stttk YAEe A5H 500 #LE GC-1#ECD(7890A,
Agilent Technologies, California, USA)E Ar&sto] &
Aollom(Table 1), A5 TAE&S o 202 Akt

st

Hae) =
7 A 979 5% AFHme/ke)
- 7k % 59F ARF(ng/ke)

x 100
7t A 989 59 HEFHmg/ke)
2.5 24E9 Rl &5
e BATHE TARETA198](Codex Alimentarius

Commission, Codex) 7} E&I(CAC/ GL 40)(Codex,
2003y A-gsto] Al XA (linearity), AESHAI(limit
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Table 1. Analytical conditions of GC-uECD

Instrument Agilent 7890A gas chromatograph equipped with
uECD, USA

Column HP-5 30 m length x 250 um ID x 0.25 um film
thickness

Temperature Inlet 260°C
Oven
70°C (2 min) — 5C/min — 158°C (3 min) — 10°C/min
— 185°C — 15C/min — 195C — 20°C/min — 240°C
(5 min) — 30C/min — 300C (15 min)
Detector 300C

Flow rate Carrier gas (No) 54 mL/min

Injection volume 1 ul

Split ratio 50:1

of detection, LOD), FZeHA(limit of quantification,
LOQ), 34E&(recovery) ¥ AEA(reproducibility)el
et Fa/dE ASsIeih A4S #8HE acetonitrile
o 8]43}o] 100 mg/LY working solution& A|&5}1L,
ol Y &ujz2 345} isoprothiolane= 7.5 mg/L
T2 EEEAG Al xsto] HFAS A5l A&t
A}t AFeA = AZAEIAGNA AT of F-2HI(S/N
ratio)7t 217+ 3 & 10 o= Siginh AIERe A
B7kst7] floted ZF Alge] ti2F Alme] AT 52
RGNS A7sto] B4 & 35E AL SYsiach
Al se LOQ, LOQY 108 & 50Hj9] sfgsth= 5k
2 7} Ao 3HHEC R 359, dag Ao Hat
3} Ho|A4(coefficient of variation, CV)E AF&3dlo] B

489 9ENE AEHA.

2.6. EH24

2 970 Ad A= 33 vk S74slo] Bt #EEAt
2 Yehlon, SA A2 Statistical Analysis System
(SAS version 9.4)= ©]-&sto] EAMRA(ANOVA)E A4
9o, 494 AH(p<0.05)2 Duncan? tHEHAH

(Duncan’s multiple range test}2 ©]-835}ich.

7
B4 484 ASE st isoprothiolaned

https://www.ekosfop.or.kr

0.015, 0.03, 0.045, 0.06, 0.075, 0.113 ¥ 0.15 mg/kg
o3& FAsto] YR 13 WA RE AP Aot
At AFAL FAFAHAL v = 2150.3x - 4.257(R*=
0.9995)2 21543} Al coefficient of determination,
RY)E 0.999 o4t & 9F55l9itHFig. 1). Isoprothiolane
o] HEE A7 214809 (Fig. 2), A& € A3t
AL 7k 0.009 2 0.03 mg/kge] ¥t Boo] AEH A
o2 &), W], Hulgt @ wnjukg o]-85to] LOQ(0.03
mg/kg), LOQ2] 10¥1(0.3 mg/kg) X 508H(1.5 mg/ke)
$29 383 HolASsE 247 LOQ 96.7-99.2%,
LOQY] 10¥H 99.4-103.2% % LOQ2] 508 97.5-104.8%,
0.1-0.3, 0.7, 0.2 @ 0.8, 1.4%E =A|XEF24L3]9|
Zhol=gil] 3l& 518 9 70-110%, WHolAlS 20%
o TS5l tHCodex, 2003).

32 ME ZEo mE 5 FE Hlu
3.2.1. MxEQ HIg ¥ MA 20 M2 THRH Hin
Ad Y F & S diBl 29 He Al SiE g
sto] 59F9] HHasS YotHy| Yot & FFY 1.5, 2,
3,5 9 78 5 F7lelal AlF S14E 3, 4, 5 € 63&
st} AlHgt A= Fig. 33 2ot @v|e} Wu]o) A1
7 isoprothiolane 27| FF%2 247+ 17.03 2 1.67
mg/kgol Utk &9 Hl& Al SI+E EEsiols 1 Al
2ot dAv|9] FoF R 1:1.5 HEE 3-63] AlF A]
13.75-11.44 mg/kg, 1:2(13.70-11.35 mg/kg), 1:3(12.96-
10.63 mg/kg), 1:5(12.78-7.52 mg/kg) ¥ 1.7 vl
12.39-6.94 mg/kgel|Sitt. W] 9] Z-§- 7} Bl&of|4 0.92-
0.64 mg/kg, 0.86-0.63 mg/kg, 0.93-0.64 mg/kg,

350.00

y =2150.3x - 4.257
300.00 R? = 0.0095

250.00
©
£ 200.00
©
x
$ 150.00
o

100.00

50.00

0.00

0 0015 0.03 0.045 006 0075 009 0105 0.12 0.135 0.5
Isoprothiolane Conc. (mg/kg)

Fig. 1. GC-uECD calibration curve of isoprothiolane standard.
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i- Standard

Isoprothiolane

¥

| Control
—4 \ Recovery

‘l "‘-\\\ o Sample

\_L_JJ_ Yy Koty

Fig. 2. Representative standard, control, recovery, and sample
chromatograms of isoprothiolane.

0.87-0.59 mg/kg, @ 0.77-0.55 mg/kgo]itt. Az o]
Qo] H|w A FoF AFTFo] =2 Hul= 5Hf o4 &2
AR AL A7 500 50% oAt Ao g THAstgo
o, 7Hie] B2 63] AAT o Z4Eo] 59.3%% AA a3t
7} 7P} 2 AoZ ERIE 4= Qi) Wi =Y &

BL115 W12 W13 0 L5 mL7

©

Residual level (mg/kg)
@

4 5 6
Number of washing

Aol AA=HA 5ok ZFIFo] Aol AAE F F71
= Q ARoH AlH Sl
7t S7HEE w90 &F At AL IS Al
A B F 594 log Kowdtol 3.5 °loHl 5 254
o7 AlF] 9t o A7 F8% 82lo|thTurner,
2015; Zhao, 2014). ¥ A+9] isoprothiolane %73
59Fo| AT log Kowdtol 2.82 84 54 71 3l
AAE Ft AlH S57t S7Htel weh 59Fe Faso]
EoMA= AoE wdH
Oh 5(2019)9] Aol A A& Slpof] WS Afke] 59F 7
&S ZRIgH A} log Kewdtol 3.5 ©J8kRl acetamiprid
9 dinotefuran® 482 717+ 63.5 9 79.4%0]1.0H,
log Kow@te] 3.5 ©14<l tebuconazole¥}t pyraclostrobin
O AAEL 717 9.0 ¥ 12.4%= AHoE 84 5oF
o] ¥ ¥& Fass YEHATIL HIIsHieh AlFof wf
£ AR5 A4 8= 599 log Kew@to] B2 784
SAYTE Fago] T & A AR FARR
S HERRATE Cho9t Im(2022)2 @Rl 379 1,
1.5 9 28 & H7loto] 15% 59 £02 103] AolF
™ & 33] Al&ste] ZRE= ¥l et A3} buprofezin 7
A& 40.5-46.2%01 01, E3F 1-53] A|F A] 21.6-
57.3% A sttt meba 29 vl AlF 31
F7F 7kl met sofo] AAEUSS ERIstioH, o]

+ isoprothiolane Z4&-&0] 9] v|&3} A|F S0 v

®1:15 m1:2 w13 S 15 mL7

Polished rice 3 5 6

4
Number of washing

Fig. 3. Residual characteristics of isoprothiolane depending on number of washing and ratio of rice/water. (A) Brown rice, (B) polished
rice 1.5, 2, 3, b, and 7 fold of water was added to 200 g of sample for ratio of rice/water. Sample was washed 3, 4, 5, or 6

times. Values are meantstandard deviation (n=3).
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Hog Z7K & A7 Avtet R AT verho

3.2.2. MAE 2x0| ME FRE Hw

AHE 220 o a2l & 2l
E 255 5 15 € 40C2 t24 g Z3E Table 29
UERA AT old] A2 & Bl&o| W2 A& 537t 7
S0l & ofe] 78] Eofl 63] A|lA k= WS AHES
Aok @n9 w9 ARFE 5T EE AlIF Al 7.40
mg/kg, 15CNA 6.79 mg/kg Z 40CNA 6.29 mg/kg
o3 7] ZHF tiH] 56.6, 60.2 ¥ 63.1%9] HAES
gelstltt. BH win] o] - 5ToA 0.55 mg/kg, 15C
oA 0.53 mg/kg ¥ 40COA 0.42 mg/kge =2 2z}
67.1, 68.3 ¥ 74.9%9] 7488 YERSICt dujet v
R AEE 227t 371858 s AlAC a3t 9l
t Aoz ZERIFHY

Wang 5(2013)9] A7ollA & =5 20 ¥ 40CE 22
slo] A2 Al B2 E0tE % chlorothalonil ¥ chlorpyrifos
AAES Ut A7, 82 2002 Al Al 474 22 4
52%, 40COlA 50 2 62%& B9 27t oSS AR
5 AA Bt S AL skt Park 5(2005)
L E9] 250 W& molinated] At EALS QIS A},
E9] 25271 25CY o 3.2%, 35COlA 14.6%2 2%=7t
10T 2ol wet of 4.64] H $4bsto] 59 2&7F 57t
g ARede Facks AL BT, Hajslova
(1999)= A9 &= Al&sh= AHT 129 25 AAA]
AFaf AAN o &= A, 52 &9 2kt &
o £=7F vlFsto] 5o Rl FF= PA= AR
B 159t (Jo, 2009; Ko, 1996). ol&gt A+ AHE2

I
N1

A7 A} ol B AN B L7 Gl weby
oFo] Bof BHIHAL HAEIE Blgo] A5HolA o
48] ¥olAt Aoz W

o ol iz

H|

3t v A A - ok
A= Fig. 49 2t}
H &2 7812 63] A&st

rA
Ju
oM

3.2.3. MXsl= 4o M=
& A% A Ao Aol

Hpdol WE Rk 4as

ojff & &&= 40CE 3] & 7
ok AE WS A B 9 CE 25t dnE A WS
olgste] 1-63] AF Al %Y ZFFFL 6.29-5.55
mg/kg(63.1-67.4%), B ¥ 6.29-5.38 mg/kg(63.1-
68.4%), C H'HL 6.29-4.83 mg/kg(63.1-71.6%)°] Att.
drls C WA Y F 2, 33 AlF Al £0= HHA
Aoz AlF Al ZHseFo] 71.6% FHasto] AA &3t
7F 7P ekt Wmje] Afole A B AFE A
0.41-0.22 mg/kg, B= 0.41-0.20 mg/kg, CE= 0.41-
0.20 mg/kgQ = FAaE&2 77t 75.4-806.8, 75.4-87.4 &
75.4-87.4%= AF W 7o §-9AQl Aol7} YEhA]
ookt dvlE #Wu|Eoh A1F A 52k 2Rl 108 A
Hro] ARsha long &0 HjuA AT 4L A
a7t 3A AR o= 128 EH|E Eshs 3t
3 % BHO IFE dFE9] ARso] AA=NeH,
o] FoFo] WjEgo g HFEEo] glouR npEEo] Sl A
Aol & Bt YAE Ao wmetHEch

Cho%} Im(2022)2 @w|e} ¥m]9] buprofezin 7] %t
S 747 21.80 ¥ 1.73 mg/kgl & A& 3157} 1-5
3] Z71etol whet AAaeS 21.6-57.3% X 27.4-67.2%%
UEhoH, win]o] 3L ZEFo] nlgko|HR A|F 1}

N
rir
i

J
ro
o o

Table 2. Residual characteristics of isoprothiolane during the washing proecess depending on water temperature

Water temperature (C) Brown rice

Polished rice

Residue level (mg/kg) MeantSD" % Loss?

Residue level (mg/kg) MeantSD % Loss

Initial concentration 17.03+0.24°
5 7.40£0.29°
15 6.79+0.12°
40 6.290.02°

1.670.04°

56.6° 0.55+0.00° 67.1°
60.2° 0.53+0.01° 68.3°
63.1 0.42+0.01° 74.9°

"Mean + SD (n=3).

Y[(Raw product residue — After processing residue) / Raw product residue] x 100.

“dDjfferent superscript letters indicate statistical significance (p¢0.05).

https://www.ekosfop.or.kr
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®method A ®method B = method C W method A M methodB # method C

=
N

-

Residual level (mg/kg)
& o o 5
Residual level (mg/kg)

~

bbb .
1 : b Ckfde bededecde  bedege de cdede cdede [
2 5 = £
7 04
02
0
1 2 6

bbb
cd c ¢ d d
II II “ 9 ii i i_i ; igii
4 5 Polished rice 1

3 2 3 4
Number of washing Number of washing

°

Brown rice

Fig. 4. Residual characteristics of isoprothiolane during the washing proecess according to washing methods (A) brown rice (B)
polished rice. M method A: 200 g sample in 7 fold water for 6 times washing (10 sec/17 times with gentle circling per washing),
I method B: the same as A except 10 sec hard scrubbing in 2nd wash, B method C: the same as A except 2 times hard scrubbing
in 2nd and 3rd time. Values are meantstandard deviation (n=3).

A 5op0] 43 AASOLE Fagol IA Fkor], of  vlg Myl A TPe] fote] o B AAH A
L2 Q7o wulo gago] Auluck wmA R AF v, Anlo 49 B0l AHOR Ho| ¢ AnAoE
3} §ARE A0 BISET. Kim $(1979)2) Q74 alsie 202 BeEd

¥ oo wug AHSES W, BHC BTS2

0.053 9 0.029 mg/kgol™ ZA8L 31 9l 34%= B 3.3 HEF L0 B2 £ FEE H

olon], ARgo] U A Wult AH 5 opo] k% ] A o] M k9] d FIE Table 30

- sofo] 4 =
14 =4 yehts Aog gokel yepfch dulE AlFste] 3087 EY & gEweat
o} Egh EHo] FatE JERA B0k B9l Ao o  AV|HECE FWSlS W AFEE 247 2.82 ¥ 2.83
A7 Yoon 5, 1997)%  mg/kgoE 83.5 ¥ 83.4% Astom, AlF & FA] F

Al uH19S W 3.67 mg/ke(78.4%) E 3.66 mg/ke(78.5%)

o] QAlsltt. wetd @ o2 FASHth AvlE AFHSHHE o FFaFo] 4.83

Table 3. Residual characteristics of isoprothiolane depending on cooking methods

Cooking method Brown rice Polished rice
Residue level (mg/kg) MeantSD" % loss? Residue level (mg/kg) MeantSD % loss
Initial concentration 17.03+0.66° - 1.670.03° -
After washing” 4.83+0.03° 71.6° 0.20+0.00° 87.8°
Soaking (30 min)  Pressure cooker 2.82+0.03¢ 83.5° 0.070.00" 95.8°
Electric cooker 2.8310.02° 83.4° 0.07£0.00° 95.8°
Non-soaking Pressure cooker 3.6740.04° 78.4° 0.10£0.00° 94.0°
Electric cooker 3.6610.03° 78.5° 0.10£0.00° 94.2°

"Mean of triplication concentrationtstandard deviation.

J[(Raw product residue — After processing residue) / Raw product residue] x 100.

Ifter washing method C (wash 6 times with vigorous rubbing during the 2nd and 3rd wash with 7-fold water of 40C).
“dDjfferent superscript letters indicate statistical significance (p¢0.05).

478 https://doi.org/10.11002/kjfp.2023.30.3.472



Korean J Food Preserv, 30(3) (2023)

mg/kg&i ZAg0] 71.6%9oH, FdelgS uf oF 7+
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5\—%01 EoMAl= 435 YEgith oY Fe= AlA
54 & FHubshols o 2R W S7] A8l
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0.10 mg/kg(94.0%) 2.2 FAE ). Wu|E A
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53, 54, 47 9 50%% 2135}t Cho9t Im(2022) &
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