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Abstract Persimmon (Diospyros kaki Thunb.) is commonly consumed after ripening, and their household
washing may substantially alter pesticide residue levels at the time of consumption. This study established
and validated a citrate-buffered QUEChERS extraction method followed by liquid chromatography-tandem
mass spectrometry (LC-MS/MS) for the determination of broflanilide residues in persimmon matrices (peel, flesh,
calyx, and post-ripened fruit), and evaluated residues during washing and post-ripening. The method showed
a method limit of quantitation (MLOQ) of 0.01 mg/kg, excellent linearity (+* = 0.9984-0.9989), recoveries of
84.3—113.9% with relative standard deviations (RSDs) of 0.9-10.6%, and negligible matrix effects (-12.5 to
+1.3%) in all the features. In washing trials, the residues in unwashed peels decreased from 0.383 mg/kg to
0.155 mg/kg after rinsing with tap water or to 0.061 mg/kg following hand rubbing. The residues in the flesh
decreased from 0.066 to 0.013 mg/kg after rinsing with tap water and reduced further to <0.01 mg/kg when
immersed in 1% acetic acid, 0.2% PEG 4000, or 10% NaHCO;. The residues in the unwashed calyx were
high (40.2 mg/kg) and this reduced to 21.0 mg/kg when rinsed with tap water, with limited additional
reduction by hand rubbing. During ripening of the unwashed fruit (1 to 21 days), we observed that the flesh
contained 0.04—0.05 mg/kg of broflanilide residues and this was well below the Korean maximum residue

limit (MRL; 0.2 mg/kg).
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71% AR BUBEHS 7INe g o] Rojxut, AA| A
A =2 AL FEllehs 7 Wl AR, v
el sl el gt sink AR FAlF AdH A
dvrH o g Faus hiF 2o, i 7] AEs
ko] Eel-slety B4, Hujaw eIkl x1shg, Az
A7, AFEA 24 ol wet =2A] W53t (Bajwa and
Sandhu, 2014; Du et al., 2025). Ao 2w 4771 F2
A ZHadhe ARIZF Barso] gk B Al Lol A(salt)
Ee 54 AlF &9 AR AHs= Bao] R A7l
a4 4 Jth(Kaushik et al., 2009; Acoglu and Omeroglu,
2021; Omeroglu et al., 2022). W E 7AZX = T4 gL
TR 7E ARFS TR WHoE 8T F 9o,
AT T AT Mt sntEe M E 7R
(processing factor) oA W BiskE 37 W7 a7t
ATH(Yigit and Velioglu, 2023).

S sk vt b A AR, S P 2HES
$71F=MRL) ¥ ¥ AAl] wet -5 Aol A8 E
SEvElE AEe)okaeA M%) 71% 9 4 ) B3 4]
o T 5o 298752 AN Sk (Ministry of Food
and Drug Safety, 2025), 315 &=l 7]0] flE A9ole
0.01 mgkes YEHORE A&sh= AAE Gt Yot
(Ministry of Food and Drug Safety, 2017). W2t 574
AE-woF 2l e A Ve 2 AA AR A7 <
AA 7S 3 AXSRe A s 7RE ofet
e A rlEdE Fasith o] FAkE figh
FFS A=A A el flsiMe EFEsE B4
Gl 97e zol MAHolor ATt Hal 7o 39
(@ I5-FA) el A vE, 53] AlAl (persimmon
calyx)gte= 7 Aol e 7 A= dsA 4% 5 7
SR Aol BuEe] o) FoR &gEEE Mro
53 H717F € 238t (Organisation for Economic Co-
operation Development, 2008; Yoshimura et al., 2021; European
Commission, 2025). QUEChERSE 54He & ZH5et &
A8 Qaf) Aloke EZ el AE AA|g] Ao 2 acetonitrile
719t 24289} dispersive solid-phase extraction (dSPE) A
£ Fal e R 4ol dE] A8 o] $ith(Anastassiades
et al., 2003). =3+ EN 15662 A 8o 2154 A]F A
QuEChERS 7|9t TP ZHRsek 24 W HFo=
28532 UtH(European Committee for Standardization
(CEN), 2008).

Broflanilide= Insecticide Resistance Action Committee
(IRAC) &FollA4] GABA-gated chloride channel allosteric
modulators (Group 30)°] &3l= A5A| 0¥ (Fig. 1), 348
ZOZ meta-diamides A|YZ ¥-7%¥ Ch(Insecticide Resistance
Action Committee, 2025). =2]3}5H4Q1 SHAA 822
(water solubility)’} S¥32(0.71 mg/L) &7 545 Ho(Log

ot
of

> 5L ol
T el
T :-la o

OlCtt - ORT - AT - 0[21% - MBS

Fig. 1. Chemical structure of broflanilide (IUPAC: 3-[benzoyl
(methyl)amino]-2'-bromo-2-fluoro-4'-[ 1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-6'~(trifluoromethyl)benzanilide).

Ko 5.2), & 309 gX(waxygolv & 22@] 5l
o= FshA 2R 7FsAdol ATh(Tumer, 2021). =]
&A= Zhol thEk broflanilide 7H7-3]-87]30] A= o]
Aokl 02 mgkg), AT]e] F2Fa HA9 FE-FEX
FH PO Apo|xo] FRE) woke] FAHEE Y A
2 A7 Pl F9 BojHom gty F florng
AHRE olF 7oA 2 #Ele] AEAdE Eol]
Qg 245 F40] Q4ETHMinistry of Food and Drug Safety,
2025).

B Ao BHLe SHxoz 7K
224 broflanilide®] A7 A=A
LC-MSMS 718t 732495 QUEChERS HAE] 271004
S -Asatal 7] A, 3, 34
o] wjd E/do] Aol

Z]t}. 0% 2H|-fE WA HAlZ A 7k 7
AF 2AEEs SR AF, AR JA T A,
]

€ FAM 3F A TSI
S AR A WskE Ao RN MH e Ao
broflanilide 77 S/l PRl 9FE FHHCR =
o At
S
AE M H Al
Broflanilide (X% 100%) w48 XFE FUJIFILM
Wako Pure Chemical Corporation (Osaka, Japan)llX ¢
ATk F2AIE2] broflanilide 5% 433 (WG)= SG
Hankook Samgong Co., Ltd. (Seoul, Korea)olX 251%
t}. LC-MS+ methanol> Thermo Fisher Scientific (Waltham,
MA, USA)lA4], HPLCH acetonitrile2 Duksan Pure Chemicals
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Zt & Broflanilide {HREAH
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(Gyeonggi, Korea)ll*], LC-MSH water= Merck (Darmstadt,
Germany)?llA 242 4319tk Formic acid (>99%; Thermo
Fisher Scientific, Waltham, MA, USA)2} ammonium formate
£9l(10 M; Sigma-Aldrich, St. Louis, MO, USA)& |54
ZA o AME-EFTE. QUEChERS F&§ A %F(magnesium
sulfate (MgSO,) 4 g, sodium chloride (NaCl) 1 g, trisodium
citrate dihydrate (Na;C¢HsO,2H,0) 1 g, disodium hydrogencitrate
sesquihydrate (Na,HC(H;0,-1.5H,0) 0.5 g) 2 AA|-& A|<F
(primary-secondary amine (PSA) 25 mg¥} MgSO, 150 mg)S-
2313t dSPE tube= EF Chiral Technology Korea (Daejeon,
Korea)ollA] 7438139t} o] sl 2138 ®W%2KGlacial acetic
acid >99%; YOORIM Corporation, Busan, Korea), polyethylene
glycol 4000, (PEG 4000; Shinyo Pure Chemicals Co., Ltd.,
Osaka, Japan) % sodium bicarbonate (NaHCOs; Aekyung,
Seoul, Korea) A2 Aol ARS8} TE

EFEHY 2 jEEN EFEZH(matrix-matched standard)
M=

Broflanilide F5=9 Y2 acetonitrile®]] 313141 1,000 mg/L7}
HEE ZASAY. EFEHL acetonitrile® TAHOZE
3] &kd 10,000, 1,000, 500, 250, 100, 50, 25, 10, 5 &
2.5 ngmL FEZ ZAEIGTE ARy gFgAe FoF
A AE #2939 A8 ZFEAS 1] (vv) HIEE &
ale] HF Fw7t 125250 ng/mL7t HEE 2A|E0H,
ol A& 1 kg 71Z2E 0.0025-0.5 mgkgdll s33ech e
e ALE A7EA] -20°Col M BEE )

Z M Uy un

AH Aol ARESE AlFS] FEE thEtolal, AdHE
Aol A AFHBIA e AlEEoke] TR ke s
seolgt & AM-EITE A T JAFES FAshr] S8l
broflanilide 5% Y/33HHE AARES71E0 F3lo] A5
2,0008] 3]Ajodlo] Mg S 5EIF A & ALoA
24717} A Az 7F Al Al 7 1E shuke]
HHE 0 2 31910, & 3RO = FeYEiolrt.

7 AR vt 2o] Falsisith A2l A (Treatment
A= AIFEHA 2 FAE dixFolH, X2+ Be 4
IS 2 FEER 1227 @ W A A2l G
3R] A& 127 JAT F B Aot L iy
o2 AHITE AFEAe LS A gol2grof T2}
7o) ZABIATE WEA 1.0% (viv), PEG 4000 0.2% (W),
NaHCO; 10% (w/v). AlF & Al5e A2oA A7 53
A4 Azxste] E715 AASISIH A2+ De 52+ 5%
E2 1227 £02 7PHA EXEH AFET Ak &
e A E el &, 289 A9t A5S 2 H)
o 5 7zt e g gAsksh

R

¥ s gut 59
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7) A W vlaL A R FoF AR TS
A, AR ek Ao e 1
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A3k 7F 2 B4 38 A EE citrate 95 A|9fo] X
3l QUEChERSZ Z*]2] 3} tH(European Committee for
Standardization (CEN), 2008). Z} A|E 10 g& 50 mL ¥4
H2] FHol| &3t H acetonitrile 10 mLE 718}, 471
&7](1600 MiniG, SPEX SamplePrep, Metuchen, NJ, USA)S
ARESE 1,300 rpmellA] 28 b ISR o]ofA
QuEChERS ¥ #7138t & 53 270l|A 28 7} X"etal,
AA1E-2)7](ScanSpeed 1248, LABOGENE, Allerod, Denmark )=
018314 4,000 rpmelA] 52 Fot AR BT A
1 mLE dSPE tubedll &71 § 127+ &3¢t H, wlo]a2¢
AE-2]7)(M15R, Hanil Scientific, Gimpo, Korea)s ©]-83}
13,000 rpmellA 5 &<t AAE 6T o] F Aozl
A5 0.3 mLol| acetonitrile 0.3 mLE E§35te] mj@wA
SISt 7 FA = 7124 02 T3 HAE w2y, AE 2 o
water 8 mLE 7}alo] 302 5t 53315 5 acetonitrile 8 mLE
o] &3] FE3I0m, o] % Hl|, dSPE Al 2 1:1 (v/v)
A2y 9AE s 443t

=MH 43

Broflanilide®] 413 78 ¢ (method limit of quantitation;
MLOQ)= &Y ZAIA 215 o 724 (signal-to-noise ratio;
SINYF 102 Z3Fste 7MY @32 A =2 A YsIelt
Sk wof FA AR FEoH BEEAE 11 (vv) Mg
Egate] 1.25-250 ng/mL W99 9l T FEO0=2 A
St AR BF AR olgate] AMAS Hrlelaiem,

st 2102 Holth 35E2 FE Ao T FAE AR
0.01 ¥ 0.1 mgkg FEOE EFENE Hed T AAz
afo] A FEAE TGl AEE FEE B3

3 MiRg- 2 Aakslel H7)skich. vl 2 & 7 (matrix effect
percentage; % ME)= 59 d LC-MS/MS 271914 235
2Ry 55 A 7t 22 A9 Ve85

ulaste] The 43t 7ol AL,

Y% ME =

(Slope of matrix matched standard calibration
Slope of solvent standard calibration

=

—1>><100

LC-MS/MS 7|7|=H
AFEF AL LCMS-8040 triple-quadrupole mass
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spectrometer (Shimadzu, Kyoto, Japan) % Nexera UHPLC
system (Shimadzu, Kyoto, Japan)& AR&-3ld 4833}t
o]23}= electrospray interface®]| positive ion mode (ESI+)
Z790 =it Q2 cellel €] collision-induced dissociation
(CID)S 93l = argon (99.999%)= collision gasZ A}
235l AHEA719] nebulizing gas F@-S 3 L/min,
drying gas %2 15 L/min, desolvation line®] &%+
250°C, heat blocke] =& 400°CZ zH7} A4t 84
% 22 multiple reaction monitoring (MRM) modeZ
52, dwell time2 10.0 msZ 31T} Broflanilide
9 precursor ion m/z 665.400112.H, product ionS m/z
645.30 (quantifier, CE -20.0)2} m/z 625.30 (qualifier, CE -
39.0y% AH8SIT), B48 8 22 Elo]el: LabSolutions
(version 5.120)Z o]&-3lo] HEZAIZF E MRM o]2H] 7]
Fo R JAE G FIT H, I (peak) &S F3 A
2HE WA (area) o E2 LS HUFSI T
Column Kinetex PS C18 column (2.6 pm, 3.0 x 100 mm;
Phenomenex, Torrance, CA, USA)S AF-31513, column oven
e 40°CE frAsIT o8 52 02 mL/min® 2
73t o154 Ae waterdl 0.1% formic acid?t 5 mM
ammonium formateE F7}e €9 o]FA BE methanolo]
0.1% formic acid®} 5 mM ammonium formateZ 3 7}3F &
Ao 7 FABIGUTE ALt WE sETe] 7 o]FY B
7% 0.00-02050] 20% Hl& (VAR A 020-0.50]
80%= #A3] AT T 0.50-6.00% Akl L Hl&
S 98%=E AAE] &8 T AIZE Ul 4 Edo] &Y
EE 315 ol F 6.00-9.00% Aleloll 98%F =T column
Ul 2] EHS §5 T 9.00-9.10200 20%= HET L,
o AR B8 98] 9.10-12.50%0] 20%2] H&= A
3N T} Injection volume 5 L2 A3 Th

EAEYN
EAENLE AE dgoA UL broflanilide FHHFEFE
(mgkg)s tPde g 3t A2+ 7 vkE(n=3)lA

Z2A9 758 Hit(mean) + ¥FHA](standard deviation; sd)=
A AT 7F AREe ztols FRFge] gHE

7o 33l dYEAHEA (one-way ANOVA)CZ 747 3H
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2ZA g A7) wet
Atk ol & HeE i, I, AR
Exo] A7 g}, LC-MS/MS £4] A] &
B&7 0|3} Fol MR tEA YeRE 5 AUrh(Botero-
Coy et al,, 2015). 53] mjdo] g} we} vjd gt
A719} Wako] Wty US TR AT SHo] o

T onz gy &, HA|, g5 G gl 2zt
ARG A 30 2 AFAIE 23S E 24

hul

=
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=
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We B9 A% Bat 3
AAR)E 4 F TS TR B40) de) Alg e

citrate-buffered QUEChERSH (EN 15662)2 7|02 3%
tH(European Committee for Standardization (CEN), 2008).
ZF #49 (peel), Z5(flesh), ZA] (calyx) B <5 2Hd A|FollA
broflanilide®] #4174 AFA(MLOQ)= ¢ZAH o=
0.01 mgkez ERIENOH, jdRA HeFde] ARA ST
(P)y= 0.9984-0.9989 M= YER -5k A0S HA
THTable 1). 5°F 31-8E4ES A2 =(positive list system;
PLSY= 574 Fo-aitE Zgol dgEe IFE7E
(maximum residue limit; MRL) ©] A =] g2 F1H=o|
el & 71 0.01 mgkegs A&t Qloma 2 4
el MLOQ:= PLS 71 s 0lM AlE Al Aol 7Fsd
TS 9| Ministry of Food and Drug Safety, 2017). T
o7t broflanilide®] 7HEH )l thdt MRLO] 0.2 mg/ke?l
A& 31 3PH (Ministry of Food and Drug Safety, 2025),
0.01 mg/kee] MLOQ= W4 87152 5% T5(1/20)°
AFehs W2 sE7A Aol 7hethe BolErh webA

B AL 7] F98 W F% SAloIA broflanilide 1t

ol 3

Table 1. Method validation parameters for broflanilide in different persimmon matrices by LC-MS/MS

Recovery, % (RSD, %)

Persimmon MLOQ Linearity
part (mg/kg) ) 0.01 mgkg 0.1 mg/kg
Peel 0.01 0.9986 106.7 (9.5) 107.9 (0.9)
Flesh 0.01 0.9989 113.9 (3.5) 104.0 (4.0)
Calyx 0.01 0.9984 84.3(6.3) 108.8 (3.5)
Post-ripened fruit 0.01 0.9986 96.1 (10.6) 104.6 (4.5)
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Tl PLS €71 B & MRLE Z3sh=A] o%-2
Al z
3

5 Z=A s Brtske | 4
Gt NS e Aow AGHE T3 AlY 2 54
3104 0.01 mg/kge] MLOQE broflanilide®] ] %
ZH WskE PLSOIAM 87ehe 74 FA 38t AA 7F
A% DA ZldEE R AR 238 JEHe=
Hw 371 4 Qe FAlERe HollX = o7t At
3] MLOQ (0.01 mg/kg) 2 10 MLOQ (0.1 mg/kg)
T el grsislem, 7 i AR AAel thal 3]
T8 WY 843-113.9%%3, 3¥HE X3 w2 RSDE
0.9-10.6%= 55 20% ©|3ith(Table 1). 7+ ZA] A& F
MLOQ FZol|4] 3]5&0] 843%= 90%E 313]5tH o,
RE AFEE SANTE/113122021 7le|=glele] AT 71F
@ 35E 70-120%, RSD <20%)ell we} 3-8 89 ol
sgate] £ Al Aoe 9 v unrt SHE s
5t th(European Commission, 2021). 358 H7H=
7o) 3, 53 FA), S5 AEAY v d 24 A e
Algstol] thell, 93 QuEChERS 7|¥ Axz] 2 LC-
MS/MS Z70] F2AA| ol 2] £4 glo] broflanilideZ
AN JA 35T F J=AE FRlske BN 2A7
o} webA] SgE A o] bgst A8 29l 3E

E

y

N sa WY 3 ARY wah mt 61

o7 Ag /b AFE w2 Yo AddEn. tF
5oF oA E o)A QUEChERSE acetonitrile 7]HF salting-
out $%3+ dSPE A1 AT vt kS B v
oN WA Helsheg AARUT, 53] PSAE F714k
IRAL 5 34 FFERY 9P Fole vl 9y B
%o} 9kt}(Anastassiades et al., 2003; Lehotay et al., 2005).
olg{gt Uuty EAJL broflanilides tgo = 3 Ad) A
M= gelx =), citrate buffering?} PSAS ¥E3H5+ dSPE
Z2go] ¥ %MES} | & 3TES ATt i
AlE AAnkellA] 28 7Fs gl B ATHNoh et al., 2020).

A& FZH0IA broflanilide®] 718 & 7H%ME)= -12.5%21141
+1.3% "2 YERITHFig. 2). 9= +1.3%2 77e signal
enhancements H.Q1 WHH, 5(-12.5%), Z1A(-3.7%), T4 2

-3.7 -10.0

_—

Post-ripened
fruit

% ME

Peel Flesh

Calyx
Persimmon part

Fig. 2. Matrix effects percentages (%ME) of broflanilide in
different persimmon parts determined by LC-MS/MS.

Table 2. Effects of household washing treatments on broflanilide residues in persimmon flesh, peel, and calyx

Sample Washing method Wash solution Mean + sd” Significance®
Treatment A - 0.383 +0.080 a
Treatment B - 0.155+£0.017 be
Treatment C 1.0% acetic acid 0.165+0.016 b
Peel 0.2% PEG 4000 0.115 % 0.009 c
10% NaHCO; 0.136 £0.013 be
Treatment D - 0.061 £ 0.007 d
Treatment A - 0.066 + 0.009 a
Treatment B - 0.013 +0.004 b
Treatment C 1.0% acetic acid <MLOQ nd®
Flesh 0.2% PEG 4000 <MLOQ nd
10% NaHCO; <MLOQ nd
Treatment D - <MLOQ nd
Treatment A - 40.2+3.1 a
Treatment B - 21.0+£2.7 b
Treatment C 1.0% acetic acid 18.1+23 b
Calyx 0.2% PEG 4000 13.942.6 b
10% NaHCO; 13.5+1.7 b
Treatment D - 21.4+4.6 b
“Standard deviation.

"Different letters (a-c) indicate significant differences between quantified means (p < 0.05).

“not determined.
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2 (-10.0%)01A = 25 05T 2R 3EO Z signal suppression©]
HEE Y JJrJJE Aok BE 7 A 8A %MEZF &4
28 2ol 2L broflanilided] ©] 237} 7+ wjdoN F&
Hog AN A|E e WIo R JIFS Wok-S ofvisiH,
°]= QuEChERS 7|4} §oF ZFEAelx md FE=ol

oJa} suppression®] ¢-AstAl UERITHE dRHY AR
Y x] gl (Matuszewski et al., 2003; Gosetti et al., 2010).
T/Pﬂ BE AFA %MES] Fulgto] 20% o=, dxks
Z4u] gt v A 8 7H(negligible/soft matrix effect)i 72y
e =) 33 THLee et al, 2023). ZH = 31,

Lm

RE AZoH iR EAI}F £20% oW E AdtE FL 7o
Hop ujd zAo] Ao|dtow Bely HEHoE O

MS/MS o]|23} @A X ¢] 7Hdo] dF-AoR Az 7Fs3t
F<eoleS AAFSHYE. 53] citrate buffering 71%F QUEChERS

Z794 broflanilide®] "I ZE7} -18.3%MA] +18.8% H
$19] ‘low matrix effect® HIE A3 A= E A19
%MES} &d 3 Wakd o] ZAHE AlFTTHNoh et al., 2020).

ZH MA g | 25}

A& whgol whE 7 299 broflanilide 2+ 32 H| w8k
AF= Table 29 AASIGATH HATollA = vAIA o2+
(Treatment A4 0.383 mg/kge] HEEJTH 55 AlH
(Treatment By 0.155 mgkg® & thEF ] o3t 242
BT AlZ &9 A2](Treatment C) 5 1.0% acetic acide=
0.165 mg/kg, 0.2% PEG 40002 0.115 mgkg, 10% NaHCO=
0.136 mgkg® = YePEOom, A7 Hz|ellx 2 FEollA
Frolgh 2ol (p<0.05)7F ERIEISTE T3 Treatment DA+
0.061 mg/kgS 2 ERIEo] BE HIF T FoHo= /M
e RS vERiTh

Broflanilide= &°] thdt €3] =7} Yal(Log Koy 5.2),
olgfst BAL Tt AT R E B FE-gaF] BE
Aoz y3H RS 8] AAN] oA s F A
Th(Turner, 2021). & A4 %= A2 (Treatment B)T
o2w mAE b A l':l:J]' 40%= frolatAl Aagt

< 52 5ol ofe F¥ & dREol AAEe 9=
Avd F glom, AAe oet 7 A7to] g3 oz}
g4 g2bA A el FA F-Erke Baels g
th(Bajwa and Sandhu, 2014; Yang et al., 2022). $HH A%
S-S A48 Treatment ColA1 PEG 40007} 5% A3
iH] frojustA B 7&%3 Hof, Hlo] 24 A& o
gzt gijo] S3|mr} Sk broflanilide] ¥ ZHF A Aol
F7Ho 7 7193 S 7FsAS AARIEHDu et al., 2025).
HHH acetic acid 2 NaHCO; = 5= A& SAFS=Z
o3l AJo]= Holx| ¢t} Broflanilides W& =847}

=X7 3}skA H;‘](pKa 88)— Hoj =R Ok/\}ﬂ /01: A
gdog FIAEE FY T US FeE HA A|A &

Treatment DA 2571 0.061 mg/kgl 2 7 YA &l
@ 42, 5P 479l 3 PR el 4800
u],zl E_)o] 7L_4 Q]-/\%_oﬂ Lﬂ U:al—
A AHASE A6 U5 ok, ol THgole)
Qe AR B)A AH Pt A BAE A9
Th= A3 Ry EgE 748 wighofA sjade 4
and Sandhu, 2014; Yang et al., 2017).
oAM= vlM A ) ZF-(Treatment A)Oﬂﬁ 0.066 mg/kge]
AZHAUAL, T5E Al (Treatment B) § 272 0.013 mg/
kgO® froJahA| 7H28kiThp <0.05, Table 2). 1% &<
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