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Abstract

BACKGROUND: Trinexapac-ethyl is a plant growth
regulator (PGR) that inhibits the biosynthesis of plant
growth hormone (gibberellin). It is used for the prevention
of lodging, increasing yields of cereals, and reducing
mowing of turf. The experiment was conducted to establish
a determination method for trinexapac-ethyl and its
metabolites trinexapac in agricultural products using
LC-MS/MS.

METHODS AND RESULTS: Trinexapac-ethyl and trinexapac
were extracted from agricultural products with methanol/
distilled water and the extract was partitioned with
dichloromethane and then detected by LC-MS/MS. Limit
of detection(LOD) was 0.003 mg/kg and limit of
quantification(LOQ) was 0.01 mg/kg, respectively. Matrix
matched calibration curves were linear over the calibration
ranges (0.01-1.0 mg/L) for all the analytes into blank extract
with 7 > 0.997. For validation purposes, recovery studies
were carried out at three different concentration levels
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(LOQ, 10LOQ, 50LOQ, n=5). Recoveries of trinexapac-
ethyl and trinexapac were within the range of 73.6-106.9%,
72.7-99.2%, respectively. The relative standard deviations
(RSDs) were less than 9.0%. All values were consistent
with the criteria ranges requested in the CODEX
guideline(CAC/GL 40, 2003).

CONCLUSION: The proposed analytical method was
accurate, effective and sensitive for trinexapac-ethyl and
trinexapac determination and it can be used to as an official
method in Korea.

Key words: LC-MS/MS, Maximum residue limits, Plant
growth regulators(PGR), Trinexapac, Trinexapac-ethyl
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Fig. 1. Proposed metabolic pathway of trinexapac-ethyl to trinexapac (acid) in wheat sample.
Table 1. Physicochemical characteristics of trinexapac-ethyl and trinexapac
Property Trinexapac-ethyl Trinexapac
TUPAC name ethyl (RS) 4-cyclopropyl(thydroxy)met- 4-cyclopropyl(hydroxy)methylene-3,5-dioxo
hylene-3,5-dioxocyclohexanecarboxylate cyclohexanecarboxylic acid
CAS No. 95266-40-3 104273-73-6
Classification Plant growth regulator -
Molecular formula Ci3Hi60s CuHi0Os
Molecular weight 252.3 2242
Melting point 36.3C 114.4C
Density 122 g/ cm?® 141 g/ cm’
Log Pow 1.5 (pH 5), -0.3 (pH 6.9), -2.1 (pH 8.9), (all 25C) 1.8 (pH 2)
pKa 4.57 pKal 5.32, pKa; 3.93

Vapor pressure 22 mPa (25C)

Solubility

In water 1.1 (pH 3.5), 2.8 (pH 4.9), 10.2 (pH 5.5),
21.1 (pH 8.2) (all in g/L, 25C). In ethanol,

2.3 x 10° mPa (25C)

In water 13 (pH 5.0), 200 (pH 6.8), 260 (pH
8.4) (all in g/L, 25C). In acetone 95, ethyl

acetone, toluene, n-octanol 100%, m-hexane 5% acetate 37, methanol 84, octhanol 17 (all in

25C)

g/L, 25C)

S A%, vEaY A&, A 7 A 59 5ikE 7
& 4= QlthPark, 2006; Hong ef al, 2009; Tae et al,
2010; Gonzales-Curbelo, 2012; MFDS, 2013)

Trinexapac-ethyl-> 7§ o] J123] AREE o] For o]
of wlel A ek che WLE ) Q). ShAlyt Wil e
AR FAREOAM = Al AE T 48A]7F o]Yjof| trinexapac-
ethylo] trinexapac®.2 tfAFig. 1)== Ao] &l(Syhre
et al, 1997)=|0] trinexapac-ethyl9] ZHFefg A2s] ubet
a17] QA= makE & ofyet iAol digh E40]
ZasHA =Sty E3 27t Hag fAHe meRhEThs
E431A (Ciba-Geigy, 1991; Syhre ef al, 1997; Huang
et al, 2014, MHLW, 2010) tjAMEE trinexapacihe &4
(Hiemstra et al, 2003)3}3 o0, A HE Ao AL
o= Hogt Ao 7hasith= HAZE Atk

A4 et trinexapac-ethyld] ZHs87|2S &
ofat 0.5 mg/kg(MFDS, 2013) 0.2 AgstgoL}, ol o
& A51871% a3ol W ARAPAT 59 4E 5 2
o M 2RI 8712 A4E olFolch. So WollAlt
JAREES] trinexapac S &2 ZHFsto] QA gt &7
ol Fouw URES AHofm dHste] zhReE7]El

o

gs5to] Be|e of|fo|u, B Ao A% trinexapac-ethyl
7} YAHE trinexapac % %Aloﬂ AT = e E’ﬁ.‘ﬂé
rstat shgck E3E W W ooke}l taEY] 2 l
B2 OE sAkel ﬂ%oﬁi Agol| 7hssles 7 dix
AbEtoll High A 3skdith

Mz ¥ U

Aok @l xy=

Trinexapac-ethyl(98.6%, Fig. 1, Table 1) FF52 Dr.
Ehrenstorfer GmbHOo|A] Algdtol ARR5}E 1 tAMAEE Q]
trinexapac(98.7%, Fig. 1, Table 1) #5%-2 Chem service
oA Feldte] AME3}SITE. Methanol, dichloromethane,
acetonitrile, r+hexane 52 5522 Merck(Darmstadt,
Germany) o4l -3t ARg-st¢itt. Hydrochloric acid2t
sodium chloride= Wako(Osaka, Japan)o|4] ofz}x 24|
(celite 545) ¥ anhydrous sodium sulfatet= Merck
(Darmstadt, Germany)of|4] formic acid:= Sigma Aldrich
(Buchs, Switzerland)o|A F¢Jste] ARESFIT

AAlE R8Tl At E o o At



320

Jang et al.

Table 2. Analytical conditions for the determination of trinexapac-ethyl and trinexapac

Instrument LC-MS/MS (Xevo TQ-S, Waters, MS, USA)
HPLC conditions

Column MGII Cis (2.0 mm 7Zd. x 100 mm, 3 um, Shiseido)
Column temperature 40C

Flow rate 0.2 mL/min

Injection volume 5 uL

A: 0.1% formic acid in distilled water

Mobile phase

B: 0.1% formic acid in methanol

Mobile phase

Time (min) A (%) B (%)

0 95 5

Gradient table 3 95 5
10 5 95
13 95 5
15 95 5

MS/MS conditions

Ion mode ESI positive mode

Capillary voltage 3.0 kV

Source temperature 150C

Desolvation temperature 600C

Desolvation gas flow rate 1000 L/hr

Cone gas flow rate 150 L/hr

Bo|e Hgo] /RseleE T2 ZE glolE pE, Aa
o] TR AAkFo] Wl A EHo| wWol FA7L olHE
Ao R o e dEsibaS AAste] £4H9] 7t A
Batlc. ZH7te] g wAE-S Ev|, g, 4
oy, REF soF LAMES 19I5t #ASeE & UEE &
7)o "o} -50C o] Rakstm Aslof| ALLslATh

]

i e

HESMO| =A|

Trinexapac-ethyl 4 trinexapac ¥5#2 methanolof
B3fske] 1,000 ug/mLo| & EFUMS 2A S o]
= me] 2222 34819 0.01, 0.02, 0.05, 0.1, 0.2, 0.5
91 ug/mLe] B EEENS VE T BE 2ol
of 4T o Bitsto] Aol AHg-sllt

il

Mylo| 45

B ¢l7o] A= CODEX 7}o]=2}el(CAC/GL 40, 2003)
o Wt EA¥el 244 (inearity), AZTALOD, limit
of detection), AFHA(LOQ, limit of quantification), 3]
=& NEE 53 FeA(accuracy), FEA(precision), A
@ (repeatability)s  B7Fsi3icy. A4 291E 218l
trinexapac-ethyl 3 trinexapac 3-89 0.01, 0.02, 0.05,
0.1, 0.2, 0.5 ¥ 1 pg/mLoj tjgt Z4-2r9] peak HE-E o]-&
sto] HgAlS Adsila HgA A%A S (coefficient
of determination, )& 35}%ith. A&34(LOD) ¥ A

=
=

FA(LOQ)= A=RPFELR AoA A&

ratio)7} Z+2+ 3, 10 o|2 2 stk I&F, I HdF, *
T2 Al&o| trinexapac-ethyl ¥ trinexapac #&E-8HE
Bk 5 RSl sleg ABS WS 48 A
o] Alees AFIALOQ), AHRIAS 10ui(10LOQ),
getA 9] 508i(50LOQ) s dl= w=& st on, 7t
2to] 55 9 Azl thslo] suRoR Salsiol B W A
EFHAHRSD, relative standard deviation)S AlAFs}o]
Bl Hekyn AUA 9 AEAS Bolssch

Zo w o

|7 |7|RM R B

|3l AZ3d EA(4.1.4.91)0A= trinexapac-ethyl
o] 280 nm | W Fdh= A4S o]-8sto] HPLC-
UVD=Z EA3s}5t tjAEES] trinexapac E3t trinexapac-
ethyl®} §AFSH x0]2g HPLC-UVDE] #-go| 7153 A
olg} Tslal, AAR trinexapac FFEZ 0| £ 9 HE
o= EA7E 9lQlch sHARE ARl 28519 ol AlRo
A F2E S48 e dFor ool "ojA #AH
o Aeld gh 7} o ik ofof & Aol A= trinexapac-
ethyl} trinexapac®] FAEAS: Pf8 AA|AZnHE “1efz-25k
E47|(liquid chromatograph-tandem mass spectrometer,
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Table 3. Selected-ion of LC-MS/MS for trinexapac-ethyl and trinexapac

Compound Retention time (min) Molecular weight Precursor ion (m/z) Fragment monitored (m/z) CE*
69** 21

Trinexapac-ethyl 10.0 252.2 253.2 185 11
207 11

69** 15

Trinexapac 8.9 224.2 225.2 111 19
165 17

* Collision energy (eV)
** Quantification ion

[l Trinexapac-ethyl Il Trinexapac

=

90.6 91.2 90.0
20 857 857 878

80 738 75.9 728

70
60
50
40

30

Efficiency of extraction (%)

20

10

Hulled-rice Soybean Mandarin Pepper Potato

Fig. 2. Efficiency of methanol/distilled water extraction (A)

trinexapac in agricultural products.

LC-MS/MS)E EA7|7|2 4435t
2] ¥} Yo trinexapac-ethyld}
trinexapace #2% 4= Sl Cis TS AYstaal, &2
HFALS. 0.1% formic acid in distilled water?} 0.1%
formic acid in methanolS ©]FAICE ALE3St= 7]L7]
& WAS Agsigit). o5 4doll= formic acidE proton
sourceZA] A7}slo] BA A o] &3} LolsHA sh4T). E
T LC-MS/MSE 2R84 7 48012 Sfat 247]
7|12 ARE-E B2 trinexapac-ethyl ¥ trinexapacol ot 2t
s2ol AT 9 AES BAO w4 gtk
Trinexapac-ethyl¥} trinexapacg ©]23}sl7] 913 electro-
spray ionization (ESI)9| positive-ion mode& AH-3}%
1 Table 2] Yyehd EAZRALS uvlgo=z total ion
chromatogram (TIC)¥} mass spectrum=- 53 selected-
ion monitoring (SIM) 24 23t 24 EAol2d A%
sheict. Ao 252291 trinexapac-ethyl FF8H(1 ug/
L)S 943 £5(10 uL/min)2 AFHZ7]o AH ¢
b A3} AzFo] [M+H] geQl 253.2 mass Fhe 215
ko] 224.29] trinexapac2 225.2 mass #f& &1+
. ©] ©j cone voltage®] H3K10~70 V)oi w2 2|43} 14
Z3l| trinexapac-ethyl 2] Z$- 28 VojA, trinexapac?]
40 VoA 2tje] peak 77t Uehds ZIHIH:
A3k cone voltage/ oA 419 Aednt HE7w

=l

~

o S [t ook

oo

(B) Trinexapac-ethyl Trinexapac
100 96.0
89.1
90 86.1 881 832
796 - eLe
. 80
2 722 721 701
E’ 70
8
= 60
4
]
2 50
[
g 40
2
o
& 30
i}
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and dichloromethane partition (B) of trinexapac-ethyl and

£ FAIZ]7] 3te] MS/MS 24 Al MRM(multiple
reaction monitoring) mode& £43}9t}. o] uf collision
cellofA] collision energyE ZZAsto] &9 precursor/
product ion pairs AAstATE E3t 7P} £ xS B
o] product iong #TFol(quantification ion)o2 A
okl oz 374 HEHE product iong /ol
(qualification ion)2.2 AA3}o] EIst3T). oju X7 7]
7184 271 Table 2¢] Yefiglar, 4204 AR
E4 o3} miE AZk Table 3¢ Uetglct

25 U WHZ|

Trinexapac-ethyl®] @ EAHolA = & AAl
methanol/phosphate buffer(pH 7)/distilled water <3}t
g 7)) 2413 A" &8k FHet H pHE W50
H|o]- 24 9] trinexapac-ethyl& dichloromethane 2.2 £uj
alo] olnlzlEr|A 2 AA HPLC-UVDZ £-43}9ct =
= 9 A 2de @3 AESAY #AHE vEeR
trinexapace FAl] E4T 4 =s JHASHICH

% B4 trinexapac-ethyl 9] S4=E =o] S49]
methanol/distilled water E&lo] tfgt 25888 =9|
7] 93 A&3t phosphate buffer?] 7%, bufferS AR&3}
A ot Aol pH7F HSAIEY]  trinexapac-ethyl¥}
trinexapac®] WA #& FE5aE&(Fig. 2 (A)S HEH
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Fig. 3. Calibration curve of matrix matched standard of 1, trinexapac-ethyl ; 2, trinexapac in A, hulled rice; B, soybean;

C, mandarin; D, pepper; and E, potato.
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RAog nEe 74y
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Ho sl A 9 A
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Fig. 4. Representative MRM (quantification ion) chromatograms of trinexapac-ethyl corresponding to: matrix matched
standard (0.5 mg/kg), control, recovery (0.5 mg/kg) in A, hulled rice; B, soybean; C, mandarin; D, pepper; and E, potato.

dichloromethane .2 HNHW|E slo] Ao THIE4AS
AASALE ol W AEFA 24 9 a7k HuE

trinexapac-ethyl ¥ trinexapac 4% o4l phosphorus
acid(Syhre et al, 1997) 9 phosphate buffer(Ciba-
Geiby, 1991; MHLW, 2010; Hiemstra et al, 2003)& ©]
252 oloslol 22 0 BAHELS F AT 2L o]tk
Y AEFH ZAYIAE trinexapac-ethyl 24 A]
FEE W B3Rl RERtE AAE 8l ohZtER|A
AFEZOL TiARARE trinexapace trinexapac-ethyl 9]

=
=

ethyl carboxylate”?|7} carboxylic acid2 ke
carboxylic acid”|7} 7FE&] A2 14T} 7FatA] 4
81427} o] I 3ILHMEDS, 2013). 3, 52 5 oo}t Hﬂ_&i
= AR F el SE3] AlEe A% Rlskly
Bo) 52 aRnlE1uS B3 LASS HAasksla
of £85= ATk Eol7] 8l 7RERAHA= A=kl
a0l 3 HAARE THY A AR s 9 e
3 2l FEE0l olEo] ot gl Y viF]

o 9] W H|ZA AR AHAES 93| =712 nhexane/
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Fig. 5. Representative MRM (quantification ion) chromatograms of trinexapac corresponding to: matrix matched standard
(0.5 mg/kg), control, recovery (0.5 mg/kg) in A, hulled rice; B, soybean; C, mandarin; D, pepper; and E, potato.
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Table 4. Validation results of analytical method for the determination of trinexapac-ethyl and trinexapac residues in

samples
Sample Fortification . Average + RSD (%) . LOQ
(mg/kg) Trinexapac-ethyl Trinexapac (mg/kg)
0.01 1069 = 6.9 746 + 3.6
Hulled rice 0.1 91.6 + 4.0 86.1 + 2.5
0.5 870 + 71 843 + 4.1
0.01 89.0 + 7.8 76.7 + 8.0
Soybean 0.1 1005 + 7.8 765 + 3.3
0.5 87.8 + 4.5 822 + 3.1
0.01 73.6 + 24 79.5 + 3.2
Mandarin 0.1 877 + 3.7 85.8 + 9.0 0.01
0.5 86.4 + 2.0 804 + 22
0.01 88.6 + 6.8 82.1 + 85
Pepper 0.1 101.0 = 8.1 95.0 + 49
0.5 98.5 + 3.1 922 + 2.7
0.01 96.1 + 8.2 727 + 2.7
Potato 0.1 104.6 + 3.6 99.2 + 2.3
0.5 91.6 + 8.3 933 + 4.0
SEA] %o} HA ¥ trinexapac-ethyl ¥ trinexapacs & 5= 9.0% ulgto 2 gRolE|o} MF&E FAo st CODEX 7}
Aspr] flsf NdE 24 &2 eled AdAde 2l o]=2}¢)(CAC/GL 40, 2003)¢] AHq52F HE 7]%0] A3t

S A
PR

151ckFig. 4, 5.
dEstAet s

B AtollA] R ARE 24 9 717 RANS o8
tol HA % trinexapac-ethyl ¥ trinexapac®] H&3H
A LIS ek HEe HAadEe] 0.0015
ng (S/N>3)0|%1aL o] A4FA ] wet 0.003 mg/kgo
2 yehylth gt 2adE70] 0.05 ng (S/N>10)2
= o o] AARA ] wet 0.005 mg/kg o2 LEFETE

o

d

_ %8425 (ml)

AEIA (mg/kg) = 2 2AE% (ng)x

ANEF (@) A= FYF L)
B 1 5(mD) _
= 0.015 (ng) x — @ 5eD) " 0.003

1 238y ml)

At (mg/kg) = HALHAEF (ng)x N (5 A= 29 (1)

5 (mL)
5 (uL)

= 0.01

wael ST YA W ARYE Brle] sleto
LOQ, LOQ 108, LOQ 508 %21 0.01, 0.19} 0.5 mg/
kg9] A2 5= trinexapac-ethyl ¥ trinexapac®] 3]<&
A¥E 53] whEste] psilnt b FoflA] trinexapac-
ethyl®] B4 3482 73.6-106.9%°] %] 1L, trinexapac?] H
F 858 727-99.2%0]9ic). ojn) A|EEHARSD) =

= 2l 4= ASiK(Table 4). o] LCMS/MSE: o851
St sANE 3 trinexapac- ethyl ¥ tjAMHE trinexapac
34§ A=utE IS Fig. 4, 50 AAsIST

e e Wi fAjole 48 K5 HE Syhre 5
(1997)¢] @& A 9o 47, A7, 47, AR
el ®5 Agol 7hssh, AEeAzE 108 22 0.01
mg/kgO R M7l BoRe Aol ok e, 7 YEAE
of thgt &4 A= U9 trinexapace] sl HsiE &
A (Hiemstra et al, 2003)9] 3|48 Z1KH71-94%)%} 55
S el Slslel AUE Aol JSEE Sl
ik
o] 9] T A-H(Shyre et al, 1997; Hiemstra et al, 2003)
o} B A-oA TEAH O trinexapc-ethylo] H]3]| trinexapac
o] 3&o0] Tha W LERket), o] trinexapac- ethyl
o] trinexapacoZ THALE|HA] ethyl carboxylate”|7}
carboxylic acid2 ZAZEH Ex}o] FAdo] FsR|IL o]d
oef 78S ANSEE & 9 e aso] Wolkl] o
o8 HoEnh

1z

1o fr

IR —

B Ao HE HAME 5 trinexapac-ethyl 9] ZHRAAE §)
stol WY AP AREY LAUS WIS wineapac
ethyl¥} diAMFE trinexapac®] FAEA 0] 7H53lEE 74l
sidlon 3% S 22 44 WY 2 BAzAe gew
L ei(Fig. 6).
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Sample 5 g

- Homogenize for 5 min

Filtration

- 30 mL distilled water

Liquid-liquid extraction

Concentration

LC-MS/MS

- Wash with methanol (20 mL)

- Add 5 g of sodium chloride
- Add dichloromethane 30 mL x 2 times
- Collect dichloromethane layer

- Dissolve with methanol 5 mL
- Filter through syringe filter (nylon, 0.22 pum)

- Add 20 mL of methanol/distilled water (70/30, v/v)

- Adjust pH to 2.5 by 1IN hydrochloric acid

* Hulled rice and soybean sample
- Dissolve with 30 mL of saturated rm-hexane in acetonitrile
- Partition with 30 mL of saturated acetonitrile in n-hexane x 2 times
- Collect saturated acetonitrile in r-hexane layer

Fig. 6. Flow chart for trinexapac-ethyl and trinexapac analysis.

25
SAE AAS Baolel RUBT F 5 g(FF N FHE
o 1 kg& E@St] FEA| 420 imE FUSNEE B4

um-=

T 15g BAF - YaF - AT F 1 kgE &A Lot &

gds] gof +47] 8719 @il methanol/
distilled water &394(70/30, v/v) 20 mLE 7}3}o] Z&+
710014 5E2tE AFskGleh ofax]7 Zgle Fauz)
2 ofR A (celite 545) 5 g& o|&3| Folojudt H
methanol 20 mL2 ZHA} 9l 87|15 Hojuie] ¢re] ofolixt
3lalich gk ojolof distilled water 30 mLE ©]5}o]
pH t|E]7]E ©]43] 1N hydrochloric acid(HC)E #7}5}
o] pH 252 ZA Yk

2
o 18
£l

u R

HH

| 250 mL E4Zu}j7]of| §7]1 sodium chloride 5 g
4l dichloromethane 30 mLE A2 713F & AsHA] 50
Zo| s EeE uj7kx] HXJAIZ]l & dichloromethane
=< anhydrous sodium sulfateo]] S3}A|#A 7=t
0] YR TS 28] HEEAIT oF 40T olste] 48 Ao
A fgdsto] SuiE mF gewdl &, 2HREo] methanol&
7Vt 2EH3 5 mL7F H7 g H syringe filter(nylon,
0.22 um) & offsto] AJH-GHo T ANGFTE A A
dnjel o= A9, FtE fFAAEEY AAE s vy
acetonitrile® Z3}A|7] n-hexane 30 mLE A& 7|5}
o] A4-gaf $ 250 mL G2 £H ojFo] &3 vl n-
hexane® 2 3X3}A|7] acetonitrile 30 mLA & 23] Euj

¢

F&319c) ol 79t =3 F methanol S 7lste] 3
H3] 5 mL7} &7 & F syringe filter(nylon, 0.22 um)=
ofzfalo] AE-g o AFgalTk

LC-MS/MS 2AM X7

Trinexapac-ethyl @ trinexapace Y| I 20}E T2 -
AFEA7)(LC-MS/MS, Acquity UPLC Xevo TQ-S,
Waters, MS, USA)S ARESIgoH 7])7] B %2 AL Table
2, 3] Yefick

AR 9] HE3HA(LOD)+= 0.003 mg/kgol L, HEst
A(LOQ)+= 0.01 mg/kgo & RI=|Glom FEARS] HH
4, BE, AU 55 wdsh] sl 7 sAREY Al
(@R, o g, 15, Dol disf dlaes e X3
sk3ity. LOQ, 10LOQ, 50L0Q =EolA9] dlo& Adte=
nE FANEYA trinexapac-ethyl Y trinexapaco] Z4Z}
73.6-106.9%, 72.7-99.2%(n=5)2 UEIY} sAtE AR 9 X
glso] TA glo] & CODEX 7te|=ekel (CAC/GL 40,
2003) 9] 2L WSSk ol qink A 2 Aol A i
] BAE i §-55= B4R § trinexapac- ethyl
4 trinexapac?] A E 3t FHEAHOE AT
o Eelskoinh

[=]
Trinexapac-ethyl-> A4 =

NEA 5 AYRAAES A 52
5229 gibberellin®| TS Sol Z7 W zile] w2 1}
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Aot 27 AAG O 2 AR E= AR AA ofth 2 AtollA
= 4R FANE A trinexpac-ethylo] tjAMME?] trinexapac
oz FHEge] wet d3 AE5#(4.1.4.91) trinexpac-
ethyl 23}gE E4¥S trinexapac-ethyl 3 trinexapac®]

Ao g JfAskIeE t wikE AlR(ER], o 2
=, 1%, 777)E methanol /distilled water £330 2 2=
stal HCle &2 pHE 2.5 ol3t2 W& H dichloromethane ©.
= AHFufsto] THMIEAS AASI #4717 2e 23}
FEI RS SAEA S]] AR LCMS/MSE A
BshlaL, olo] wE 2AWH] HESTALOD) 2 AFTH
(LOQE 7+7} 0.003, 0.01 mg/kg O & BHelE|gict BE Al
= 9 A} A §lo] trinexapac-ethyl ¥ trinexapac©]
Y7} 73.6-106.9%, 72.7-99.2%2] B+ 358 HYoy Ab
YEEHA EG 00% oo} Ueh} WRE 20| Bt
CODEX 7}o]=a}9)(CAC/GL 40, 2003)% HEsl= 5230
2 gRelw]o] Jibe FA o AEY, Hed, AEd 5= 4
otk 2 AolA] 7iiE AL FANE F trinexapac-
ethyl9] QHATE]E QI3 FAEAH o8 ARRE7] o AgHet
AO2 et

Acknowledgement

This study was carried out with the support of
"Safety Evaluation and Analysis Method on Pesticide
Residues in Foods-2015(15161MFDS042)" from Ministry of
Food and Drug Safety, Republic of Korea in 2015.

References

Gonzélez-Curbelo, M. A., Herrera-Herrera, A. V., Ravelo-
Pérez, L. M., & erndndez-Borges, J. (2012). Sample-
preparation methods for pesticide-residue analysis in
cereals and derivatives. Trends in Analytical Chemistry.
38, 32-51.

Hiemstra, M., & De Kok, A. (2003). Determination of
trinexapac in wheat by liquid chromatography-
electrospray ionization tandem mass spectrometry.
Journal of Agricultural and Food Chemistry, 51(20),
5855-5860.

Hong, B. S, & Tae, H. S. (2009). Heavy rough
management of golf course by using of trinexapac-
ethyl. Korean Journal of Golf Studies, 3(1), 99-103.

Huang, H., Zhang, J., Xu, D., Zhou, Y., Luo, J., Li, M,
Chen, S, & Wang, L. (2014). [Determination of 21
plant growth regulator residues in fruits by
QuEChERS-high performance liquid chromatography-
tandem mass spectrometry]. Se pu= Chinese journal of
chromatography/Zhongguo hua xue hui, 32(7), 707-
716.

Jeong, Y. H., Kim, J. E., Kim, J-H, Lee, Y-D, Lim, C. H,,
& Hur, J-H. (2004). The lastest pesticide science
(Revised), p. 251, Sigma Press, Seoul, Korea.

Ministry of Food and Drug Safety (MFDS). (2013).
Analytical methods of pesticide residues in food
(fourth edition), pp. 104-105, 689-692, MFDS, Seoul,
Korea.

Park, J. Y. (2006). Effect of trinexapac-ethyl treatment
on growth and quality turfgrass species. Dankook
University Master’s thesis, 1-3.

Syhre, M., Hanschmann, G., & Heber, R (1997).
Problems in analyzing trinexapac-ehtyl—a new plant
growth regulator. Journal of Agricultural and Food
Chemistry, 45(1), 178-179.

Tae, H. S, Hong, B. S., Cho, Y. S., & Oh, S. H. (2010).
Trinexapac-ethyl treatment for kentucky bluegrass of
golf course during summer. Asian Journal of Turfgrass
Science, 24(2), 156-160.



