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Determination of ten plant growth regulators in vegetable oils by
improved QuEChERS - high performance liquid
chromatography — tandem mass spectrometry
HE Xiaoming', SHEN Xiongya', ZHAO Yuejun', YE Bingjie', ZHANG Shuqi’
(1. Greentown Agricultural Detection Technology Co. ,Ltd. ,Hangzhou 310052, China;

2. Lishui Bluetown Agricultural Testing Technology Co. , Ltd. ,Lishui 323000, Zhejiang, China)
Abstract; A rapid method for the simultaneous determination of ten plant growth regulators in vegetable
oils was developed by using high performance liquid chromatography — tandem mass spectrometry
(HPLC - MS/MS) based on modified QuEChERS sample pretreatment method. Samples were extracted
with acidic acetonitrile ,and cleaned up by Enhanced Matrix Removal Lipid (EMR - Lipid). The analytes
were detected in the multi — reaction monitoring ( MRM) mode and quantified by the external standard
method. The calibration curves of ten plant growth regulators were linear well in the corresponding concen-
tration ranges of 1 — 100 wg/L, with correlation coefficient(r) of 0.991 —0.998. The limits of detection
and quantification were 0. 014 - 0. 188 pg/kg and 0. 048 - 0. 625 g/ kg, respectively. The average
recoveries of ten plant growth regulators ranged from 70.2% to 94.7% with relative standard deviations
(RSDs) of 1.2% —10.2% . The method was quick,accurate ,and sensitive, and was suitable for the de-

termination of ten plant growth regulators in vegetable oils.
Key words: QuEChERS; EMR - Lipid; high performance liquid chromatography — tandem mass spec-

trometry ; vegetable oil; plant growth regulator
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FERECTRAEKRE, ZRAME JESMEAEAE A A = Y
EXmM A . BE% PGRs i M H 25 %,
ok Az B EI, 53R R BIEE Y )
PGRs ] il i & 4aent AR =L faE ™ HE
A3 E PGRs B9 58 K Z 4 X 55 3 R S0 Bk
7 X TR R I R AE A it Y B 2 1 v T
EATER , GB 2763—2016( £ &t Hr A 2 i KRBk B R
) PAUHLE TRAFMP R Z MR E N 0.5
mg/ kg, AT 6 - NS 2,4 - ZFREL
R JRELHSE R L PGRs

Y AR 255k BRI M S E T H S S &R
TR B A3 B o % 3 BRI, A0 SRR R R 3R 4
BoX T iE T, R 15 YR | FEARA 1
o MBS BIIRBUAL T i R B REROE T
FISE R oty | B AR RS 1V AL R (B 17
TEERVEIGBA | b BB (] 4 | BRAS 5 AY [B) B, QuECh-
ERS 77k i T BB S AT R 2
T, TEHE Wk A< 25 5K BE A T H i i A H O b
20 (EfEGER QUECKERS J5 % BN 3R 32
IKREGKES ET TR, N T = REN
B EFEMET EFEMEA G SO BCR AN AR, Xk
T 23 SR B A A P P A

ALK B R B QuECKERS J7k , 456 &AL
WARE S - BB E H T+ 10 B PGRs
I RE , LA Ay W 8 1) ) 7 A % PR & 7 $R it
2%,
1 #Rl5A*%
1.1 ittt
L1 e 5

TEEY . L. M P BE(HPLC 9, 3£
Thermo 7\ ) ) ; 388 5% %Y 5 i 2= B W% Fft 77 ( EMR -
Lipid, 38 Agilent /A 7)) /b 258 2 ek W I 7
(C18) ,N - N L Z & (PSA) (R4 AR /REH
HARATR) ;5258 /KA Milli - Q &8 4fi7K ; HAth i
RN A 43, 10 F PGRs FRifE i, BI 6 - "R L AR
RS ISR TR MR TR 2,4 - —ERA LR 4 -
FRE TR EMAR SR PR E 4 - FAERL
PR AN S M R S, S B2 1 KT 95% , 1 T Dr. Eh-
renstorfer 2\ H) o
1.1.2 U 5K&

LC - MS 8050 = PUZRFTHAH 3 — HR Ik BT
X H A Shimadzu 23 H]) ; DMT - 2500 £ 4 i g 1R
BAXHLHIRERALZR A BR ] ) 5 STIOR &3 14 R 5
OHL(3E E Thermo A H]) ; 4 2H K AL (3£ E Millipore

2vH]) KQ - 500E &8 A i Vi ds (500 W)
1.2 ik
12,1 ARifEr iR

3 AIFREC10 Fh PGRs A &4 , I B8 25, BiC
il AL 100 mg/L AR IEfE A K, 4 C T BT, H
Ao AR e 2 25 o R VR 2 S R A X Wk
FERIR AR TR
1.2.2 FEERIANE

PRI 2. 00 g HPPHAE LT S0 mL B0, 0
A 10 mL 1% (EFR5 40, TR R - 2SR, 4
A REL 10 min,8 000 r/min B5.0> 3 min, b5 1%
fbo FHL4 mL FiEWRZE2EAE 0.5 ¢ EMR - Lipid %
A& A (AT A 2 mL K 850 TER G L) |, IR E 2
min,8 000 r/min Z.0» 3 min, BUA LI Z E 2 /70
A 0.5 g FALENAI 1.0 g TEAKBREREE R 10 mL B5.00
B, IRE 1 min,8 000 r/min B0 3 min W 5L
A0 mL BLOEH 40C FTARET,IMA L0
mL 10% F /KR AT, 0. 22 wm JEME, R 2L
TRAH (3 — BRI BT R A 22
1.2.3 @ikt

34 % ACQUITY UPLC HSS T3 (2.1 mm x
100 mm, 1.8 wm) ; #FEE 3 pl; AR 30 °C; i sh 11
90.1% HFFR -2 mmol/L HFRE /KIS (A ) 1 H it
(B) ;i 0.3 mL/min; R FIH6 B2 VR, VERLFR P
0~0.5 mn 10% B,0.5~1.5 min 10% ~30% B,
1.5~5.5 min 30% ~70% B,5.5 ~6.5 min 70% B,
6.5~7.5 min70% ~10% B,
1.2.4  Jiks&ft

BT 55 25 1R (ESI) JR B 400 °C, E4E H %
4000 V; = 4 0 IE A E RS F AR
3.0 L/min; TSR & 10.0 L/min; @£ 5 E &
TX RiEREEESBILE L,
1.2.5  Fdisrtr

KA SPSS 20 #{4 #E 17 B &R 7 2 4 A, LU
P <0.05 hEREGITFE L.
2 HERE5HW
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10 Fft PGRs BB —bRIEVS AT B B F 2R, F
MEFEFEHAME. 2RI EU 5 2002/657/EC
SHBCR A R IE A BRI 2 R R
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%1 10 7 PGRs /Rt S

&Y BT B X (m/z) Q1 i £/ V R fERE R/ eV Q3 Tl &£/ V
6 — 1 g nEmnd - 224.20/133.15 % ,224.20/106. 00 24,24 21,31 25,19
15|t 7, iR + 176.00/130.05 = ,176.00/77. 10 13,13 17,44 24,30
15| TR + 204.10/186. 10 = ,204.10/130. 10 22,22 12,26 19,23
2,4 - “HERLR - 219.00/161. 15 % ,219.00/125. 10 24 24 12,25 29,21
4 - FRE LR - 185.00/126.95,185.00/91. 00 13,13 14,36 22,26
SR + 248.10/129. 05 * ,248.10/93. 10 28 27 16,32 24,16
EnqlA + 294.10/125.05 * ,294.10/70. 05 15,15 21,40 28,22
IR - 219.20/100. 10 % ,219.20/71. 10 23,23 9,32 30,22
4 - FHRE LR - 169.20/110. 90 * ,169.20/94. 90 18,18 14,15 18,28
T S R I 1 - 202.30/133.20 = ,202.30/157. 90 24 23 21,24 12,24
M HERE T
2.2 EELHaRAL Tr
BRI PERE AT 4 1 2 (L R R R A < 7
RGEA—EEM, & CiEE™" ", 550 f af
U Z A LA 0. 1% FIR -2 mmol/L R =Ll T oo
.0.1% F s -5 mmol/L F 2 %%.0. 5% F 4 -2 =1 J4 MK ij\ A
Ay 3y Ak
mmol/1, Eﬁ@z%{ﬂ] 0.5% qﬂ@& ~3 mmol/L, Eﬁ@d{%ﬁfﬁz %.0 3.5 410 /LAS 5.0 5.5 610 615

SKAR, W TR E R SAE T R B AR . SRR
B, R F B BEVE N A AL BT, 2 B RCR AT T 206 5 K
FHAFANA 0. 1% HERET, 10 F PGRs 1 ﬂﬂ*ﬂiﬁir
PR TN 0. 5% FER B, W[ LR (15| T
’%ﬂtkﬂﬁiﬁg?ﬁﬂ%%”@mﬁ%ﬁiﬁ,@%?fﬁqﬂ@ﬁ%\
BN FRC T AT T 6 - FEARIER 2,4 -
THERELR A - FRELTR R 4 - FAREL
R AN S A AR IR RO R SR B . XL T 0. 1% HER —
2 mmol/L FEREF 0. 1% H R —5 mmol/L FFEREZAE
SIKAHBT A B RCR  SE RR B 0. 1% H R -2
mmol/L FFREL B 7 B AT B M 47, (R, 4%
0.1% HF 2 -2 mmol/L H 2 #% 5 H BAE N sh #H.
10 Ff PGRs AYE B T il B LA 1,
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VL SRR IS 2.6 - A IR IS 3. WU 2 R

4.4 - FAERLERS. BN 6.4 - MAERLER:T. W% T
B2 58, GUILHR ;9. 2,4 - “HURE LR ;10. 2.

1 BiktEEE - BEFUENE 10 ﬁl PGRS

PR (10 pg/L) BB TRl

2.3 WA EGKA
2.3.1 #EEUEFIMILL

H AT QuEChERS 77k 42 B 71k 2% F H g sk
ZIE, L e BB 2 . LA 10 Ff PGRs
TR 5 we/kg RIREPITAE 5 SEE AR, 4351 EE
BTHEE O 1% PR - FEEAR 1% PR - CE
WO 10 Fft PGRs [EIISZE [ 0, 25 52 LI 2.,

1% P B~

6" Jk 5] W e 2.4-—
7ﬂ3—5ﬂ9 2% M AKEZm A
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A

B2 AEEEGAFIXS 10 # PGRs 2B RAIRZ M0

MNIEL 2 AT LA, P A AR 1 P ) S R A
RS2 R IR AR , BRE O B IR BUSCR R o X
AT RED O FH R s O A Pt o B A SR B AR )
—RA R Sk, A IS R A T AT,
PCRs J& TERYEAL &9, 76 L o Jid 2 (4 YRR T

DI PGRs TRV H L B S IR, $R M $R sk
F, I, 1% FIR - CHER IR AIREUE R
2.3.2 #REFEMTL

LA 10 Fft PGRs TR HNZKF-R 5 g/ kg FOHE P
mm o SE S A RE, R T IR R (2 000 r/min,
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TE& REAZR %LZ

’ﬁ”zﬁ FLR R WERRE 4-FOK RIUE
Ao WRERRE

B3 AEEEFES 10 7 PGRs 2B RAI R

ME 3 "] LUE i, 10 F PGRs Z4k3% 1R HUE [B]
WCERTE 65.3% ~T77.1% B IRBUS 10 Ff PGRs [1]
W FFHZE 84.9% ~90.7% .

#E—25 HE T AN [R] 1) 8 75 B ) (5,10,20,30
min) Xf 10 Ff PGRs [FISCZR AN, 458 B w, B
ZR it % 7 B[R] A RE K TGN, 7€ 10 min B & TF
i, YRR PR B[R], R AR AR L, %
B A ETR] 10 min,

2.3.3  #fbkefiie

YR S B AR TN R, B

SR BAR R0 i , N 5 1 A3 B R B R B 2

100 @ EMR-Lipid mcis

ME!%

fEZE T 9 M QuECKERS 75 i i B, XF 15 48
QuEChERS J5 2 H % T W Bt 1) C18  PSA F13§ 3%
BB 22 BRI B %) EMR - Lipid #47% %8, B 1 mL
= EAE Y AR U 4 A 0.5 ¢ EMR - Lipid |
0.5 g C18 F10.5 g PSA 13515+ fb 5 2 VA, A%
JRANE (ME) TEMY 3 BRI FH FRIXF 10 Ff PGRs A5k
MR ME = B2 B INAR I e (B 25 H 7]
HIARIE T B x 100% . ME {85, F#n &5k
Fﬁﬁ%ﬁviﬁi,%ﬁ?ﬁnﬂtﬁ,@%x&%ﬁﬁ

o 3 PRI FIXE 10 B PGRs 1§+ 1h 25 3R 14 5% i UL

6" Ak
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ll |[17k’1 15| I 2,4-—"
i
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450K AR 2R 4-
Tm SERZ®m Alm A

WE IR A I
TR H?”ﬁﬂ/\

4 AEWRHMFIXT 10 7 PGRs S LR B0

HIE 4 ATRLE H AR GEIE R 7] C18 \PSA i 5 9if
Jtee it i (R AN BRAEL, AR TR L, 10 Fif PGRs
) ME (€391 T 80% ;R ] EMR - Lipid #{L 2R
F4F,10 Fh PGRs ) ME {E7E 82.1% ~90.3% Z [4],
BTN, IR ah B9 73 8 B AT 2 8k . X

AT RESE 5 REC 2R T A C18 PSA SR [t 50 AR
P, HRIR IR & W) 2 it EMR - Lipid RE% % T Cs
KUl BB RERAESE , e R4 , T LISRAG ERAE Y
BRAE SRR

PGRs TEAE Yl o LUR B AFTE , IR i k4
HORAR R 715 R B9 20T B, (5 T 0% B 50 1
FHE 1 BR , 8 it 15 A B R U 2 S i i AL 5O R
LIEE T AFEME SR (1.2.4.6.8 mL) X
PGRs LRI, A BURE b i (L B i 4 mL
BT, PG TR SRR | S T B IR A (RT3
[RIFR BE B i, X T BE 2 o BT Bk ) 2% 5 BT 3 A9

BN, I, 4 mL 48 BUR #E
Lipid ¥tk .
2.4 FikFkiE
2.4.1 FRAERLR KBRS E R
H12.3.3 Z55A] 401, 7 45 QuEChERS 4k b
PR S ATIAEAE— R HY 5 B3O, R b >R FH 38 J5 DC g T
VEVRHE I ZAE I I il 2k, DATH B 5 B 2800 7 5 /9
M2 o S R RE i SR IO R b i v e il o 1
TAFMMZEWR 4% 1.2.3 1. 2. 4 Jikie ATl E , LLE
B TR AR P AR AR , LUAH L VA W B o B vk
DR A TR , 2 1l b v b 2R, TR B RN NAKF R, A3
1ﬁ1§ e L B 2 TR B, A 10 A5 L B 2 O T
B, &R N2, HFE2 ATH,7E 1 ~100 pg/L
@@w,loﬁ: PCRs RMEC R RAF, KRR I (r) Ny
0.991 ~0. 998 4 B4 0.014 ~0. 188 pg/kg, F &
FEJ7 0. 048 ~0. 625 pg/kg,

1T EMR -
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F&2 10 7 PGRs EMSEE . EFA R X R EHRMEER

E&Y LMEEE (neg/L) BV Ry HXRFER(r) KR (ngke) EER/ (pgke)
6 — R AR IE S 1 ~100 y =121 499x + 119 087 0.996 0.061 0.204
18|k 2, R 1 ~100 y=20255x +1 712 0.998 0. 065 0.217

e[ T 1 ~100 y =74 710x +67 618 0.993 0.031 0.102

2,4 - “HEALR 1 ~100 y =62 567x +43 380 0.997 0.083 0.278

4 - FHHELR 1~100 y =24 961x —38 319 0.993 0.023 0.075
IR 1 ~100 y =16 210x +20 272 0.993 0.086 0.286
L3k 1 ~100 y =525 996 +346 949 0.998 0.014 0.048
BESERE 1 ~100 y =237 172x + 141 329 0.994 0.033 0.110
4-FEALE 1 ~100 y =16 133x + 68 362 0.991 0.046 0.152
TR A 1 ~100 y =43 857x +74 868 0.992 0.188 0.625
2.4.2 [FWCERSHEEE H A% 3 KRR B AR VAR, IR S AR b

TEZS F Al R B AL AR S PN . MZE(RSD)ZER K3,
®3 Z=EHEMT 10 7 PGRs FIMARE R FNAXRERE (n =6)

ey IR/ SEATI KE piackli
(pg/ke) ER/%  RSD/% R/ %  RSD/% R % RSD/ %
1 75.2 4.2 73.8 5.7 72.7 5.6
6 — 5 LR s 5 74.3 8.1 76.9 6.0 78.2 7.0
10 84.5 4.5 81.7 9.1 84.0 4.7
1 77.8 7.1 70.6 3.2 86.9 3.8
W3\ 7 iR 5 72.6 5.9 82.1 1.5 85.1 3.0
10 83.9 3.8 78.3 6.2 94.7 2.5
1 73.8 6.9 77.5 6.4 74.7 10.2
m|E T R 5 77.2 6.0 73.9 5.3 81.1 8.3
10 87.4 5.3 82.6 5.8 86.2 6.9
1 75.3 7.7 74.2 3.2 70.5 6.7
2,4 - ZERELER 5 78.0 2.8 78.7 4.1 78.4 7.3
10 85.0 4.2 83.3 3.8 83.0 5.1
1 74.7 7.0 75.6 2.1 73.1 9.2
4 - FRE LR 5 84.0 7.1 73.8 4.8 80.4 7.3
10 92.4 5.4 82.3 5.0 83.8 5.6
1 80.8 4.1 83.4 4.4 73.6 7.7
SR 5 81.5 1.2 81.9 7.5 75.8 3.6
10 89.4 4.7 90.0 8.2 84.9 2.5
1 71.2 6.7 78.3 6.4 82.6 3.7
EZ 5 76.7 4.0 75.2 3.5 80.3 2.5
10 84.5 4.4 86. 1 3.2 90. 8 6.3
1 72.6 7.5 77.1 6.2 74.6 6.4
I HE 5 71.9 6.7 80.8 6.4 73.8 5.6
10 86.2 3.6 85.5 3.6 85.7 4.7
1 70.2 5.8 73.2 3.8 77.5 5.7
4 - FHREALR 5 74.5 5.6 75.6 2.6 74.7 2.4
10 87.1 3.5 83.5 2.1 84.1 2.6
1 73.0 4.9 74.3 8.2 71.7 3.7
SR PN s 5 72.4 7.3 78.5 6.4 80.7 1.8
10 81.6 4.0 88.4 4.2 79.6 2.5
B33 Al FERALASE IR 448 F 10 # PGRs  10.2% , MEHR 585 2 BE BRI 2 S PR BT O ELSR |

B EUSCRTE 70. 2% ~94. 7% 2 8] ,RSD 4 1.2% ~
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KA T %65 30 LU SRRl R S A AR
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KR . F R R B TR BEE T &

I RATE AR A P2 AR 2, B A/ NEUAE )

WA, TR B IRIRE, AN R L 2R

W6, Bt AFE Y3 5 PGRs 5% 84 [a] AT 5 i 22 el

3 &

AR S5 B B B 5T EMR - Lipid 5z A 21
QuEChERS Rij4b¥ 7 2, I 46 & & RORAHH 3% - &
B vk sy 1 [R) B A AE 47T R 10 b PGRs £
M7 e AT FLEEEN 1 ~ 100 pg/L, 10 Ff
PGRs LM R RAIF, HHIC R E(r) 7 0.991 ~0.998,
K FR4 0.014 ~0. 188 wg/ke, E &R M 0. 048 ~
0. 625 pg/keg, 10 F PGRs ff B U R FE 70. 2% ~
94.7% Z 18] ,RSD h 1.2% ~10.2% , T 15
QuEChERS ¥ , A& J5 kB Ag AL SR B 4T, 7] FH T4
Yy th ZFh PGRs 5% B8 () PR i 25 B IE , AR Y
T PGRs PR 1508 82 7 i 40 XU, e i) e il
SE A
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