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Abstract: A rapid and efficient method based on ultra-performance liquid chromatography-tandem mass spectrometry was established for
the analysis of 13 plant hormones in rice. The conditions for chromatographic separation and mass spectrometry detection were optimized. The
target compounds were separated by ACQUITY UPLC BEH Cg (2.1 mm % 100 mm, id 1.7 pm) with gradient elution using acetonitrile (0.04%
VIV formic acid) and water (0.04% V/V formic acid) solutions as the mobile phase; baseline separation was achieved within 11 min. The 13 plant
hormones were determined in the electrospray positive ionization (ESI+) and multiple reactions monitoring (MRM) modes. Analysis of the
results indicated that the 13 plant hormones had good linearity in the concentration range from 1 to 500 ng/mL, and the correlation coefficients
were all greater than 0.9980; the recoveries ranged between 81.9% and 118.8%, and the relative standard deviations (RSD, n=3) were between
2.45% and 8.12%. The method is simple, sensitive, accurate, and reliable; therefore, it is suitable for determining the contents of 13 kinds of
plant hormones in rice. Furthermore, it can provide technical support for detailed examination of the growth and development process of rice
and the identification of plant hormone residue limits.
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Waters, ACQUITY UPLC BEH Cjg (2.1 mmx=100 mm,
id 1.7 um) . HEREH Fluka, Z . FEIWHE Merck.
BT A TR AR AE S 206 H Olchemim. SE5G 7K )
N Milli-Q plus 25 817K

1.2 AR 4y 5y e

TERFREL 1.0 mg HI7REE 3 3 A& 1. I
TR | KGR MIVEZER . VAR RATRR. 77
HHR T HAEER 4 KAR LA WRERSE. 12
SR ) R RN A 3 658 B VA A FR RV, T
BRI TE N 1 mg/mL [ SRAR i & IR - BT S 1R FRAR i
ERVEL BRI SRR A Horb, SEY)
PEIRIEN 1 pg/mL. ¥ R R R,
FF 22 hniE TR 2

1.3 @i 1

iR B, A WA 0.04% FIR-/KIET,
B N 0.04% FIR-LRGA T . FEmET 4 °CHBhRE
#rh, KR 45 °C, JAUECA 400 pL/min, BEFEE 4 pl.
BEFEVEA A B AN R : 0~10 min, B ¥RM 2%k AL 3
98%, A WRAH R A 98% Lk 14454k £ 2%; 10~11.1 min,
B B 98%LEMEARALZE 2%, A AR 2% PEAR
1EF) 98%; 11.1~13 min, B IR4EHFIE 2%, A WA
LERFTE 98%.

RIS SAE: BTSSR (ESD , Hir Ul
B2 OB M (MRMD o EST 2PFU0R
Source Temperature (E5FI5IRE) : 500 “C; Ion Source
Gasl UGiiiBhin#v< 1) : 45; Ion Source Gas2 (4Hihin
#A2) ¢ 45; Curtain Gas (U S0) = 30; lon Sapary
Voltage Floating (HMiZ5HE) : -4500 V.

1.4 A4 F R E

TR RS kP Bk ki
T, KK FEN S SR WS, B 100 mg FE
T 2 mL B0, AN 1 mL FE- - KIER
(40:40:20, V) , fEHIRA] 2 min; 4 ClEaimie
12h, 14000 r/min 250> 10 min, HX 35 800 pL, %L
AT, H 200 uL FEE- KB (50:50, VIV) 5E¥,
14000 r/min 250> 10 min, B EIERIHFFEDHT

2 ZR51He
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Fig.1 Total ion chromatogram (TIC) of thirteen plant hormones
at different solvents
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Table 1 The mass spectrum of thirteen plant hormones

24 REABRA

F XL AR AL LHEE  HREHA/min FEFmiz) FEFm)
FEE3 GA; 4.50 345.0 220.9/143.1%
FEEI GA, 4.65 347.1 302.1/273.0%
Tt IR AR IPA 5.09 336.0 204.1%/148.0
KR SA 5.36 137.0 93.0%/45.0
|k LB IAA 5.69 176.0 130.0%/103.0
JBE 5B ABA 6.87 263.1 219.1/153.0%
A% JA 7.58 209.1 151.0/59.1%
FEET GA; 8.16 329.1 284.1/223.1%
FEE4 GA, 8.23 331.0 286/257.4*
RA B TR JA-ILe 8.50 3220 265/130.0*
peES L CS 9.40 465.3 429.4%/305.3
12 8RMMH B 12-OPDA 9.89 291.1 165.0%/148.1
A & 5% TY 10.76 449.4 431.4%/275.4

E: *TEHT.
2 13 TEMIRERNZL SR, XA, RER (LoD)

Table 2 Linearity, correlation coefficient (R?) and detection limits of thirteen plant hormones

A E KA KHMTEE/(ng/mL) ARXFREL A dR/(ng/mL)
GA; y=0.0163x-0.0210 1~500 0.9990 0.310
GA, y=0.0057x+0.0089 1~500 0.9992 0.421
IPA y=0.0330x+0.0035 1~500 0.9997 0.351
SA y=0.0280x+0.3146 1~500 0.9999 0.332
IAA y=0.0005x-0.0002 1~500 0.9991 0.507
ABA y=0.0396x-0.0364 1~500 0.9980 0.377
JA y=0.4727x+0.2448 1~500 0.9994 0.421
GA; y=0.0881x+0.0687 1~500 0.9998 0.394
GA, y=0.0077x+0.0185 1~500 0.9993 0.421

JA-Le  y=0.0004x-0.2823 1~500 0.9996 0.450
cs y=0.0082x+0.01455 1~500 0.9992 0.512

12-OPDA  y=0.2921x+0.1508 1~500 0.9995 0.433

TY y=0.4206x-0.3235 1~500 0.9997 0.375
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7 3 EWESEMNNEREIRIGER
Table 3 Recovery and relative standard deviation (RSD) of

thirteen plant hormones (n=3)

radisE /?E;f;) /(iﬁfﬁ) /%  RSD/%
1 0.87 87.0 8.12
GA; 50 45.8 91.6 7.82
100 110.4 110.4 5.11
1 0.82 82.0 3.41
GA, 50 514 102.8 6.55
100 89.5 89.5 7.34
1 1.13 113.0 6.42
IPA 50 554 110.8 745
100 85.7 85.7 245
1 0.83 83.0 7.81
SA 50 56.2 112.4 4.53
100 112.6 112.6 5.76
1 111 111.0 7.12
IAA 50 4.8 85.6 6.12
100 873 87.3 545
1 0.82 82.0 543
ABA 50 57.9 1188 6.17
100 86.9 86.9 7.12
1 0.86 86.0 7.82
JA 50 543 108.6 6.14
100 1119 1119 4.17
1 1.14 114.0 5.65
GA, 50 48.1 96.2 6.99
100 115.0 115.0 7.65
1 0.88 88.0 5.24
GA, 50 47.6 952 4.23
100 109.3 109.3 7.11
1 1.04 104.0 6.29
JA-ILe 50 55.5 111.0 7.51
100 89.9 89.9 6.77
1 0.87 87.0 5.65
CS 50 429 85.8 7.57
100 86.5 86.5 743
1 0.82 81.9 5.34
12-OPDA 50 41.6 83.2 6.55
100 83.8 83.8 543
1 1.16 116.0 6.85
TY 50 43 84.6 7.01
100 108.9 108.9 6.34

25 LHMEXAMEHR

FRAEV T it P R AR L B 10 pg/mL A
HEB, ARG AR S ng/mL brvlE TVEARS. DL
ROTEFE A, X RIIbRE AR T 00, DA
VIEIREE D x B, PO BRI TR y B, ZA%
HEHIZR, FFEATANMEREIE, 153 EATFERREC R 2L

(R , LMEEELL (S/ND N 3 HiE b A it R
(LOD) , Ak 2, LMEVEHTE 1~500 ng/mL &
], R*¥JAT 0.9980, LOD HAKZE 0.310 ng/mL.

26 EWCERFEEE

FEACFR RE S FP IR R IR A A T, #1145 1. 50,
100 ng/mL —/MKFEEMARACEIIRE S, BNRE KT
B3 AN PATRE G . AT ET I, P[RR
FEXTARAE R 22 WL 30 VN 3 NANFERIKREE (15 50, 100
ng/mL) [FIIEYIEEPREATR, 13 PSR T
TR AR 81.90%~118.80%, RSD ¥J/NT- 8.12%,
T3 VE IR RN 2 P I RF AT B R . SAE R
TEAR BRI A X IR T, WA i B e i %
.

2.7 SEPRAE AT
%4 KBRS 13 EEES S

Table 4 The content of thirteen plant hormones in rice samples

GEUE & — #ﬁjhﬁ% é?'f'g/(tig/g) o
mMFAAS 5 63T H#2F
GA; 120.32 214.33 113.36
GA,| 1.21 1.08 2.45
IPA 4.00 4.25 9.30
SA 2.65 2.57 2.16
1AA 15.33 17.56 5.98
ABA 325.99 212.15 376.05
JA 35.04 45.11 27.49
GA, 6.16 6.88 7.67
GA, 10.77 15.79 19.76
JA-ILe 20.08 27.06 22.02
CS 10.87 8.58 17.79
12-OPDA 60.15 62.11 56.19
TY 30.35 30.34 20.35

WHFCEBO R 45 5 AR 63 S Ak 2 5=
AR KRR i o RIS AR R I T AR
ERTARh A, b, BRI KRS EY)
W EE, W4 . NR4TUER, =
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Fh7KFEH GA3 1 ABA S Z, LKV GA3 Ml
YA MRAE ST HAZRERE, 11 ABA Xf
TEYIRAC I FAE & A EEREERE. o,
GA4 REAHVIEMENAER, R 2mEk
G GA7 AT LAFTH SRl AOARAR, SR at s>,

® 5 EYIHBENEF ARG IR EE

JA-ILe W LS siAE ) i sl s S U Jo =2 )R
HRRAE S S e A7, CS SRR Y AT K
FOYUH 5 240 SR, R Al B A ER S a2,
e, B ERTUUE H, ANE SRR KRG AR

EARAILES

Table 5 Detection limit comparsion of plant hormones

AsE S s TR/ (ng/mL) M E Ty ik kA s TR/ (ng/mL)
UPLC-MS/MSP; 0.675");
GA; 0310 HPLCEY, 22824
HPLC-MS™? 1.32%2
GA, 0.421 -
IPA 0351 - -
SA 0332 UPLC-MS/MSP! 05811
HPLCPY; 041821
TAA 0.507 HPLC-MS™? 3.14%
ABA 0.377 HPLC 0.71%
UPLC-MS/MSP; 0.5295);
JA 0.421 HPLC-MS™: 1.882;
HPLC-MS/MSP! 1.0%
GA; 0.394 -
GA, 0.421 -
JA-ILe 0.450 - .
CS 0.512 UPLC-MS/MSP! 1.057%
12-OPDA 0.433 -
TY 0.375 -

E: -RTFASEME (AMEFE) .
2.8 FiEat A

YA FE BT A5 00 45 5 SR AR ARG I 77 326 PR
BT TR, SRR S FiR. MR S HEATTUE
W, AHIT UL 1) 2 AR I S 532K 43 b Sk
HH BT ARSI 7 v Aer tH BRBEARG, FLAS: HH A0
FFREL, KT GAL. IPA. GA4. GA7. JA-ILe.
CS. 12-OPDA Al TY & &I5E 1715 TR B
T8 o AHFFUEE LI 77, RERSIRITFHIRH T GAL.
IPA. GA4. GA7. JA-ILe. CS. 12-OPDA F1 TY &
TV ARl
3 g

AT TN T 8 i G AT - R B R v [R]
Mg KFEHL P FRER 3, FER 1, TR IEIRES,
KGR, WIRRER, WK, RKFR, &R 1, 75
HEHR 4, KA, RS, 12 F0ED
RN SR T TR, BENS T
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