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Investigation and analysis of 5 plant growth regulator residues in
commercial sprouts in Liaocheng city

DU Xing-Lan, LI Shu-J ing*, ZHANG Zhi-Hua, ZHANG Shu-Zhen, ZHAI Xue-Hua

(Liaocheng Institute for Food and Drug Control, Liaocheng 252000, China)

ABSTRACT: Objective To analyze the residues of 6-benzylaminopurine(6-BAP), 4-chlorophenoxyacetic
acid(4-CPA), 2,4-dichlorophenoxyacetic acid(2,4-D), indole-3-acetic acid (IAA) and 3-indolebutyric acid (IBA) in
soybean sprouts and mung bean sprouts in Dongchangfu district, Liaocheng city. Methods The samples were
extracted by QuEChERs method, and 5 mmol/L ammonium acetate water (A) and methanol (B) containing 0.1%
formic acid were used as mobile phase for gradient elution. Multiple reaction monitoring-information dependent
acquisition-enhanced product ion (MRM-IDA-EPI) was used for mass spectrometry, and the resulting sub-ion spectra
were used to spectral database retrieval for qualitative confirmation analysis. Results Plant growth regulators were
found in mung bean sprouts and soybean sprouts. Among the 20 samples tested, 6-benzyl adenine was detected in 10,
4-chlorophenoxyacetic acid in 11, and indoleacetic acid in 20, the other two items were not detected. The spectral
matching degree of positive samples was more than 70%. Conclusion The abuse of plant growth regulators in
commercially available bean sprouts still exists. It is necessary to continuously monitor and control the residues of
plant growth regulators in bean sprouts, and to prevent the risks to consumers' health caused by the abuse of plant

growth regulators.
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FrReamiigiser, HafhFw . BRem. HEl, w2
I8 o GAHFMIER L A — R 4~5d 224, —ik
ANERWCH T 48547 R By s AR
TEA T B3 S 2F | S i B AR RSN “AB
“TOAR G 2E A R SRR IR 4 52 R A
RGN XH . X, WA RA R, AR,
— MR 2 d R IR R AEHFIEE K, TS
ILERE R LHEEMBUE . 8% NERERSE, XA
A BUE | BORTE A PE R, B 6 15 AN 23 /e S I ] Py
HEBE, K I FH A 2 5 i AR P D A - 2 4
ST AT T E A S, R %N R R S 2 SR A
W

2015 4 4 J1, FEZEGh 25 B BLEUR | Al R
ER DA AE T 2 R RBRE R AT T KT B2 A i
FRAS I 6- N BRGNS S BT A1 (2015 AR5 11 %),
AR 6- R B JRIZENS (6-benzylaminopurine, 6-BAP). 4-
S 754 L2 (4-chlorophenoxyacetic acid, 4-CPA), FF8i &%
VERARTEAR 2B A T I T VG, & 24 AT
A YOI, H S A P R R e ) R B 4
VR LA, ME SRR E AR L] kY
FE AR TFEER 24 A KK LR
(2,4-dichlorophenoxyacetic acid, 2,4-D) . M| Bt 2 &
(indole-3-acetic acid, IAA). "5 T R (3-INDOLEBUTYRIC
acid, IBA)5k F BRI B WA K o ARAE L JLAE 2 E 4%
Hi I AILAS B ARSI 25 3R, 2 R I & A A A R 7
MRSy, EERS NIREER . 6-BAP, 4-CPA | 2,4-D. IAA,
IBA . B-ZEZIR4EE,

H Rl OC T T 2F R A A A AT R0 A I vk Ry
SRS SO - B ORI ROk gk
U190 BRI B FH IR P02, o SBME €% - B
PR HAT & REBUZ AN SR L3, Ol T I 4Rk 5
I e TG 0 - B2 1 2 B A LR K A Y
2017 455 24 S04 (O ZE A A KR R g ) B
DUAHXS T Hme 5 15 5 B 1 0 B A DR e M s 1 B AR N B 1
FHE, MXTEFEERT 50%0), a2 Nt 20%, M
S R RS AR AR AR R R ABAESEBR AT, A
SR FH ARG A R0 25t BRI o 8 5 B B i) 22 Sz s -
& B M R 4E - 34 58 7 2 T 33 i (multiple  reaction

monitoring-information ~ dependent  acquisition-enhanced
product ion, MRM-IDA-EPI# 3 i — U REA AT AT

F iR REUER MRM 2528, T [ 45 2 AR 1 9 — 9%
AFTOE A, 8 TR T AR R A R
FTHUER

AKIFFE IR A A T T AR B I EL2E S S
HHEL A A VA3 700 B 95 ek BROIR B, SR 1 B Do ik
FEufiiE, S B A LG 520 1T 37 P A — U S Al i dls
PAGRAPIH 925 e

2 MRERE

2.1 RS

MEGIERES: IR 7R BN XA R T . B RT
JE FIR R T HEH LM 16 4R S 2R (5 N E2F 1~16).,
A MEEFEEG S NHEEEF 1~OHEARBM R, Hpaas
I~4, EEZF 4 WL FERERE, 52 5~13, HE 2 13
VAL FAR AT, G2 14~16 WLFREGRET .

6-BAP FRiEMJF(CAS 5 1214-39-7, it 5: 201903,
i 100%) . 2,4-D FRiEYIFI(CAS % 94-75-7, #it5:
201903, #fiFE 100%) (Al FF IR AR AR Wil fir); 4-CPA
FRAEY) L (CAS 5 122-88-3, L5 G158449, 4liJF 98.1%,
1% % Dr.Ehrenstorfer /A ®]); IAA FRifEY) T (CAS 5 87-51-4,
HS: 0561807, 4JF 99.7%). IBA #RifEH i (CAS &
133-32-4, #it5: 0571807, 4l 98.1%)(dt 5tz 28 6 Al
HARAT).

QuEChERS A& (ILARE =ZRAFEM G RAF); &
& (1G4, 2£E Spectrum A F)); W (R4l £ E
Spectrum v H]); HER (A4, 4K Fisher Scientific v
A, LMREE(ES4E, NS K Fisher Scientific 23 F]); 4fiigt
TR (B B LE P P AR ORI FRA 7)o

PRUERE 2R FRIBGE S PR HE I, I B AR A
RECEM 1.0 g/L TR, T FiE AR m i,
FF B F-20 CUKF P A& H

LT ARV IR P 0T 28 11 V8 V001 s T Ao 48 VR TR
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T FUE i, 2l 5L T AR ZR
22 UESEEF
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a4 ACQUITY UPLC BEH Cig(2.1 mmx100 mm,
1.7 um); FEIAH: A 5 0.1%H B2 Y 5 mmol/L Z FR &KV
W, B AW, AR 35 °C; AR 5 pL. BREEUERRE S
:J:%% 10

R1 SHRAEIEHERREY
Table 1 Gradient elution conditions of high performance liquid
chromatography
i) /min WH/(uL/min) WS A% WS B/%
0.00 200 95 5
3.00 200 95 5
3.10 200 90 10
19.00 200 20 80
21.00 200 20 80
21.10 200 95 5
24.00 200 95 5
232 JREEM

BFE: ESL H RS 20 W15 B AR # M R
- EF A ZARRE: 55 mL/min; KHEX
Wi 30 mL/min; FHEIIIARE S 55 mL/min; &7 R
JiF: 550 °C; RS R 6 mL/min, 5 Fh7ERI 4 By W) 2+
MESHE 2.

233 WAEFGk

QuEChERs Ff i ATANBE J7 vk FREX 15 gCR§Hi 2 0.001
)SIHIG H AT 50 mL HIEE.LE D, A 15 mL & 1%
IR LR, whEdR 10 min, 7~ 20 min, filA
QuEChERSs #2lU{(4 g Mt (MgSO)+1 g BEIREN), HEW
&% 3 min J5, 4000 t/min .0 5 min, WH 8 mL Z 52 F
B 25 mg N-TNIEZ T 1+150 mg MgSO, 194 HiL [ A A B
WA, BEiRPEY 1 min, 10000 r/min B5.0> 3 min, B
I mL BWERASRKRT, AFEEAZ 1 mL, i 0.22 um J§

B T R/ IR, 690 TR €2 - PR TS S 2
ERGI

S5 5 fEME AT FINES R
XF 16 HEARET ZEA 4 LT T 2 A A 1 R 5 gk
5307, RINGR T 2R G 2F e A A AR A
H, GEFANZE 3 R, 2,4-D. IBA R Frattihhiy
¥ TAA, KIS RN 7.23~498.39 ng/kg; 6-BAP, 4-CPA
Kt 435 50% F1 55%, K S B 2 B 131~
175.98 pg/kg . 10.00~177.45 pg/kg Hod 1 A~kE L 6-BAP
3RS 4-CPA 7 MEEEE R TAA MIFR IR B s, il
100 pg/kego

BTSRRI S EA B 20 R B 2E . 4k
FESLHEATREIN, 6-BAP A 12 #Htyi&H, &&E N 0.5~18.5
pg/kg, IAAG 4tk i, &4 3.0~12.0 pg/kg; 4-CPAH
OHEVCAR Y, ik 10.5~780 pg/kg, IBA AH: H 45 FFi %
WAL ATRTTY 5 NRR R T A 4-CPA 5k,
5% A BAE 80~140 pg/kg, 6-BAP Bk B BHAE 50-100 pg/kg, 7
AT S T o AT MR, 4 T A
6 A& EZEHH 4-CPA, 3 #E&EE 2R 1AA, 2,4-D. IBA
FA P, XIERSPZE O 10 AN X 21 43 # 5 2E A
31 MEE P EFRITRT BRI, 4-CPA .,
TAA Fl IBA K H 2558, 2,4-D R . T2 4-CPA |
IAA I IBA #: HRA 90 14.29% . 66.67% . 38.10%, Fiih
JEE AR 23~120, 24~140., 1.7~94 pgkg, GE T
4-CPA .JAA il IBA # H 243 K 25.81% .64.52% .16.13%,
K TG 43 h 3.1~570. 23~5300., 2.5~88 pg/kg, Hrh 2
MR TAA MFR B AL, 4390 2670 pg/kg Al
5300 pg/kg. IAA 2 —FIfil AR Y AE KR B R R I
PR, XRTDMERE E R B m IR T I, Rie 2
BN, DIRRBERRIE . RATTZIE AR
AT B A 25, AR A R T 70055 R ARGt S i 4 o
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3.1

F2 SHEVEKEATHNRERESY
Table 2 MS parameters for 5 kinds of plant growth regulators

&Y BETmW2)  TETM2) BERENV O EEEE/NV O RHEEACNBREN O RERERNV SEEE Y
6-BAP 224.2 133.0 -4500 —-100 -10 -30 -12
106.0 —-4500 -100 -10 —44 -12
4-CPA 184.8 126.7 —-4500 -40 -10 -16 -12
110.7 —4500 —40 -10 -20 -12
2,4-D 218.9 161.0 —4500 -60 -10 -21 -12
125.1 —4500 -60 -10 -36 -12
IAA 176.2 1303 5500 80 10 27 13
103.2 5500 80 10 43 13
IBA 204.1 186.2 5500 110 10 21 13
130.4 5500 110 10 33 13
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3.2 B 5 MEYE T FIMIE

S FHE TSGR T, SR 4 R, FJ?ﬁ M 10 AR LA i A
VTR KT 70%, mmmm L =

VULRAFBOELAR L, 81 B

TRy 1/4-1/7%0,

BJS 201703 <<E ZERRIY A KA

P B

®3 S HEYEKFTHIRELER (ug/ke)

1 ug/kg. 5.2 9 H 6-BAP & &
B B A, fijﬂsz:éfﬁq‘ BRI THGIE, VOlME N 76.04%, B LIHGIE AN 6-BAP, AJ
B, MRM-IDA-EPI #550R AR =y 1 il i) B

Table 3 Residual Results of S kinds of plant growth regulators(pg/kg)

FIR e LI,

Mg Y Higerh, 5 FiRLY B KRS B R A 5 ug/kg[zs]
AR E &
SEHl 1.31 pg/ke, Wit H

FE 25 6-"NILAREERS 4-FRE LR 24-ZFAARALR 5|k 2R m5|WE TR
G ZE 1.67 N/A N/A 34.71 N/A
LEZE2 2.02 N/A N/A 66.55 N/A
GEE3 N/A 10.00 N/A 32.67 N/A
LEi 4 N/A 133.93 N/A 372.32 N/A
GEHS 3.99 52.61 N/A 56.02 N/A
SEH 6 N/A 52.25 N/A 214.42 N/A
GEZFT 6.90 N/A N/A 47.64 N/A
LIS N/A 55.69 N/A 498.39 N/A
LEHZE9 1.31 N/A N/A 35.28 N/A
HEZE 10 N/A 24.35 N/A 30.73 N/A
SIS 2.56 48.27 N/A 203.51 N/A
LEE 12 N/A 65.72 N/A 153.24 N/A
G 13 1.49 N/A N/A 31.76 N/A
BEZE 14 N/A 135.67 N/A 353.41 N/A
L ZE 15 N/A 13.31 N/A 353.18 N/A
G 16 N/A N/A N/A 47.99 N/A
WHEF N/A N/A N/A 13.82 N/A
WEZE2 175.98 N/A N/A 28.65 N/A
WH3 18.29 N/A N/A 16.33 N/A
WHE4 32.05 177.45 N/A 7.23 N/A
e *N/A: SRR, s tH BRI 1.00 pg/kg.
R=4 5 MHEYEKESTLELEREE
Table 4 Matching values of 5 kinds of plant growth regulators

K 6" FEAR RS /% 4-FREA LR % 24-ZFRA LRI % W5\ 2 R /% I T RR /%
SIS | 83.28 N/A N/A 88.99 N/A
L2 84.12 N/A N/A 93.55 N/A
L3 N/A 77.92 N/A 88.19 N/A
325% 4 N/A 95.77 N/A 87.66 N/A
LRI 93.49 94.02 N/A 90.22 N/A
jéﬁﬁ 6 N/A 93.12 N/A 87.18 N/A
BEZET 95.57 N/A N/A 92.29 N/A
LG8 N/A 95.72 N/A 85.99 N/A
GHZF9 76.04 N/A N/A 90.52 N/A
HEZE 10 N/A 90.41 N/A 88.74 N/A
LEEZE 11 93.07 95.74 N/A 87.68 N/A
BEZE 12 N/A 95.92 N/A 88.38 N/A
L 2F 13 83.73 N/A N/A 88.23 N/A
LhE 2 14 N/A 94.49 N/A 89.18 N/A
BEZE 15 N/A 85.73 N/A 87.67 N/A
B ZE 16 N/A N/A N/A 89.56 N/A
WA N/A N/A N/A 74.25 N/A
HITE 2 93.35 N/A N/A 90.00 N/A
T3 97.22 N/A N/A 84.27 N/A
WEHF4 93.77 94.98 N/A 72.97 N/A
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