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Abstract: The abuse of plant growth regulator (s) in bean sprouts is a major factor that affects the safety of bean sprouts for consumption.
In this study, a high performance liquid chromatography-tandem mass spectrometry (HPLC-MS) method was developed for the determination
of 3-indoleacetic acid, 4-chlorphenoxyacetic acid, 6-benzyl adenine and gibberellin in bean sprouts, in which multiple-reaction monitoring mode
was employed for simultaneous detection of target analytes and external standards were used for quantification. Test samples were obtained for
HPLC-MS analysis, through ultrasonic-assisted extraction, NaCl-induced salting-out, and purification by dispersive solid-phase extraction (to
yield organic phase). The detection limit of the 4 plant growth regulators was 5 pg/kg, and the limit of quantitation (LOQ) was 10 pg/kg. The
recovery was in range of 65.1%~109.8% and the relative standard deviation (RSD) was in range of 1.49%~10.08% for soybean sprouts and
mung bean sprouts when the spiking experiments were performed at the levels of LOQ, 2 LOQ and 10 LOQ with six replicates at each level.
The recovery was. Enhanced product ion scan was performed along with the multiple-reaction monitoring in order to reduce false positive
results during analysis. This method can be used to monitor the contents of 3-indole acetic acid, 4-chlorphenoxyacetic acid, 6-benzyl adenine
and gibberellin in the commercial bean sprouts, and provides technical support for ensuring consumer safety.
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QTRAP 6500 — H PURAT-Ze M B IR A ik &
4t (i H-ESIJ5), 3E[E AB Sciex A F]; UFLC ¥
FHEE RS, HAREAF]; Sigma3K13 B0, 8
[ Sigma AF]; wHE fEE IKA; KQ-500DB i fH
BETeRs, BT A AF]; Thermo Scientific
Hypersil GOLD i CFiff 1.9 pum, 100 mmx2.1
mm), EFH.

sl 2. FHEE, 520 Fisher Scientific;
IREBTK, & 6-FERES . 4-5URA LK.
3-WBR 2R FREr FAniEmn (4lifE>98.5%), Supelco
Analytical; 4R, 32 Supelco Analyticals

Bl SV mEEH] (1 mg/mL): 43 BIERFREL
3-MIE TR 4-F AR LR 6- W RIENS | FREFR I
FrifEdh 10 mg T 10 mL R, H & F RERIE AT
ERBZIE, T-20 CHRAE, WHEH=H.

TRAPRE TAERRNACE (10 pg/mL): 55l
3R TR 4-FARA LR 6- RIS SRR
FREEAE AT (1 mg/mL) 100 uL T 10 mL &,
MW R EREZE, T4 Chkfr, nIfEH—.

1.2 F i w40 22

FREUS G I E 2ERE 10 g OR51% 0.1 2) T 50
mL R B, N 40 uL B, FEIIA 20 mL
NG, IRBERA) 1 min 247, EAESEE 30 min, A
FEHJE 9500 r/min B0 5 min. EIEREER E B
50 mL &0, I 3.0 g NaCl (i HARATG 455,
WHERS), #8775 10 min, AEIE IR 9500 r/min &
5 mine B 1 mL _FEJER, H1%] QuEChERS it
& (50 mg PSA+150 mg Jo/KBRIRER ), IWiEles] 30s,
10000 r/min &> 1 min, 3 0.2 um FIEVLEERE)S, it
LC-MS 43#7.

1.3 E-Fid At

13.1 &5t
CREFER CI8 kE, s AFEA 2 mmol/L
HRR VA SEEI 4 PR HTII R o i, SRR
FEPRE, WA 1. 3N 0.3 mL/min, FEFAARN 2 uL.
7E 7.5 min PS8R TR0 53 185 5 i APl
=1 BRERRR S

Table 1 Gradient elution of condition

A 18] /min VB /% 2 mmol/L F BR4ER /Y%
0 10 90
1 10 90
4 90 10
5 90 10
5.01 10 90
7.5 10 90

®2 HTIRIBRIESH

Table 2 The mass spectrum parameters of the analytes

L] HFHBF/(Mz) FHRBEN FBTF/(mz) FEAZH g o d ANV EP/V

133 30
6-F H AR Zoh 2242 -90 106 -48 -20 -10
116.9 49
i 126.9 20
4-FRETE 185 -40 14 -10
111.3 20
239.1 35
*EE 345.1 -80 143.1 21 -12 -10
2212 31
130.1 -15
39|k TR 174.1 -40 12 -10
127.9 24
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Table 3 Enhanced product ion scan parameters of the analytes

2T ¥R A/ (ws) BB F/(miz)

Start/u Stop/u AEdEFE/V  Collision energy spread

6-3F ARz 2242
4-AFEA T 185
10000
*EE 345.1
3-7 R LBR 174.1

80 150 -35 15
80 150 -35 15
100 279 -35 15
80 150 -35 15
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IR E VLS RIHER, 75 MRM 256 1, 14
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Product Ton) 4. 4 FEY)AE KA TI7H EPI 50U
* 3,

2 HR5S
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F R REAE U L B B TR, 552
7 1 mmol/L HER%%. 2 mmol/L HERE% A1 5 mmol/L H!
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Fig.1 Total ion chromatography of four plant growth regulators

23 FEEik

23.1 ZKMATEE. Bl R ER

BATLRMSMRE R, bRt 2T e
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PAKR Cy) N HTIREM N . 3-I5]Wk 202 . 4-5
KA 6-FEIREM IR 8 R AR E I 28 77 72 7
WO~ s y=2.21e+004x-2.97¢+006 ( R2=0.996 ) ,
y=4.18e+003x-52.065 ( R2=0.997 ), y=4.43¢+003x-
767.07 ( R2=0.997 ) F1 y=3.22e+003x-5.10e+003
(R2=0.996); 4 FfE 4 A K 18 5 7 1 26 M Va el
5~100 pg/L. LhHARIAX R NAT 5 54075 L
(S/IND 29584 3 W IME TR R R, LAH AR
VMRS S SRR LL (SAND 292 10 B
IME R E IR (LOQ). A5k 4 MWK
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Table 4 Method recovery and precision

o 10 pug/kg 20 pgrkg 100 pg/kg
i A A ML/ (pghkg)  EHE% WA (ngkg)  BE/% MEAE (pghkg)  EIKE/%
1 6.514 65.14 13.43 67.14 71.50 71.50
2 7.344 73.44 15.01 75.07 82.17 82.17
3 6.884 68.84 13.07 65.35 77.22 77.22
3-73]4k 4 7.321 73.21 13.98 69.91 79.74 79.74
LE 5 6.693 66.93 14.26 71.32 81.04 81.04
6 7.022 70.22 17.19 85.93 7342 7342
A 6.963 69.63 14.70 73.52 78.52 78.52
RSD/% 4.79 / 10.08 / 4.03 g
1 7.720 77.20 14.27 71.34 76.08 76.08
2 7.220 72.20 14.50 72.50 76.27 76.27
3 7.036 70.36 14.62 73.10 79.85 79.85
4-FK 4 7.595 75.95 14.32 71.60 76.21 76.21
Az 5 7.332 73.32 15.68 78.40 75.31 75.31
6 7.920 79.20 14.68 73.39 75.17 75.17
% A 7.470 74.70 14.76 73.80 76.48 76.48
- RSD/% 4.44 / 3.50 / 2.24 /
* 1 7.194 71.94 14.86 7431 80.89 80.89
* 2 7.844 78.44 14.66 73.29 83.19 83.19
3 7914 79.14 15.24 76.22 84.18 84.18
6-F 5 4 7.854 78.54 14.54 72.68 82.49 82.49
[TEIN 5 7.592 75.92 14.86 7431 84.20 84.20
6 7.968 79.68 14.58 72.89 82.62 82.62
{8 7.727 77.27 14.78 73.88 82.93 82.93
RSD/% 3.77 / 1.77 / 1.49 /
1 7.835 78.35 16.12 80.62 76.07 76.07
2 7.506 75.06 17.28 86.38 79.50 79.50
3 7.344 73.44 16.70 83.50 80.18 80.18
4 8.500 85.00 16.89 84.44 80.44 80.44
wEE
5 8.223 82.23 16.62 83.11 79.75 79.75
6 8.745 87.45 17.53 87.63 76.08 76.08
F341E 8.025 80.25 17.00 85.01 78.67 78.67
RSD/% 6.95 / 2.93 / 2.59 /
1 10.467 104.67 17.06 85.28 83.79 83.79
2 10.981 109.81 16.93 84.66 82.72 82.72
I 3 8.777 87.77 20.61 103.07 88.74 88.74
o 3Tk 4 8.883 88.83 19.46 97.28 80.42 80.42
T om 5 9.336 93.36 17.53 87.65 77.19 77.19
7 6 10.201 102.01 17.49 87.44 95.17 95.17
F3448 9.774 97.74 18.18 90.89 84.67 84.67
RSD/% 9.26 / 8.26 / 7.57 /

BT
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BER
1 7.498 74.98 14.73 73.64 75.39 75.39
2 7.439 74.39 14.37 71.85 72.81 72.81
3 7.358 73.58 16.63 83.14 80.43 80.43
4-F K 4 7.066 70.66 15.09 75.46 74.53 74.53
.08 5 7.172 71.72 14.82 74.11 74.24 74.24
6 7.688 76.88 14.35 71.74 75.19 75.19
FHE 7.370 73.70 15.00 74.99 75.43 75.43
RSD/% 3.06 / 5.65 / 3.46 /
1 7.192 71.92 16.29 81.43 77.76 77.76
2 8.089 80.89 15.73 78.65 78.32 78.32
“ 3 7.055 70.55 15.98 79.88 71.18 71.18
. 6FA& 4 7.093 70.93 14.89 7447 74.64 74.64
; i eohs 5 7.564 75.64 15.15 75.76 76.02 76.02
6 7.114 71.14 14.53 72.67 74.73 74.73
FHE 7.351 73.51 15.43 77.14 75.44 75.44
RSD/% 5.53 / 3.79 / 3.42 /
1 7318 73.18 16.29 81.43 85.57 85.57
2 8.235 82.35 15.73 78.65 83.07 83.07
3 7.178 71.78 15.98 79.88 88.85 88.85
FEE 4 7.988 79.88 14.89 7447 84.97 84.97
5 8.559 85.59 15.15 75.76 87.44 87.44
6 8.168 81.68 14.53 72.67 92.45 92.45
FHE 7.907 79.07 1543 77.14 87.06 87.06
RSD/% 6.89 / 438 / 3.81 /
2.4 SLITAE& I E
7l 3.083.62 9.4¢6 - 133.0
TIc 8006 EPI (224.2)
& 37 3.36 & |
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Fig.2 Enhanced product ion scan of 6-benzyl adenine in
standard solution with concentration of 100 ng/mL
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