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Abstract: A screening method was established for the determination of twelve plant growth regulators
(PGRs) in green tea using ultra performance liquid chromatography-high resolution mass spectrometry
(UPLC-HRMYS), including 2,4-dichlorophenoxy acetic (2,4-D), 4-chlorophenoxy-acetic acid (4-CPA),
4-(3-indolyl) -butyric acid (IAA), forchlorfenuron (CPPU) and 4-indoly-3-ylbutyric acid (IBA), etc. The
extract was measured directly by UPLC-HRMS with electrospray ionization in both positive and
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negative modes. The analytes were separated on CAPCELL PKA-Cg column (100 mm X 2.1 mm, 2 pm)

with gradient elution. In the positive mode, the mobile phase was methanol-water containing 5 mmol/L

ammonium acetate and 0.1% formic acid, while, in the negative mode, methanol-water was used as the

mobile phase. The confirmation analysis was based on accurate mass measurement of all compounds

(scan mode) and their fragment ions, retention times (RTs) and isotopic patterns (target MS/MS mode).

The report limits (RLs) of twelve plant growth regulators were validated as 0.01 mg/kg. At 0.01, 0.1 and

0.5 mg/kg spiked levels, the recoveries and the relative standard deviations (RSDs) were 61%-130% and

1.8%-17%, respectively. This method was simple, quick, and can be applied as a screening method for

PGRs detection in green tea.

Keywords: ultra liquid chromatography-high resolution mass spectrometry (UPLC-HRMS); green tea;

plant growth regulators (PGRs); screening method
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Fig. 1 Extraction ion chromatograms of 12 plant growth regulators
55.05507 .
100 A C.H; 1005 g 136.062 10 N=\N—|II
S 80 S N“\é\—(
é 9.070 50 ~oNH aé 80 Y
" _§ 60 83.085 91 o i ,§ 60 N=\N—|H
EB [¢) g_g ]li o _/=<
= ; 40 z ; 40 N HN
B=l 97.101 36 =] 69.070 88 204.124 74
= 20 163.147 54 =20 148.062 06
Q 53
2 A [l | | = orsgss_ 1903574 |
0 LI B S S T T T T 0 oo o1 1 1.1 1 T 1 T
100 150 200 50 100 150 200
J AT LG mi/z J A b mlz
91.055 06 H
- 100 c 136.062 15 N=\—|H - 100 Db N4\NH—|
% N2 NENT b S 80 ©_+ _2=(
Q 80 ”\N \ N o HN—\ ,N
i g N NH LK = i g @—/ N-Y
"2 60 NHN =2 60 226.108 96
# B # 3 84.960 62
=2 40 220.119 67 EE 4
=g =
LE 20 148.062 09 202.108 99 % 20 209.082 90
[~4 67.055 30 119.035 80 | 159.06679 | ~ 0 6503962 | 98.976 06 148.06204 184,088 20
7 f—r———t— T
50 100 150 200 50 100 150 200
AT LG mi/z J A L ml/z
‘0
// 129.021 84
100 E 186.09169 100 F . - "
& 3 s AN,
3 80 N 3 80 a A
=} =]
Bg 60 130.065 55 Y ] 60 .
¥ 5 ' i g FoN: @‘l“
Eg 40 168.081 15 3 Eg 40 a A EJLE
=2 14408113 | 204102 36 12 =z 11105591 5
= 20 : 3 20 i 155.000 98 248.058 87
2 515@892 l]7.05|787 Ll | ~ 94.065 96 | 178.277 21
0 — i T 0 =
50 100 150 200 50 100 150 200 250
AT LG mi/z J A b mlz



UL 3T et AR 3 - v 20 TS DO R B e v 12 R A R 9 0 I T VAR A

No. 4 v
130.065 58

<1036

o
Lﬁﬁé 80 R

H

]

42 6 o
=2 0
= ©

gz W @(C

= H,

5 20 84.960 59

o~ 5696594 . | 102,970 89 134/.99705 176.070 89

o +-+—rrr—r—T+rr—rr—rrtrrrrr—rT
60 80 100 120 140 160 180 200
Jiia7 L m/z
138.018 72 .
1004 | /O/"
[

¢ SN

S 80 i

2 108.020 55 °
S 60 o
s i0
ET w0 ©
w2z

=

o 20

~

0 77.99597 92.025 49 A |
+—T—TTTTrT—TTrT 7
60 80 100 120 140 160
Jiitn7 b m/z
1005 K N, 134046 34
N
° N
% 80 ”\7\ /
- é N NH, N=

< 60 N
4 5 1§ \ ¢ _/=<
Fole 40 N
2 202.109 45

é 20 107.035 24 187.086 21

6198710 9202412 I| “ 15701543
04— _t
50 100 150 200
Ji A LE m/z
100 — él\33.03845
1M N NH
< ] —{
< 80 N N
. \

é B 4 N
B3 60 e
# 5 ] N N
3 O
Zo 40 224.094 04

§ 20:

& 7

0 Jo198605 10002734 146.046 40 208.075 44
Tt r———T——
50 100 150 200
JFins b m/z
1005 o ;0955 93

N ] Cl

S 804

3 ]

i E 60 - cl

] . 0
=5 407
"‘c‘z -

% 20: 145.02835 | 173.023 50 cl

~ ] 114.466 54 e = 219.027 59

T iy I N T [T
50 100 150 200
Jiians b m/z

AR

AFXS = 5
Relative abundance/%

Relative abundance/%

AR

AHX = 5
Relative abundance/%

Relative abundance/%

AR 2

Relative abundance/%

143.085 71

100 H CiHiy
80
60
40
221,133 48
20 7 71.048 92 230143 94 345.134 06
) |I | 12102835 193.101 32 | |" 301.144 23
L o o o e IS e o e e o
50 100 150 200 250 300 350
JFE AT LG m/z
153.005 95
100 Al 0\\ )
N O
O//
80 o
60
40 123.007 82 O o/
20 & :\<
95.012 66 o
0 6"92:707 8144505 | 10422595 | 13803123 16&02‘957
o e e L B s e S B e e
60 80 100 120 140 160 180
JF A b mlz
134.046 34
1004 L N=\
NN\
80 “\ { N= HO
N NH. _\N
60 : NL\ 7
NN
40 218.104 45
200.093 80
145.028 27
20 107.035 21 |" ‘ \
61.009 00 158.046 65
0.."...'.‘.'.‘*".“'.':..‘..."...
50 100 150 200
Jiin7 L m/z
127.005 84
100 4 N S
80 Cl Z NH
60
40 N o
91.028 92
. SO
61.987 01 184.488 16
I e e e LI m e s s s ey e
50 100 150 200 250
JF g HG iz
100 P 126.994 63 o
80 cl
60
40 0
| ot
20 a
0 1 61.986 98 100.944 90 141.010 42 185.000 72
L o s e L B B e
60 80 100 120 140 160 180 200
Jiian7 b m/z

E%‘%ﬁfﬁ Positive mode (A: DA6; B: Z—IP: C: ZT; D: 6—BAP; E: IBA; F: CPPU; G: IAA);

$1 8 T4 30 Negative mode (H: GA; I:

SD,; J: 5-NG; K: Z-IP; L: ZT; M: 6-BAP; N: CPPU; O: 24-D; P: 4-CPA)

2 12 HEYEKETTHN R REEREHER
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Table 2 MS parameters of 12 plant growth regulators
[M+H]" [M-H]
ST ZiaEae ESI £
Analyte  Formula ~ ESImode PR BB [A] &g FEF TR BRI A] BEEsF FET
Retention time/min  Precursor ion, m/z Fragment ion, m/z Retention time/min Precursor ion, m/z Fragment ion, m/z
DA6 C,H,5sNO, ESI 5.90 216.195 81 55.054 23 - - -
Z-1P CoH3N;s EST'/ ESI” 4.84 204.124 37 136.061 77 4.88 202.109 82 134.047 22
ZT CioH|3NsO  ESI/ ESI 3.50 220.11929 136.061 77 3.61 218.104 73 134.047 22
6-BAP C,H N5 ESI'/ ESI” 4.87 226.108 72 91.054 67 4.89 224.094 17 133.039 39
CPPU C,,H|(CIN;O ESI'/ESI" 6.31 248.058 52 129.021 27 6.31 246.043 96 127.006 85
IBA C,H|3NO, ESI” 5.60 204.101 91 186.091 34 - - -
TIAA CoHyNO, ESI” 4.69 176.070 61 130.065 13 - - -
GA C1oH,,04 ESI - - - 434 345.134 36 143.085 33
SD, CsH4NNaO; ESI - - - 4.84 138.018 63 108.020 58
5-NG C;H4NNaO, EST - - - 4.75 168.030 23 153.005 66
24D CgHyCLO; EST - - - 6.76 218.962 12 160.956 64
4-CPA CgH,ClO; EST - - - 5.92 185.001 1 126.994 52
. 100 _E A - 100 ; B
3 80 3 80
28 ] 2E g
- B - B
g2 9 g2 V7
s ] 5.29 3 2044 6.31 11.17
R L & T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
5§ 8] Time/min 5§ 8] Time/min
A: IEB T Positive mode; B: 415 T3\ Negative mode
B3 ZESZKFERG 2 HEPECFTINESFRE
Fig. 3 Total ion chromatograms of 12 plant growth regulators in blank green tea
&3 12 MMEME AR TIER N ES R AN AR ERE (1=5)
Table 3 Recoveries and RSDs of 12 plant growth regulators (n=5)
W IN7KF Spiked level/(mg/kg)
ST ESIARR 0.01 0.1 0.5
Analyte ESI mode
SRS ES FHR B s 22 S 2lCillies FHS 3 e M 22 g 2lElies FHRS B I 22
Average recovery/% RSD/% Average recoverys/% RSD/% Average recovery/% RSD/%
DA6 ESI" 79 11 73 8.4 80 54
Z-1P ESI'/ ESI 90 53 87 55 89 1.7
7T ESI'/ ESI 70 7.7 61 1.8 76 3.7
6-BAP ESI'/ ESI 82 13 85 7.2 80 2.4
CPPU ESI'/ ESI 121 54 116 10 130 2.1
IBA ESI* 101 5.9 107 6.3 106 4.1
IAA ESI* 125 7.7 127 7.2 106 3.9
GA ESI 103 6.3 119 8.2 109 4.2
SD2 ESI 100 14 102 2.8 107 32
SNG ESI 113 17 104 3.7 107 4.2
2,4-D ESI 89 16 98 5.8 105 8.4
4-CPA ESI” 113 11 109 5.9 116 5.8

90 A, RAAWT TR I LB AT I &, AR A RPALRE P8 TR il ot B HORT [ A EK 0 AR DL
R 4. BHIESEOFE ORI TR] . BF R T RE B 5T Befa s, Horb e B B 7R 0 o R VR 22 T
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Fig. 4 Workflow of the screening of twelve plant growth regulators in tea

F4 FEERFELEK
Table 4 Summary table of screening results
TR BB (1] REgyT THT [F Az 3R A UL ECHE 3 it
Sample No. Retention time/min  Precursor ion, m/z  Fragment ion, m/z Isotopic pattern index/% Conclusion
76 Yes Yes Yes Yes 2,4-TRH % 2,4-D: Positive
48 Yes Yes Yes No RS SR B SD,: Negative
12 Yes Yes No Yes N5k 2,12 B 74 TAA:Negative
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