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Wioridko 3% FEME 1% CROIEERIEIUS, WET Cis 1 PEP-2 b FI PR3 BE ), (Wi X H2 Ut
FIF PEP-2 ek AT T Ak, SR TR S R A i - R T I e . SR EMRABI AT, 23 R
AR TR FIAEAR SCTE B Rk 56 R A (r>0.999), ik EmBRA 0.1~5 png/kg, 7€ 0.01. 0.05. 0.1 mg/kg 3 N
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Determination of 23 kinds of plant growth regulators residues in Auricularia
cornea Ehrenb. by modified QuUEChERS method and ultra performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 23 plant growth regulators in Auricularia
cornea by modified QuEChERS-ultra performance liquid chromatography-tandem mass spectrometry
(UPLS-MS/MS). Methods The samples were extracted with 0.1% acetic acetonitrile solution, then the capacity of
purification and pigment removal of C,;gand PEP-2 were compared. At the same time, the amount of extraction
reagent and PEP-2 purifier was optimized, and samples were detected by UPLC-MS/MS. Results Under the
optimum conditions, 23 plant growth regulators had linear relationships (r>0.999), and the limits of quantitation were
ranged from 0.1 to 5 pg/kg. The recoveries at 3 spiked levels (0.01, 0.05 and 0.1mg/kg) were 82.6%-116.6%, with the
relative standard deviations (RSD) of 0.9%-11.2% (n=6). Conclusion This method is satisfied the demand of the
plant growth regulators residue limits, which can provide technical support for detection of plant growth regulator

residues in edible fungi.
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FEAKH (Auricularia cornea Ehrenb.) &2 —Fl& 3£
HEAZAMEMERE, BA 2 st WzEN
SR E R, REHRC SO SR EBARE A EM T A
R ARMERN, IRV, 6 A AR R 1 R bl A
Py KT, AT B R RCR ), (A A R e K
FHAR A A A R T AR A R, s g,
WS | H A< S5 [ 46 5 A AR A 1 R 5 TR R R 8% B PR (B
FE, WK B R 2k . SR . PUEIEE . SRR
Tk P ey B Rk PR BRAHE A 0.01 mg/kg®™, HAMERHES
SRR R B AR B R A 0.02 mg/kg™®), I )
AR S A B R A AT S BR B

B 17 A A < I8 99 500 T A 3 5 15 % - QUEChERS
(quick, easy, cheap, effective, rugged, safe)i=® '3, {HA /DA FH
T & U R A R T ) R B R A A S R B
QuEChERS 4 FHRYI B FIAT N-NEEL —E(PSA) . 1/
FERELE SN (Crg) . A1 881k 2 (graphitized carbon black,
GCB)%, {HHT PSA Hil GCB 5 WS8Rk ol HAT - Ifi 2%
IR A, e EAE A KT R 258 Cis 1N
300 o B E R R R, 1R 2 47 BUb Bl 3% i i T
QuEChERS ', By REAL IR 20/ — LI 2R (PEP-2) W 51
— TP RUA A, LR TR A NI e AN i iR IR B RE A,
FUA S THATFRIAESH, 7T LR R 2 Hu ek 1L
AP HETZHTAZG5R RN, P R URK m g R 5k
PRSI s, (HIR AR WL PEP-2 11 AW R5 F FAR AL RT
FIIRE ARE o AR SCE R S Cig A PEP-2 H9HERE ST, &3
PEP-2 S R BT, IRIILRERE PEP-2 A R0 A T
ARSI TR, FEX LRI T T b, RS T
HGHER) QUEChER S S8 il A 633 HR 5 I s ) e B AR -
w23 FiEY A RIS I ik O ST Cs i b
L, PEP-2 &b, HABREOEMALTRCRES, HER s,
DA [ e £ P A P AR AR R 5k B iR i

2 MREREE

2.1 X5

Shimadzu 8060 /5 R (0,115 = Fa PUAR AT 5 IR BT 33
{X(H 7 52 7]); Shim-pack XR-ODSIII PKA C,q 54T
(150 mmx2.0 mm, 2.2 pm, HARSHAH); IKA HEIRE
X (FEE IKA A #]); TGL-16LM B0 LR B RHA R

23 FpoRE W AE KT R (A E B >95%, 1E
Dr.Ehrenstorfer A F]); Jo/KBREREE . C15(50 um, fE[E CNW

Bl A F]); PEP-2(40~60 pm, Y AIRAFD); ZIE. H
B (i 4, 35 Fisher Scientific 23 Al).
2.2 FERREIECH

23 TR 4 A A RS R0 43 ) RS RS 1000 mg/L
B At A TR, T A R B > vk B TR 5 b ME T TR,
—4 CCLHAF R RN . LR RIEAFTE 1%L BT
i 2 1 2 T I R B o T AR I R
23 HmuE

FREL 10 gCRERA%] 0.01 o) BARFHS,, BT 50 mL &
DR, HEFINA 10 mL 1%Z B2 Z I, IRHESREL 2 min,
IMAFEBERL(E AT 4 g TOKBRIREEM 1 g FALan), ks8R
BEPRY 1 min, 4XJ5 8000 r/min B5.0» 5 min, WH FEAHL
6 mL T4 50 mg PEP-2 FIE.LAE T, IREIRTS 1 min,
8000 r/min &0 JE BRI, B EHLIRE o
24 HHEEERMG

WA A KRR (& 5 mmol/L ZEREAN 0.1% 1 IR),
WA B MY, JE 0.3 mL/min; JEEEE 5 pL; AR
40 °C ., FBFEVEMLARFF: 0.00~2.00 min, 10%B~50%B;

2.00~6.00 min, 50%B~95%B; 6.00~11.00 min, 95%B;
11.00~11.01 min, 95%B~10%B; 11.01~14.00 min, 10%B.

2.5 FRIERHG

ESTi; 1Ef 7 434; MRM A0, #2 M HLE 4000 V;
FASE )W 3 Limin, FHSES)HE: 10 L/min;
IR ()W 10 Limin; fEESGES)ES 270 kPa,
FE TR 300 °C; DL AR 250 °C; Jn#eif i 400 °C.

3 HER5SH

3.1 FEEHsimk

FEIE G PR, 20500 23 Fi 1 mg/L BRI A K
P RISRUEI W, — IR (Q1 SCANYFIHH, & B+,
TR B U T RBGE, RR SIS T R TN E
PR R, MY AERENRCE 1| AR ST,
P ARl T Bt ARG L e, AH SR B S 5Lk 1.
3.2 BUFIEER

P HESCERPIANAR SC 2.3 W53k, B A I Bl se s, Xtk
T Cg FI PEP-2 X 23 Rt K570 A4 DGR AGEER), 2 Flil
Btk 23 R A KRR R A TE 70%~110%22
If, {HANE 1 AT, PEP-2 MERfHa AR SR, HZe e b
2)A[ i, PEP-2 /LIS ML T-Hud/N, 1] PEP-2 kst
el XHUEREYIN, I, ABFTEEERE A PEP-2 M Akl
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Table 1 Mass spectrum parameters of 23 plant growth regulators

5 lats TR B2 B[] /min BT (m/2) FEF (/) [0z E =AY
1 S-AE AR AR ER B 4.69 (-)168.0 153.2%/123.1 15/14
2 HEER 423 (-)345.1 239.4%/221.4 14/25
3 PORTEERS QUL 4.82 (-)138.0 108.1%/92.1 21/24
4 i i Vi 3.71 (+)216.0 143.1#/100.0 19/17
5 I BRI 4.92 (+)204.2 136.1%/119.1 16/32
6 L L 5.46 (+)204.3 186.1%/130.2 12/27
7 WE A [ 5.35 (92212 102.0%* 15
8 M TE R 5.11 (+)263.1 153.1%/204.1 13/13
9 R EES 4.90 (-)224.2 133.2%/106.1 22/33
10 Einedlis 6.33 (+)339.0 321.0%/80.1 20/31
11 EZ U 6.47 (+)294.0 70.1%/125.0 22/36
12 el g 6.09 (+)253.1 69.1%/207.1 23/12
13 RN R 6.61 (+)214.0 172.0%/154.1 9/17
14 =119 6.00 (+)248.0 129.1%/93.1 17/34
15 L e 6.19 (+)239.0 165.0%/101.9 20/46
16 24-ZHE KRR LR 6.67 (-)219.2 161.1%/125.1 12/26
17 THRIR 6.21 (-)199.1 127.2% 13
18 AR A LR 5.82 (-)185.1 127.1% 14
19 SR 6.90 (+)292.1 70.1%/125.0 23/27
20 i ZE g 6.98 (+)264.2 70.1%/67.1 24/33
21 EE RN 6.48 (+)481.4 95.0%/361.1 28/16
22 SRR 8.40 (-)498.9 127.1%/454.9 23/10
23 BN RN 3 8.04 (-)272.0 160.1%/228.1 19/12

T e
2E+09
— ®#fk — 150mgC,, — 50 mg PEP-2
1.5E+09 |

1E+09 t

50000000 {

A ®) ©

1 AR EHk; B-150 mg C,g; C-50 mg PEP-2,
V1 RIS 16 e ‘ ‘

Fig. Comparison of matrix color after purification of different Pl 2 AT R e A I T 36 4 44 € i ]
adsorbents Fig.2 The full-scan MS chromatogram of different adsorbents

t/min
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3.3 REURATIERER

AR, AT 25 1% LR ZHE 1% 1mol/L
KA NGV E R B BUA R SR IR, ik
H0.01mg/kg. Z5HFE0: 23 R A8 K R 55 570725 iR
3500 82.9% . 84.9%. 80.8%, HI L 1% R MG HREBUSH
BeAf, BT RS RKER A AE RIATA R R . AR |
2,4-D PEHREA R, RIOGE T INA—E J R BT
PRI I B, I HE 1% 2 BRI 1R AR BUR
34 PEP2HIAEMK

4 10, 25, 50, 100, 150, 200 mg PEP-2 fHHE X}
MICR I, 2559 BoR, 4 PEP-2 FHEMILT 50 mg i, 42
RS EETR, BR LA, H%E PEP-2 HEAFH
T, BB R A R T A R R R R, = R R AR
PEP-2 it >l 50 mg B RISk 75%, £ PEP-2 it 200 mg
TSR 45%, 25625 AT S AR B A T i 3 g A4~
N, 454 mMA % &, PEP-2 R 50 mg.

3.5 ERHME
TRORH €38 - E IO 5T 1 A AR AL, AR S

(matrix effect, ME)=(B/A-1)x100%" "SP4 52 ma sk ni, 45
L% 2, AT UL R L BB, 43 Sk B U S R0
Sy AR IR 50 1y Yo I 7 45 SR 5 ), A 5 R S DG i
BREVE BRI 1 5 B 70T o
3.6 EEMRMLMEE

7% GB 5009.1-2017 { & HE & EFinE &&HH
ARG 56 7 5 A ) AIE SR 2 DR o BB A S, A AR
TEAS %5 FE N2tk R A7 R4 R, 23 A 26 K 15 R0 i
FERPRA 0.1~5 pg/kg, L5903 2, BEWE AL N AN BLAT
MR R AEEEOR o DA PR MR PV R R R, RIS A
P it 35 I BB T ) AS [ A 8 VR S A v VA R, A A ke
IO Py e 1A FR 22 T b A o, 3 R B A DG R B A R
W3 2,
3.7 EMEFBEE

SR AR 3 AR IR A (B AR HAR S T
MRS, I AFRFEGFE S BCE 30 min J5, %87 2.3
TR A TATALEE, SR 6 T4, BER&H
Bk A W A R B FORS 5 B, S5-I 3.

R2 23 MEMERCATINZESE. EERMERBN

Table 2 Linear equation, LOQ and matrix effect of 23 plant growth regulators

LA/ (ng/kg) Ltk e MHXREr ERBR/(ug/kg) I SRR
Sl 408 F AR R 1 1~200 Y=9.76x10°X—5.44x10° 0.9998 1 14.9
HRER 5~500 Y=6.26x10°X-2.91x10* 0.9992 5 49.4
oS 2 2Ry 4 0.5~100 Y=6.86x10"X+1.02x10° 0.9995 0.5 243
i B g 0.5~100 Y=2.67%10°X-3.69x10* 0.9996 0.5 -18.3
I T I 0.1~100 Y=2.31x10%X+1.35x10* 0.9999 0.1 -63.1
ng [T R 0.5~100 Y=7.57x10"X—6.84x10° 0.9993 0.5 9.5
IBE TR [ 0.5~100 Y=4.66x10"X-7.75x10* 0.9996 0.5 15.4
W% 12 0.5~100 Y=1.89x10"X-2.20x10? 0.9996 0.5 72.6
R FE NS 0.5~100 Y=7.11x10"X+4.43x10* 0.9996 0.5 -11.7
sl pi 1~200 Y=3.63x10°X-4.41x10° 0.9997 1 22
LR 1~200 Y=1.65x10°X+1.37x10° 0.9998 1 -36.4
el 1~200 Y=8.79x10"X+5.07x10* 0.9996 1 —-40.8
AN R 5~500 Y=7.61x10°X-3.71x10* 0.9995 5 -49.8
SR 0.5~100 Y=1.89x10%X-1.55x10* 0.9994 0.5 -30.7
L 0.5~100 Y=7.26x10°X-2.60x10° 0.9995 0.5 -25.1
2,4-"HERE LR 0.1~100 Y=6.08x10"X-7.54x10° 0.9997 0.1 69.4
TRIR 0.5~100 Y=4.86x10"X+4.33x10° 0.9999 0.5 33.7
XEALE LR 0.5~100 Y=5.23%10"X-5.30x10° 0.9996 0.5 73.0
SRl 0.5~100 Y=7.26x10"X-8.80x10° 0.9997 0.5 -36.5
2 0.5~100 Y=2.70x10°X-6.40x10° 0.9998 0.5 —41.1
ZEERN 5~500 Y=3.89x10°X—4.38x10° 0.9998 5 -19.8
=R R 5~500 Y=9.05%10°X+4.06x10* 0.9996 5 13.6
IR L i 0.1~100 Y=5.83x10%X+6.47x10° 0.9995 0.1 40.6
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Table 3 Recoveries and relative standard deviations of the 23 plant growth regulators in Auricularia cornea (n=6)
o 0.01 mg/kg 0.05 mg/kg 0.1 mg/kg
B &7 RSD/% BN &7 RSD/% B/ % RSD/%
5-ii K48 HH AR OR B 4 104.9 4.7 91.9 3.1 92.6 1.7
FER 96.2 3.5 91.0 42 92.1 438
X i A 1y 100.9 1.3 90.8 2.6 92.2 2.7
ipguidity 108.6 2.4 92.1 43 91.6 5.4
95 IR S 95.0 1.8 84.5 2.7 84.6 3.6
W5k TR 85.4 4.9 82.2 3.1 86.4 33
WBER: e 99.6 3.1 91.4 1.8 94.6 3.0
JIt 75 1R 105.7 2.8 96.6 0.9 99.7 2.7
REIERES 99.4 5.7 85.9 5.3 86.9 6.2
el 103.3 1.7 92.4 2.6 93.4 2.3
EZ 105.0 1.6 92.8 4.2 93.2 2.9
b5 g 102.9 1.7 95.0 2.3 96.6 3.2
AR R 111.4 9.7 98.7 5.3 100.3 5.7
MR 100.3 12 89.8 1.7 91.9 23
g A i 106.2 1.6 95.1 23 95.7 2.1
24-ZHEARELR 105.8 1.0 93.4 2.1 96.6 3.2
IR 104.9 1.8 91.9 4.0 94.8 2.1
MARALR 111.0 2.6 97.6 3.3 100.5 2.1
s K 104.1 1.9 94.7 2.8 96.7 2.3
M ZEme 106.7 1.1 96.9 2.5 97.1 2.8
=HE RN 116.6 11.2 95.3 4.4 98.0 2.8
SRUR R 88.3 4.6 80.6 1.2 84.1 5.6
PR ok i 93.2 2.3 92.0 2.3 99.4 2.0

3.8 EFREEmREVNE

Xk AU AR TR AR 109 (3 BAR AR, MR
A SO AT A KR AT I e, 255 R A 12 A
s A XSS EE IR 4, A S 0.0441~0.207 mg/kg,
K2Rk 11.0%, BRS bR b2 FH B 2 A Il i) PR B
0.03 mg/kg, FREIBESEH 9 52 T By 5% B BR A 0.1 me/ke,
AU B A H o A B R B XU T o

4 &

AR F B 8RB PEP-2 W FfF57I4/E A QUEChERS 3%
W BR R, A I R P R 1 S5SR %-  EOR J  3 A
HESL T BARH R 23 R A 4 8 T 0 A0 PR E I,
ZEAEBIIE BARE AP0 ISR AT T, 5 8 A SCikd

EITEML, BASERCT/N R, AR AR,
AT R G P AR A TR T R S B A PR B2 . ds %
J7 i R B AR A G XSS By i, (A A
7 e [ v P TG £ T PP A BR AR MLE , ORISR
E ST B B PR T P 11 B R P B AR o
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