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Simultaneous Determination of 4 Enniatins in Chinese Herbal Slices by UHPLC-MS/MS

QIAN Min!, LIU Yuwen?, ZHANG Wei', LIU Xiaohua', WANG Yunfei', NI Chengqgian', WANG Junbo'
(1.Zhejiang Chinese Medical University Medical Pieces Co., Limited, Hangzhou 311401, China; 2.Hangzhou Institute for Food and
Drug Control, Hangzhou 310022, China)

ABSTRACT: OBJECTIVE To establish a method for the simultaneous determination of 4 enniatins in Chinese herbal slices
with ultra-high-performance liquid chromatography-tandem mass spectrometry(UHPLC-MS/MS). METHODS Samples were
extracted with 70 % methanol by ultrasound, and the separation of the analytes was carried out on the Agilent Infinity Lab Poroshell
120 SB-Cis column(2.1 mmx100 mm, 2.7 um) using the mobile phase of 2 mmol-L~! ammonium acetate and methanol-acetonitrile
by gradient elution. The detection was performed in the electrospray ionization(ESI) positive mode and multiple reaction monitoring
(MRM) mode, and the matrix-matched calibrations were used to quantify the residue concentrations. RESULTS Satisfactory
recoveries of 4 enniatins at low, medium and high spiked levels were ranged from 92.15% to 118.67%. Good linear relationships
were obtained and the correlation coefficients(r) were=0.999, and the limits of detection and quantification ranged from 0.002 to
0.02 pg-kg ' and from 0.01 to 0.1 pg-kg! respectively. The results showed that 4 enniatins had different degress of pollution on 17
samples. CONCLUSION The proposed method which is applicative for screening 4 kinds of enniatins is simple, rapid and
accurate, and the detection rate is high in Chinese herbal slices.

KEYWORDS: UHPLC-MS/MS; enniatin; Chinese herbal slices
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FfEN frig, IR Aol 8 R 250K R EN (1)
W E BT SR B R R S
1 NBE5HF
1.1 4R

SCIEX Triple Quad™ 4500 % =5 250 AH €015 -
= H PUBAT B AL (SCIEX 232 F]); KQ-500DB
VRGPS R P I A (B L T R P SR A BR A D) 5
ME-204E Hi F K *F (% &= Mettler Toledo) ;
TDZ5-WS E.OHL(K VDA &0 UL SR A R A
F]); Milli-Q #i2lizKA(3E [F Millipore 22 w]); #H1H
AR (ALAR 0.22 um, EIEEALFED ),
1.2 il

ENA Frifi b2 fhdi 5 . MSS1054-1; L5
2J1A04). ENA1 bRl (™ Mg : MSS1055-1;
H 5 . 2J1A04) . ENB Fr & (77 G 5 e
MSS1047-1; L5 : 2J0G28). ENBI A5ifdh (7 i
%' : MSS1056-1; #iL5: 2J1A04)#41 H Pribolab
ONHE], WREEYSN 100 mg LY iR 50 AR AL 17 4
m AP 68 LK, MATFWIIA LKA, Wk 1; H
B (a4l , S Tedia); LNE (A5 40, 22 E Burdick
& Jackson); HR(fhiik4li, 3&[E Anaqua Chemicals
Supply); BEEREZ(IMTEl, | AICHERHE A FR
oswl); ARy Milli-Q 2K .
£1 BREEE

Tab.1 Sample information

B fih ETies i Hi's G ETies
T -1 | dr il 2-1 | i 3-1
1-2 2-2 32
1-3 2-3 3-3
1-4 2-4 3-4
N3 4-1 il S-1 | AR K 6-1
4-2 5-2 6-2
4-3 5-3 6-3
4-4 5-4 6-4
SEN 1| 81 | xaem o-1
7-2 8-2 9.2
7-3 8-3 9-3
7-4 8-4 9-4
it 10-1 | 415 L-1 il s 12-1
10-2 11-2 12-2
10-3 11-3 12-3
10-4 11-4 12-4
e 13-1 | 4 14-1 | Hep 15-1
13-2 14-2 15-2
13-3 14-3 15-3
13-4 14-4 15-4
FEAERAZR  16-1 | Fir) 17-1
16-2 17-2
16-3 17-3
16-4 17-4
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2 FEEER

2.1 @k Bk

211 AEEM WAHEIERSN Agilent Infinity
Lab Poroshell 120 SB-Cis #f (2.1 mmx100 mm ,
2.7 um); FsIAH A 4 2 mmol- L BEFREL (5 0.1%H)
HER), Wizl B AHEL-CE(L 1), RGN
0~0.5 min A 70%A, 0.5~6min & 70%—>5%A,
6~6.1 min 2 5%—70%A, 6.1~8 min 24 70%A; FE
i 40 °C; JFisfTAtE] 2 ming SEFEMRRL S uL; i
¥ 0.4 mL-min',

212 FUSKME B TRSEL: AW R035 psis W
AN EARA, 9psi; BEFILEESS00V; &
TUERE 550 C5 Wi% < 50 psi; HEHIMAT
55 psis B AR 20 HL MBS 55 H B OE B B A
(electrospray ionization positive ion, ESIT); il
o £ )2 W W I (multiple reaction monitoring
MRM). FHCFTIESELE 2.

®2 AMBHREEFNFUENE S K

Tab.2 Parameters by mass spectrometry of 4 enniatins
X7 P Ly 2 4 St des
BEST ERET BT e ES iR E )

ARER

(m/z) (m/z) (m/z) HE/V HE/V
ENA 699.5 210.0 228.1 EST* 80 40
ENAI 685.5 210.1 228.1 ESI* 70 40
ENB 657.6 196.2 640.4 ESI* 80 40
ENBI 671.5 196.0 210.1 ESI* 80 42

2.2 PRI

B 4 Fh EN A3ifidh , 1 70% FEEEC % 1 mg- L
TR A B TAER
2.3 MR A

B 500 g FESL, TR, o =S50, Hay
PArEC 100 g, &M BLAMM RS 2 g, W%
FRE, BT 20mL 70% B, R b B
30 min, 5.0, HCLTEWRGTALUENRE, RIfS
24 JrikEEE
241 LIRMEHE BURE LR EN RS (LTE
TRIE), IR 237 WUF kA, HaE A
PER S [FIBSAERE SR as i “2.27 TR AR
TARRW, HeR 237 TR JrikgiedE, dl4mbrfit
MR . S5 R, R TE T, WA 1~3,
242 LMEGEFELE BORIGE LR ERETEERDN
FEMATEFNCER), % 237 W k&g A
KRV, BB =AY 4 FP ENRAARE TAER, i
RN N 0.01~100 pg L' BYZR 5125 (L ik
PRI, LA 4 o JBLSR 00 1 28 1) MR B I A A ()
W T A AR BR (v) , FEST 4 B EN A RE bR i th 28
LR 3.4 Fh EN 7RO B N R R AT,
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Tab.3 Linear ranges, correlation coefficients, limit of detection and limit of quantification of 4 enniatins

HHHER LGl /pg L (LS HIRFEK Kt B/ g kg ! E PR /pg ke !
ENA 0.01~10 y=1.44x10°x+552.670 0.9999 0.002 0.01
ENAI 0.1~100 »=1.06x10%x+954.193 0.9999 0.02 0.1
ENB 0.01~10 y=4.06x10°x-39.076 0.999 8 0.002 0.01
ENB1 0.01~10 =9.98x10%x+280.120 0.999 8 0.002 0.01
SR EL>0.999, LI HEHY 3 £ e 1k o
IR HIBR S R 10 £ 50 Lo 1l A i
Wi 5 R, R BRI R 0 0.002~ 09
0.02 pg-kg™' A1 0.01~ 0.1 pg-kg™', g 07 }
243 DUESHIEIEAR  WHWEURA SRR # oS |
S UL, SELLIRE 6 L, T RIEHRL, 2R EN I o I |
VAT R A 47 $1<2.50% , KWL 02 | I
A TH] AR AR XS F {Eﬂﬁ%(RSD) 5<2.50% , RINAAS 0.1y 4 Aﬁ‘iﬁw‘ﬂ:«“iw"‘b‘.‘-\/f:rﬂvlﬁ'i%l‘“*“x‘w,x“n“‘%’»‘:\j““”w'»“‘w‘*‘ PEABPA M“‘P"“\“\(,’ﬂ‘”\?M"‘fw'jﬁ’\“w‘/‘\'.““"f}‘\"“5"‘“""”""‘“U”'W‘ W

R
244 FEMRAE KEER “2.37 TN [E—0
TSI Ay 5 55 B BR A Bl S i (DL 3 1 AR
2%), IHE 0, 2, 4, 24h #EE, iCSRIEER,
ZE A FhEBRHI R 20 RSD H 2.26%~4.12%, 3%
B HR A TRTE 24 h NRFER R E .
x10° 3
3.0
2.5
2.0

1.5

5 ¥ /cps

1.0 1

24

3 |

"0.0051.01.52.0253.03.54.04.55.05.56.06.57.07.5
t/min
1 4 BRTEHE MRM & i E
1-ENB; 2-ENBI1; 3-ENAI; 4-ENA,
Fig. 1 MRM chromatograms of 4 enniatins
1-ENB; 2-ENBI1; 3-ENAT1; 4-ENA.

x10* 3
1.6
1.4
1.2
1.0
0.8 l
0.6 I
0.4 5
0.2 |

0

00 0 5050 %
t/min

B2 XA GmAF MRM &3 B (ULE F A R %)
1-ENB; 2-ENBI1; 3-ENAl; 4-ENA,
Fig. 2 MRM chromatograms of matrix blank with standard

(with Nelumbinis Semen as representative)
1-ENB; 2-ENBI1; 3-ENA1; 4-ENA.

5 5 /cps
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0 1.0 2.0 30 40 5.0 6.0 7.0
t/min

E3 E£H=aMRM aigECLETFHRE)
Fig. 3 MRM chromatograms of matrix blank (with
Nelumbinis Semen as representative)

245 BHEMWKEK & 237 WFHEHE 6 5
DI R 5 A5 B IR A (Al S s (LA SE AR
28, EEES T, 45 5 /R 4 Fh EN Y RSD A 1.13%~
3.60%, FKIIEMESERL.

2.4.6 IR DI FEMCERMER, B
% EN 2y P il BURFRRAR R BEAR Y 4 Fh EN
[ B R K 25 fEATRCHD), A BILL 1, 5, 25
7 i FRAE R IR B AT TSRS, 4 #h EN
I [E 2R 92.15%~118.67%, ZEFILE 4,

x4 ERERARLE

Tab. 4 Results of extraction efficiency

HE#HER WM ng kgt FIHEIE/% RSD/%
ENA 0.01 106.53 8.22
0.05 92.15 1.80
0.25 99.32 1.28
ENAI 0.1 118.67 0.88
0.5 97.44 1.09
25 102.89 0.40
ENB 0.01 111.67 6.36
0.05 98.91 131
0.25 102.09 0.49
ENBI 0.01 114.49 9.37
0.05 96.38 2.16
0.25 99.19 1.34

2.5 FESIE
KBS T ERT 17 Rt 68 vk rh 25k
PEATA3 0T, RESHIESE R R 5,
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Tab.5 Determination result of 68 batchs of Chinese herbal slices samples pg-kg!
B Kt B AR BES Kt H AR B K th AR
P ENA ENA1 ENB ENBI1 P ENA ENA1 ENB ENBI1 P ENA ENAIL ENB ENBI1
1-1 - — — - 7-1 - - 0.41 0.63 13-1 — - 0.19 0.89
1-2 - - - - 7-2 - 0.04 0.57 0.65 13-2 - 0.22 0.21 0.94
1-3 - — — - 7-3 - - 0.49 0.65 13-3 19.29 1.43 0.62 4.52
1-4 — - - - 7-4 - 0.04 0.55 0.67 13-4 10.48 0.78 0.45 2.57
2-1 - — 0.20 0.17 8-1 - 2.42 25.71 41.77 14-1 — - 0.21 0.22
2-2 - - 0.15 0.24 8-2 29.24 2.09 49.12 - 14-2 - - 0.36 0.87
2-3 - — 0.07 0.11 8-3 - - 62.71 86.74 14-3 — 0.60 0.51 1.65
2-4 - - 0.12 0.18 8-4 16.52 - 61.51 50.68 14-4 - - 0.45 1.23
3-1 — — 0.39 0.19 9-1 - - 0.06 — 15-1 — 1.04 31.82 35.82
3-2 - - 0.54 0.18 9-2 - - 0.07 - 15-2 - 1.21 25.26 35.51
3-3 — — 0.39 0.20 9-3 - - 0.10 — 15-3 — - 55.21 73.49
3-4 - - 0.45 0.20 9-4 - - 0.08 - 15-4 3.00 1.58 37.13 49.44
4-1 — — 0.06 0.07 10-1 - - 8.12 — 16-1 — 0.05 1.42 1.67
4-2 0.12 - 0.11 0.21 10-2 - - 1.12 1.62 16-2 - - 0.63 0.70
4-3 — — 0.11 0.13 10-3 - 530 101.20 170.41 16-3 — 0.50 4.94 9.89
4-4 - - 0.10 0.18 10-4 - - 46.79 81.56 16-4 1.12 0.30 3.06 5.73
5-1 — — 0.05 0.07 11-1 - - 6.49 3.39 17-1 1.30 4.41 17.16 16.55
5-2 - - 0.10 0.13 11-2 - - 3.62 3.05 17-2 0.82 - 0.07 0.21
5-3 - - 0.62 0.98 11-3 - - 72.30 71.09 17-3 1.05 2.77 11.74 11.47
5-4 - - 0.33 0.51 11-4 - - 34.03 31.58 17-4 1.23 3.80 16.67 15.49
6-1 - - 0.13 0.12 12-1 - 1.02 13.88 23.82
6-2 - 0.04 0.58 0.65 12-2 - 1.66 71.67 72.98
6-3 - - 0.23 0.30 12-3 1.77 0.80 15.53 22.85
6-4 - — 0.42 0.54 12-4 - 1.12 36.11 41.43

e - FoRARAH

Note: “~” meant not detected.

3 it JERHEE, RO A SR B SR . X 4 b

3.1 i sAFRLAL BE 2R 75 G0 (R A HE AN T 2452 1 fil e S 5 A7

i EN FRifEGBEAN 0.2 mg- L' AUARIE
W, VA2 mmol L' BERREL (5 0.1%1 H iR ) Al HH i
G = DYER s, 8 3 v 5 2R A VA T
TS, EIE 7B AT 3T 2 DLk
FIEM R a, e TR, 4
RIAA L T [M-H] & 7, EN JE B9 [M+H] 43 T
BT HEFAE, 7EIE & T F 7 A [M+H] 1
IR, I, YEEE ESTRIRT AZhiig . 1
e AT A, e S S50 “2.1.27
T Fis o
3.2 4 FP EN UK BN

ARPRIFFEET 17 DAFEFAIL 68 k1)
TR A BRI TR, 25 SRR 64 bk h
HRAHAFEEZS BN 54, &N
0.04~170.41 pg-kg', Hrp 8 ALk H 4 F EN 230
Ky, A (%5 10-3)ENB1 Y& & 6 & i) 356
170.41 pg-kg's BHARULX 4 FEERAMEYIZT
250K R R, AR TR IR R SR
PN AEER ARG A R B AT S i
— L TN BE IS B R R R )y ke it 2%
WHE, X RE A 2R R T Gt R A T A A
.2392.
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FEFRAN A 60.1%~87.1%, 43 1 24 BL T 34 %of
e 25 T Re A — e, 2 T 8072 iR
PR E%, PRI IR P 22 1 5 o s o i 4 o AT 2 S A8
PSR, RS BB B RO o

A5 R UHPLC-MS/MS  [m]IsHA6: I H 25 1k
A 4 FESBHERE RS, 2O AR L R
HERR, SONSIEICE R R R RS T ARt
T HERE I E A o A ZE 0T [ P v R T R 1) S A
TR TETS o 25 B [WUE rh 25 0K v 075 e L iE AT
PAAr, AOARSCHRREERT TR LS 2%
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