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Research progress on the determination of plant extracts by liquid
chromatography tandem quadrupole mass spectrometry

WANG Bo, ZHANG Jing, WU Jian-Ping, YAN Feng’

(Shanghai Municipal Supervisory Institute Veeterinary Drugs and Feedstaff, Shanghai 201103, China)

ABSTRACT: In 2020, the state will implement a comprehensive reduction and ban of animal husbandry antibiotics.
Finding substitute for antibiotics is of great importance to the sustainable and stable development of animal husbandry.
Plant extract has become the focus of research due to its antibacterial and antioxidant effects. Accurate determination of
plant extract content is very important. Liquid chromatography tandem quadrupole-mass spectrometry (LC-MS) has
been applied to many industries in recent years as a frontier separation, analysis and detection technology. This paper
reviewed the research on the determination of plant extract content by LC-MS in recent years, in order to provide
technical and theoretical support for the application of plant extract as a substitute antibacterial substance in animal
husbandry and the determination of its usage and dosage, and also to provide reference for the establishment of the
determination standard of plant extract content.

KEY WORDS: liquid chromatography tandem quadrupole-mass spectrometry; plant extracts; substitute for

antibiotics

12 STz, WIS . T RIS, AR PRI
WA AT B, /NSRRI AT B0 T 1 77 Y, R 2t

R PRI 1R FHAE H R A7 1%, R AR ARG WS, | 2020 45 1 A 1 Hil, ERILITH
O TR — RS, HA S R b R, BRI AR . AEHUS, R BRI R LA B R
PRAEXT AR IO (BRI T R AR IR Ve BB B e s A . BT IR N CHRDRHAS

il

@R R, WL, FROW, RO 19 N B R T . B-mail: yan508@163.com
*Corresponding author: YAN Feng, Master, Engineer, Shanghai Municipal Supervisory Institute Veterinary Drugs and Feedstaff, Shanghai
201103, China. E-mail: yan508@163.com



4974 B dn 2 4 R R I A 4R

81

g sh Al St ) R bR EOREE SR ) Ui R fe il
2y 527 FFEYIERIRY), (0 TR P4 ) 4 P e ARSI
IR I LE . B AE(EC)1831/2003 53 ML 1)
PEF) “BRETER R B U B SN, SrAE RS
WERARER NG, 3F 2006 45 1 A 1 HEHE A A1
BRI BT AE RN TR . B A R CAn f
ARSI . AR BT, EJEXT T AR )
PRSI 5 V5 ARAE R WA L o 1 A 38 i B B,
LA I e FR BRI Hh R HAE FIRE, JHG5 E oA
FOOCH % WM & 3% - OB Y R AT BT 3 (liquid
chromatography tandem quadrupole-mass spectrometry,
LC-MSYYE R A AT TR B A, PR A e B e | 2521
HER . RS R SRR IZ N T 2 BT E S A
ALLGRT LC-MS XA e, LUHA
TS BP0 E S e S A

2 LC-MS B AREAHAR

HR B AR HL A 58 23 8 P RE 14 S0 A B2 4
B R ARSI AR A T A, LR . R
5 B — R AR A B e

WO 5 I TR P B R AL S W B, A
AP HT R R R S RS AT N AR
J S A A b, F IR 5T L B T, e g
A5 RSB b Y iR BB A L
TACTE AL B T AE R G B I S A R, 4 IR 4
A0 EEL ) ) FEAE R/ IR HE G i o o D M
e MU A R A Az R,

3 LC-MS JENEREZEZ

3.1 HYE

YR ED AL, BA B E A YIE e, B
B A BURSY, F LAY /N EER . RRECE . A
T2, RIELEA ZFINSER I EE™ . IR
AU NBERR G 4 R B — 2 IR, 2R
i AU L JRR 3 A SRR 3 BRI 1 SRR RS A0 2 LA —
AR 1, T TS AL O o A o P o 3 A A HAT —
FERSRFNEITVE

Wk 1 s, AFIL LA AP 2 R T AN R g Ak
BRk, MRy E A, EARZE, FIREETREUT
VEE B, ALY A Wi R e R I A R AT
ZER R LC-MS BEA R0 E A RIALS R AV, HHY
WAk ZAETEY D, BEE8%, A—-FMEmaEss
JURVEE 2= LR, s —— e ok, A E
A e B 0, WRE BRI sk, H
AT LL3E 3 B R E e LB AR B FEAR T ML, sk
. e, BOKIEA. SFRVER S FHERL Gl A

JBE e B URIE F 12 (), AR B M, & A 28D
FEYITR A o BRI o T EAE YRR 2 A R, BRIk
FE TS B vl 5 OE B R T . IR B
BRERE ) N A, DRI, 2 0 o 0 A, X A
WA IR, WO R SRR Y LC-MS HAR

32 B %

T NARECHEIR, FEMMRA M, ¥ LT asE
AHOT . AS B EHFTFMIEETS, SAEP K,
SR kO IR AUR R, PR,
TERUEAT WA R AE FH, AR RIAF I BT RIS
e B S R 2 CCL2 Bk o e A2 e
Mo 2 FI2 T AR SRR AY BRI 1k A s 45
W LC-MS AR E AR L 5 2s, B2y
MEEH R 2 —, | A TS AL ST T
HOR—Fh o R EOE AT A W 00 T 5 5 55 — 2R TR
(FRRAToC . BeSEs o) E I L & . BT R 284
%, SR, ZHATIRTK, 28, AERAIET 2]
CBRSENT, RERHEREWE AL SRR NG R . ZH0R 5 sk
bk, AR, B A Y, EE ESI T AR Y
FLORY B R 1 s ARk £ s AR IR ) B I sl
IR A RS HIT, X2 SE BRI R R, R SR
WIT7 R | HERA, LC-MS A REH 2 SRk 5K
33 1 H

K i — R AT B SRR R A, B 2Rk
AR, FHEARMEE O, k%, 8U0F . TESE
RV AR 12 0 . B SE PR S R W LR i A 4
A HoA Ry A . eSO A AR
FE B AL B R m X R RPN Rk
T 4 B €A A BR TR LA — e A

Sonmedag 5575 TR0 I o & LA EA T T I E,
2E LB R AR M N 0.07~2.26 mg/kg, M BRAIE
HERY A EASIESK . Napolitano Z B8Nt #1-Hhil IE 2
PEAT THAE, 455260, 2 82 RhulipE iR iy, Horhiesy
IS5 — R BEUE S A7 AE T3 rp o J8 A 5 1yl v L ] e
HEATREIN, 5RFEH, ke iRy 50 ng/mL, [EICRTE
90%7% 47, RSD il L Ei3K .

R SRR AR B 4, NILVER) vz . BIER/ N
BRIz o PR, E AT AR Y 2
RETXIRAPL A S5 m, EHik, MY Heirhe
SR ks fin 700 g 80 B R ke . E i Y AR XA A
A AS I 7 3 22 SR P A (i 102 2 ety | P,
RS A I AT — a2 (1 SR B, 3L Gl A A6 5 45
BRI, H AT 28 BE50R R s n 205 B R £
T A 8 335 0 76 X GRDRE rPORG i E AT v O e, R R
LC-MS 35 AR PPHE s D 2 8K 11



4975

LOW ST TOH YT  9€01~L'S6 s¢ 1S9 (wig ‘wwogIxww 1Y) FAD (M) B BEY%T 0+ HIHE DB pnREy (el
/ / 866~ 66 Lt 1S9 (wrgp ‘ww ogr xwuwt THED WDV h% U0+ MR B h%08 | 0 ﬁwﬁwﬁﬂm ﬁw%ﬂmw [zg]
/ 0CT~01  SO0LAYEr L01 1S4 (i ¢ “wrwr og Txww 177) [ 1D %«M\%MMO%MMWMMM X2 L W el
061~0S  0§~ST  1'001~9°L6 [ Isd (it ] wu pgxuw 7)) e %1 0+82 HICHE S h B R wuiog%  logl
/ / T86~1'96 L0 1S9 (Wi g¢ ‘ww ogIxww 9 ) 3D (U DWMMB %I 0+8(72 MBI FHHIHTY 5% {nH 2 l6z]
/ / L'€01~0'€01 81 1S4 (wm ¢ ‘wwr 0 [ xww 9°')H 81D M%wxﬂm\“%m%wxao W E2%0S EWMM%#MMS Sy [87]
/ / ﬂmw,mwhﬁ 0°ST s (wid gp ‘wweoTxww DTS (/AW %I 0+E(2 Mﬁw@%&%ﬁwmu HIW gy Ll
20°0~10°0 / 0v01~6'6L 0°SI 1S4 (wrf ¢ ‘W oG Txww 9°4) 4 31D %%Sm\m\_w\@aﬁwwm@& 7 %MMMME 4w MWHHRMM% HET0 loz]
oy e skl (aSOTEH D e PCEET e wH g

SINSS[) JUIIIJJIP UI SIPISOIALS JO UOPBUIMLINA( T d[qEL

i CHE bz Eely T

oM, A RO GRS R IR T I E A BRI B W B

/)2

‘0 ~ O T e . _0 . Mg T x . 1 . oa
09~80 81~T0 906 ~0°LL ges 1S4 (w6 ‘ww oo [xww [7)F 30 % 10+ N e %10 NS XA %08 il 6 £y 2 =ik [za]
. . . . e . /M2 TG NS00 15 ¥l [ = 3 Fdi
/ 8I~T1 9¥TI ~9'¥8 / 1S4 (wr ¢z ‘wwr o[ xwwr 0°¢) F 'O [12]
# G % 10+ %10 i XHREEH H%08 (AR HHndkhd I I
€6¢ o€l 0'901 ~ 0'L6 / 184 (wm ¢ ‘ww ogzxww 9'p) [ (/A E 2+ NG %10 oA Y AT i M%%WW loz]
(1/4) (i %80 0~ % R
. ~0 . Hc* x . 1
/ / 9'10T ~9°66 0ss 1S4 (wrl ¢ ‘wwr ggzxww 9° ) F 31D W ot p)+ g2 TR = TR il i T ey N Wy T [61]
(/1)
80~70 / SSI1~6€01 001S 1S9 (wr /'] ‘ww ggxww 1°7)H 81D (% t1%50°0 -7 % HET o EI a0 L | T [81]
7 Toww 7 2)N+H{ 2
/ 0 / 001 1S4 (W ¢ ¢ ‘wwr ggxww [°7)H 31D /) 1o g S B o Y T s L BN AUl [L1]
2+ ENCHRI%T 0 ) et .
(Tw/Suw),  (qw/Su) ) %/(asy) “ ; YO
T EY e o/ %< X [l T kA5 Hilw Hy SPhE i Ty IE 4 H 2 fifk Ec] o

%5 15 3]

SINSSI) JUIIIJJIP UI SPIO[BY[E JO UOHBUIULINI( [ I[qeL

Zfiff CHEB G F ch b7 Hr el T 2%



81

AP A A

4976

R

B oY

0I~1'0  80~10 / 143 1S4 (wrlg ‘wu 0§ Tx Wt 9°4)81) ‘ [H%T k 1y % [29]
NCGi 1 b % 10+l By I E K G Bl W Wi
8¢~80 TI~TO0  €401~9'96 €y ISH+IdV  (wr ¢ ‘wur ggzxwur 9°p) 31 N g GHY% 10+ 19 HEh&2%08 G HN S WHUE [19]
e ent . (wr o I 1 82 A BE L _
/ 0°02~S'T 0501 ~0'88 801 IS4 66 W (6 xWW 9'})[AUSY H{ 28l 1 %20 W DO SEd T I HOE W Wipw B [09]
/ / 086 ¢ 0C Isd (wr ¢ ‘wpg | xww 1°7)81) Gl %10 +H(2 YN (X h ¥ g% [65]
st ] A ) )
/ / L'601~9'66 Lo1 1S9 (wrl ¢ ‘wur oG [xwu ') NCF et BHY 1+ e HEMUE 2 BNk H e H o T Bl [8s]
€0~1'0 S0°0~200 O0+0I~6'LL 0Tl Isd HUY €L H2B H% U0+ N H%T'0  MFNCo 7 2y TG B 9 ch YKy ¥ Wy v [Ls]
/ / 1'96~17'C8 v'E 14 HUD €L W 2%T 0+ %10 WENIOK+@AEY GGy 6 chE 3 [95]
(TwBu)y  (TwBw, %/(dsA) . ) X
MED iy %/ 2z 2 [g] i W5 Hiy Hy ey P Ty A4 H 24 s P
SINSSH) JUIIIJJIP UI PIOR dIUEBZI0 JO UONBUTWLINA( § d[qeL
(i CHE N chH7 7 el v 2
/ VT TT 6'8L EXEf 0zl Isg (wd @7 ‘ww OO xWr 9°p) 1) Gl %10+ Wi 2 %09 BN EMWEEY W [zs]
/ 9ST ¥ 8L 086~006 I's 10dV (wr ¢ ww gz xwu 9°p)81) il W& %08 S MW HH ¥ i [16]
/ 80~+0 ¥I11~0T6 g€l 1S9 (wm ¢ “wrur gggxuwu 9°)3y H % i y = [os]
("2 1y Ell i+ 3 1 %170 B2 %17 ny ST g WS G GiHf
/ / 9'€6~8'06 1 1S4 (w £] ‘ww ggxu 1°7)81) £l 1 %06+4 1 %ST W = TR W R [evl
/ 10 9'68~0°S8 06 184 (¢ ‘wrr OgTxw 178D ¥ %10 0+ th % %1070 W3k B[] - S ] N P [8¥]
(Mo (TwEy . . “ Y
AHED A %/ AhE %SO EH W FE Hily B PR Ty 4 27k fiE<1 e

SINSST) JUIIIJJIP Ul UTUUE], JO UONBUIUNLIdIR( € d[qeL

i CHE FE chifFHrR) €%



%5 15 3]

oM, A RO GRS R IR T I E A BRI B W B 4977

34 B R

B — A Zm 2RI G, HA 1R . 1B SE
FHUA 38 1k A O A8 B W X9 20 M LA — R A 410
HVER . AR R JLAS K R 12 A 28 42 A3,
HA—ZMME R IESESEUNRZH A —ER
AALPE . Wk 3 TR, RGO [ 414U YRR R H R
LC-MS LM TINE, 255 R0y P8 A AN TRl ZH 2L rp iy
VR, MR TIZ, LR o 2, KE R
ek, B, ki . PURfER . SR —RLE
KA A, SRR IR 2, WK, &
FRKZE, SBHEFHM, JLERETLE .. KO8R,
BT 22 it ), HAE IR Al f e S e Ak, ELZER
ZF T AR B, DRI, X S A 40 ARG O PR
WER B . AT M, BRICHE REA 200 B AN [ B4 T Y R
B, T8 R B 2T 500~3000, LC-MS 584> REHE
ME, FE, LC-MS & T4 AR
35 BHERE

AMREOFEATER . 2L . PURMER . 465
%, HEMEERA F AN ZEmE S
SFRRHA —EPUA Y. B EEDIS B R A
—EMIBORREVE T . SR DR B R A — 2
LA AR -

Nk 4 Pz, LC-MS XRRI A MLERHE T 170052,
LEIRRW], LC-MS & A E ARG LU A ML . A+
BEIEEFEORRANR, XEgIRFH—HBr35
SRR 0 A A 2L B, G SR AR rh R e g, A s
A SRS T, BERIRE . TR, AR A LA .
T A =R 2 Tl 5Ok, FE 9 H B8 HLER B 2D 5
T B IRASAEAESS, — AR S B . BN, 55454 ik, Ak
5 Ypnd gl A mEh o T A MLRR (4 F = /N BR
S5 s A L T T 7K, A HLERER U 55 1 F 7K 1 v
Vs A ALV R, T DA — T S R Ak 0 A BILIR U 5, SR
MG E A HLEFIREL AHLRMFRK L, TEKK,
It LC-MS BB AL R AT40 5 | MERAIN A 2R, 38 A4
HHLEE

4 R E

B 2 B R A AT A 16 7K P B SRR iy
ERCAMURRIEAL AT b, 5. £55. shiEsIr
A S (0 | A RS ) A2 %, T 2020 473 [ 7 ol oz
SEATIHT . AEPUWIE RN X — 54 o TERRFraR (A 1Y
4 ] ot 2 PR SR AR Y R e R T, DRI 3 4R BT
BPTAE R AR R MESERI A KA, M
PR B S 2580 e R — sk, (HR LRI, XTsh

M0/, BRSO Tl A7 A — S At A 38 P 182y
FEFRYIBL, X E S Y RE MR . Pl K B
Iy n o FCIE S BRIl B L A b, D,
S E AERPER W B AR, LC-MS iR P
K IR, SEMERR . oM HEAHT R | O VR Y @ AN R
AW AR, TEARRARK —BES AN, LC-MS kiR
T AR IEAT— RGN A, ZIRRMEINY) . ARH
B B R0 R0 A P R L AR R K
PERETR . MERREL S LC-MS 5L A SR P EUY) 2 1l
JEA LB, ARSI A BRI e S S bR R
2%,

S E 3k
[1] T/CCCMHPIE 1. 19-2016 FE#HREAY) % AR B BRI AT R IR
HEFHR)IS]

T/CCCMHPIE 1. 19-2016 Plant extract Grape seed extract (grape seed
oligoprocyanidins) [S].

[2] T/CCCMHPIE 1.30-2018 HI4HREUIH R £ [S].
T/CCCMHPIE 1. 30-2018 Plant extract quercetin [S].

[B] ¥, HF, 7%, 55 NBERHAT YR T ], '
ShRME, 2013, 34(7): 321-325
Zhong CP, Qian Y, Shu C, et al. Research progress in the Bacteriostasis of
berberine and its derivatives [J]. Food Sci, 2013, 34(7): 321-325.

[4] RAARATRAENR 194 F(Z).

Announcement No. 194 of the Ministry of agriculture and rural areas [Z].

[5] XUt fl, Bve, 6. BREAR-S DhRREE 08T i8R S AL L AR5
[, HEL24, 2009, 40(5): 771-774.

Liu Z, Shi Q, Yang Y, et al. Comparative study on antiasthmatic effect
and mechanism of ephedrine and pseudoephedrine [J]. Chin Tradit Herbal
Drugs, 2009, 40(5): 771-774.

[6] Al AKTERHS 658 524 CImkHAs Il A B3t ) [EB].
Announcement No. 658 of the Ministry of agriculture and rural areas List
of feed additives [EB].

[7] M ARFTERES 1773 52045 CiaPkHERLH %) [EB).

Announcement No. 1773 of the Ministry of agriculture and rural areas List
of feed ingredients [EB].

[8] European Commission. No 1831/2003 On additives for use in animal
nutrition [EB].

[9] Maher WA, Krikowa F, Ellwood MJ, et al. Overview of hyphenated
techniques using an ICP-MS detector with an emphasis on extraction
techniques for measurements of metalloids by HPLC-ICP-MS [J].
Microchem J, 2012, 105: 15-31.

[10] Wang L, Wei W, Xia Z, et al. Recent advances in materials for stationary
phases of mixed-mode high—performance liquid chromatography [J].
Trends Anal Chem, 2016: 495-506.

(1] FF2M, IETK, B, 2. w8000 (- s & 45 8 TR BT
PE KT i PR S DI HE D], FREAEA, 2020, (4): 1-14.

Qiao YQ, Zhang LF, Gu RR, et al. Progress in the determination of arsenic
in aquatic products by high performance liquid chromatography
inductively coupled plasma mass spectrometry [J]. Environ Chem, 2020,

(4): 1-14.



4978

B dn 2 4 R R I A 4R

81

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

RTBE, TREZ, TR, 4. RGN iR IR BT s I R e
N ORhBE M f m R AR OB [EB/OL]L. & M Tk BE 4L,
https://kns.cnki.net/KCMS/detail/11.1759.TS.20200408.1617.041.html
Zhang ZG, Zhang AZ, Xing JL, et al. Determination of six Alternaria
toxin residues in Mango by high performance liquid chromatography
spectrometry [EB/OL]. Sci Technol Food Ind,
https://kns.cnki.net/KCMS/detail/11.1759.TS.20200408.1617.041.html
AT G R RIROR (1 ER ST B AR A A SR i v Jre
THEZNO RO 5% AR AR, 2020, 11(5):
1347-1353.

tandem mass

Li JB. Research progress in the detection of patulin in apple products by
high performance liquid chromatography and liquid chromatography
tandem mass spectrometry [J]. J Food Saf Qual, 2020, 11(5): 1347-1353.
BUIRLL, TGN, FFRE, 6. At/ NEERY NBERAN G MERE R LERD]. &
SR, 2019, (3): 1-13.
Boa YH, Zhang JS, Fu Q, et al. Bacteriostatic properties and mechanism
of Berberine [J]. Food Sci, 2019, (3): 1-13.
Y, Mz, TWIE, S BRSO 073 8 B AR i i i
TERBBIFEL]. BEZG2AAGE, 2004, (6): 23-25.
Li ZJ, Yang Y, Ding MY, et al. Study on the separation of Ephedra
components and partial thrombolysis of non ephedrine [J]. Chin Pharm J,
2004, (6): 23-25.
EER, EKA, AW, AF ACFEAAREE G U SRR D
JE[T]. SERBhRlE, 2017, 34(2): 57-61.

Gao XS, Wang YZ, Li L, et al. Research progress of reserpine induced
depressive rodent model [J]. Lab Animal Sci, 2017, 34(2): 57-61.
B, WA, LC-MS/MS J5 i RGN i 3 o /NBER Xy e B2 (0], Ak
25 4R, 2010, 73(8): 757-760.
Li Y, Jiang JD. Rapid determination of Berberine in plasma by
LC-MS/MS [J]. Chem Bull, 2010, 73(8): 757-760.
Wifdt e, skEFy, B, 4 LC-MS/MS [FIFHIAE K BUMSE T 4 Fhigis
AP IY A [T]. SRR T A AR, 2013, 19(13): 174-178.
Chen JL, Zhang YL, Dong Y, et al. Simultaneous determination of four
Coptis alkaloids in rat plasma by LC-MS/MS [J]. Chin J Exp Tradit Med
Formulae, 2013, 19(13): 174-178.
Bk, AR, Wi % LC-MS/MS [RIBHINE Z 4 AUMEE AL 6
FEWBRIT & T]. TP, 2010, 32(4): 597-600.
Zhang XF, Qiu FR, Jiang J, et al. Simultaneous determination of six
alkaloids in Zuojin Wan and Xianglian Wan by LC-MS/MS [J]. Chin
Tradit Patent Med, 2010, 32(4): 597-600.
Bindu S, Rameshkumar KB, Brijesh K, et al. Distribution of reserpine in
Rauvolfia species from India-HPTLC and LC-MS studies [J]. Ind Crops
Prod, 2014, 62: 430-436.
Mudge E, Jones AM, Brown PN, et al. Quantification of pyrrolizidine
alkaloids in North American plants and honey by LC-MS: single
laboratory validation [J]. Food Addit Contam: Part A, 2015, 32(12):
2068-2074.
Simone V, Aaron C, Elkins, et al. A simple LC-MS method for the
quantitation of alkaloids in endophyte—infected perennial ryegrass [J].
Toxins, 2019, 11(11): 649.
SRAAE. VR T EA AR BRI S IR0 1 BB 253697 Sdk0 )
TR R IR RRCR[I]. W RE EE2EE5R, 2019, 28(24): 4501-4502.

Guo XH. Clinical effect of Iyophilized recombinant human brain

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

natriuretic peptide combined with cardiotonic positive inotropic drugs on
patients with acute heart failure [J]. Henan Med Res, 2019, 28(24):
4501-4502.

HES, TS, RIESC, 45 JET SO BRI BT 5/ NG A8 BRIV
FIBFSE]. 25 E i 4, 2020, (3): 443444,

Jiang Q, Luo Y, Zhu ZW, et al. Study on the synergistic effect of baicalin
and berberine on anti-inflammatory [J]. Chin Pharm Bull, 2020, (3):
443-444.

JEULE, BREER, BISEAH, 4. MECHEGE CCL2 BTk il i idm:
T R ILHLHI[T]. P E 2534, 2020, (3): 372-379.

Long JY, Chen JM, Liao YJ, et al. Naringin improves learning and
memory impairment induced by CCL2 in rats and its mechanism [J]. Chin
Pharm Bull, 2020, (3): 372-379.

SEIKAK, 00, THRI, 4. LC-MS/MS [RIIHIN G KT M2 AR AE T
L AR Kt e IR A AURR 1T e BE[D]. o I R 32 IR 72,
2014, 19(10): 1126-1131.

Cai YY, Gu Y, Wang XG, et al. Simultaneous determination of geniposide,
geniposide and gentiopinoside in dried dog plasma by LC-MS/MS [J].
Chin J Clin Pharm Therap, 2014, 19(10): 1126-1131.

Lv TT, Ju C, Liu B, et al. Determination of orcinolglucoside by LC-MS in
Curculigoorchioides and its application to a pharmacokinetic study [J].
Revista Brasilra de Farmacognosia, 2019, 29(6): 744-748.

WSS, BRI, R, F LC-MS/MS JERISHIENE TH 3 Ferks
PR IEA1% BR (D). 252 SRR AR, 2019, 37(1): 19-22.

Chang RR, Chen WD, Zhou TT. Simultaneous determination of three
iridoid glycosides in Gardenia jasminoides Ellis by LC-MS/MS [J]. J
Pharm Pract, 2019, 37(1): 19-22.

XA, XIFAE, AL, LC-MS/MS 305 B Ai# i AL AT 0]
VG225, 2020, (1): 1-3.

Liu H, Liu YZ, Yu ML. Determination of echinoside in Peucedanum by
LC-MS/MS [J]. West China J Pharm Sci, 2020, (1): 1-3.

JeFHFE, A, TR, 5 LC-MS/MS [RIEHINE #5511 AiRii 6 Fif
AR S [T]. PP FH 25, 2019, 36(23): 2899-2902.
Zhang DD, Dong JJ, Yu HB, et al. Simultaneous determination of six
chemical components in Lanqin oral liquid by LC-MS/MS [J]. Chin J
Mod Appl Pharm, 2019, 36(23): 2899-2902.

A, R, TR 4. LC-MS/MS W IR . JHFZHS R iR ATBk
FI]. ¥EBE2AIRGER, 2018, 34(6): 585-589.

Zhai JX, Yan H, Shen M, et al. Determination of oleagin in blood and liver
by LC-MS/MS [J]. J Forensic Med, 2018, 34(6): 585-589.

JREFEIR. LC-MS M & A T b 3 FE Mo i B 0]. S
P2Y, 2018, 42(11): 1396-1397.

Xiong three  active
HuangqiGuizhiWuwu Decoction by LC-MS [J]. Guizhou Med J, 2018,
42(11): 1396-1397.

DQ. Determination of components  in

Yang L, Yan Q, Yu J, et al. Simultaneous determination baicalin and
forsythin in Shuanghuanglian oral liquid by HPLC/DAD and LC-ESI-MS
[J]. J Chin Chem Soc, 2013, 60(8): 1050-1054.

#AE, ML, FIEYL, 5. IR S R B 2 A B HAT
FURTERERFFE ). LT, 2020, (5): 1-8.

Dong F, Tian YH, Zhou XK, et al. Composition analysis and antioxidant
activity of essential oil from kumquat essential oil and kumquat oil [J].

Appl Chem Ind, 2020, (5): 1-8.



%5 15 3]

oM, A RO GRS R IR T I E A BRI B W B

4979

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

WA, FRK, A, SF RPN SRR 58 ik
ST A I ERE . R ST T RS R R ). S SR
1k, 2020, (3): 1-11.

Yang JP, Wang XX, Li XF, et al. Effects of compound plant essential oil
added to diet on performance, egg quality and intestinal microflora
structure of 58 week old Hailan brown shell layer [J]. Chin J Anim Nutr,
2020, (3): 1-11.

1, 1, e, S AORPREI A A2 A B A R [T]
Hbr AR K224k, 2019, 54(5): 17-24.

Niu B, Wang L, Liang JP, et al. Chemical components of tea essential oil
and its bacteriostatic effect [J]. J Gansu Agric Univ, 2019, 54(5): 17-24.

PHIF,

Sonmezdag AS, Kelebek H, Selli S, et al. Pistachio oil (Pistaciavera L. cv.

Uzun): characterization of key odorants in a representative aromatic
extract by GC-MS-olfactometry and phenolic profile by LC-ESI-MS/MS
[J]. Food Chem, 2018, 240: 24-31.
Napolitano A, Cerulli A, Pizza C, et al. Multi—class polar lipid profiling in
fresh and roasted hazelnut (Corylusavellana cultivar “Tonda di Giffoni™)
by LC-ESI/LTQ Orbitrap/MS/MSn [J]. Food Chem, 2018: 125-135.
JAIFETE. LC/MS/MS 5 P S I b VA o (I B (D). o I R 244
B, 2012, 10(23): 115-117.
Zhou XL. Determination of cholesterol in gutter oil by LC/MS/MS [J].
Guid China Med, 2012, 10(23): 115-117.

25, BICF, XEY, & TS @B T AR
FIHE YRR I]. B REE, 2015, 36(18): 167-171.
Yu H, Ma WP, Liu YP, et al. Analysis of volatile components in the
essential oil of peony flowers by headspace gas chromatography—mass

spectrometry [J]. Food Sci, 2015, 36(18): 167-171.

Ef, WEE, R, SF. WA DB RSO - T A 2
AN [5) 7 5 A 0 B 2 B A O U PR 0], AR, 2017,

38(12): 131-136.

Wang J, Cao XS, Song L, et al. Analysis of essential oil components and
antimicrobial activity of camphor leaves from different areas by purge and
trap thermal desorption gas chromatography—mass spectrometry [J]. Food
Sci, 2017, 38(12): 131-136.

Madhumita M, Guha P, Nag A, et al. Extraction of betel leaves (Piper
betle L.) essential oil and its bio—actives identification: Process
optimization, GC-MS analysis and anti-microbial activity [J]. Ind Crops
Prod, 2019, 138: 111, 578.

IMUMG, 6303, FBINER, &5, HRS AR WA T8 e K Mg
AL RERI S T]. PR 2018, (10): 47-51.

Sun DP, Guo WJ, Zheng CS, et al. Effects of essential oil on growth
performance and immune function of Weaned piglets [J]. China Feed,
2018, (10): 47-51.

FEER. 2GRS 2 B FIERT ). TR BEZ5RLE, 2011, 1(16):
27,33.

Du GC. Study on the pharmacological action of tannins in traditional
Chinese medicine [J]. China Med Pharm, 2011, 1(16): 27, 33.
WRIEDE, KRR, SR, S5, R B O Ao B 0 i (2 5%
T ARIFSE [T, SERZEY 5K, 2020, (2): 117-121.

Pan ZB, Zhang HT, Cai HR, et al. Effect of pomegranate tannin on

L1522

invasion and metastasis of prostate cancer cells [J]. Pract Pharm Clin
Remed, 2020, (2): 117-121.

ERIY, WY, &2, % PUIRERSILAER UREDL SRR A

[47]

(48]

[49]

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[571 X

(58]

VR iRk, 2020, (3): 1-10.

Wang ST, Zhang T, Jin M, et al. Synergistic inhibitory effect of oxytocin
and catechin on Sreptococcus mutans [J]. Food Sci, 2020, (3): 1-10.
EEE, flts, P, % K2 2 EmAD S/ BLLLA i KT
AR5 (S U], v LBl 24T, 2020, (4): 1-8.

Wang XR, Huang BJ, Li X, et al. Antagonistic effect of tea polyphenols
on red blood cells and liver damage in mice exposed to cadmium (II) [J]. J
Chin Inst Food Sci Technol, 2020, (4): 1-8.

R, XM, W15, % HPLC-MS/MS LI A3 T LA Bh i
WP kg [J]. T EHT2A4AR, 2019, 28(17): 2120-2125.

Li TF, Liu XM, Hu L, et al. Establishment of HPLC-MS / MS method for
the determination of catecholamine in human plasma [J]. Chin J New
Drugs, 2019, 28(17): 2120-2125.

XA, PVECL, WERRRE, 45, LC-MS/MS [l s ] o A o ol i
B. HMITOINAT E RS2 A & B se 0], S Aol R,
2017, 46(4): 7-13.

Liu J, Sun CZ, Yao CC, et al. Simultaneous determination of acanthoside
B, e and flavonoids secondary metabolites in Acanthopanaxsenticosus
roots by LC-MS/MS [J]. J Jilin Forestry Sci Technol, 2017, 46(4): 7-13.
MRIGEE, BT, SR, 45 PSR S MRS e R UMLK
B LC-MS/MS Z-H7[J]. H I SEE 5 7% 4435, 2015, 21(8): 93-96.

Lin XF, Lin L, Zhang Y, et al. LC-MS / MS analysis of five phenolic
acids in Salvia miltiorrhiza extract in rat plasma [J]. Chin J Exp Tradit
Med Formula, 2015, 21(8): 93-96.

Chang C, Wu R. Quantification of (+)—catechin and (—)-epicatechin in
coconut water by LC-MS [J]. Food Chem, 2011, 126(2): 710-717.

Zhang Q, Wang W, Li J, et al. Simultaneous determination of catechin,
epicatechin and epicatechingallate in rat plasma by LC-ESI-MS/MS for
pharmacokinetic
songaricum extract [J]. J Chromatogr B, 2012, 880(1): 168-171.

P, EIE, Frahh, 45 FRUCMERR 2 R AL TS ME S 7L
T ERELT]. ZEMJLW?#&, 2020, (5): 1-11.

Li Y, Yan SC, Qi BK, et al. Antioxidant activity and emulsifying property

studies after oral administration of Cynomorium

of black kidney bean protein modified by chlorogenic acid [J]. Transact
Chin Soc Agric Mach, 2020, (5): 1-11.
W7, HERBUREEERT]. PEBCHZ, 2020, (4): 1-16.
Yang XW. Antiviral effect of glycyrrhizicacid [J]. Mod Chin Med, 2020,
(4): 1-16.
sk, g, EE, IR BURIMAR B AR i P13 A 1

REMA[T]. tpE B2, 2020, 3): 1-8.
Zhang TT, Pu YF, Wang L, et al. Effect of kojic acid, ascorbic acid and
citric acid on browning of fresh cut apple [J]. J Chin Inst Food Sci Technol,
2020, (3): 1-8.
o, AR, AT2EM, 4%, LC-MSn HARN E R B hI R S HLER
JEN 1], AR, 2018, 6(2): 1-7.
Zheng LF, Xu SR, Ren YB, et al. Determination of organic acids in
Guanxi honey pomelo fruit by LC-MSn [J]. Southeast Hortic, 2018,
6(2): 1-7.

X, ke, TREE, 45 LC-MS il PFRE h A HLURR[T]. &
i lk, 2016, 37(5): 283-287.
Liu XX, Zhang H, Zhang ZF, et al. Determination of organic acids in four
fruits and vegetables by LC-MS [J]. Food Ind, 2016, 37(5): 283-287.
TSRS, ZETIRE, SRBPH, . LC-MS/MS 7 [RIB g K Rt v H



4980 B dn 2 4 R R I A 4R ETRNES

FRATH R R[], 2525 5IRIRIISE, 2013, 21(2): 146-149. fruit using LC-ESI-MS [J]. Food Chem, 2016, 192: 268-273.
An XX, Jiang LQ, Zhang HY, et al. Simultaneous determination of ( ﬁ ’f:T: é’,ﬁ; ifii I ﬁ)"{ )

glycyrrhizic acid and glycyrrhetinic acid in rat plasma by LC-MS/MS [J].
Pharm Clin Res, 2013, 21(2): 146-149.

[59] SKAAH, B, XHEE, 4. LC-MS/MS [RIEHIE A7 5 Fh PN
R SR T]. B EEE 2, 2016, 27(3): 561-563. =] 71
Zhang LJ, Yang M, Liu JY, et al. Simultaneous determination of five
components in water extract of sangxing Decoction by LC-MS/MS [J].
Lishizhen Med Materia Med Res, 2016, 27(3): 561-563.

[60] ]Fiori J, Amadesi E, Fanelli F, et al. Cellular and mitochondrial

T O BEERE, TERRAE
HEHRETW.

E-mail: wangbo1839@sina.com
determination of low molecular mass organic acids by LC-MS/MS [J]. J

Pharm Biomed Anal, 2018: 33-38.

[61] Wang X, Wei F, Wei Z, et al. Homogenate—assisted negative—pressure
cavitation extraction for determination of organic acids and flavonoids in 5~ ™ R, mt, EHE, EEZERRAE
& HE IR o
honeysuckle (Lonicera japonica Thunb. ) by LC-MS/MS [J]. Separ @ HELKE A

s E-mail: yan508@163.com
Purific Technol, 2014, 135: 80-87.

[62] Sandinespana P, Mateomiranda MM, Lopezgoti C, et al. Development of

a rapid and direct method for the determination of organic acids in peach

RY AR AY A oY oY Ry AR RY RY Y AY oY oY oY Y Ry Y AR AY HY oY oY oY) Y ARY ARY A AY oY oY Y oY Y ARY AR A oY oY oY oY Y RY Y AY oY oY )

“RIFMERMEY” TRAERE

T PRI S 5 0 o 48 2 T A A 1845 B A 5 5 (475 A W i D ) A5 8005 TR BT i i ) s - 3
ok, M EEMEUR YIS R EY SRRSO T R BRI, BRI BOR AR T R B E SN
& T NFARFER LS8 To BIRMEBR I SO0 5 Ja & 2P0 A AT 91, & ST 5 b 5 i A S
[R]85

KT, ATPRERBREBURMAEY M, W I TR E R HA T L 8 g, FEFSNE
BHEBRHMEYHERERNEAR . SFEEBURHEDNSE SN . BREESURMAEYNE ) S5tk
BIEHBURRE Y XA . B TRTEBOR A W R B 5 XU 5 S5 SR T IR IR METY . AL BTRITE 2020
A 12 A ETH R A ERHRZ L, 2019 AR RISZIT A - 1.201),

YT AL IR & R A MR R I 2E ARG, ERRKTEAR B L 8 403 KA B %
WAL BRI, 2hk . IFFRIR S0, BRI ], DUWHE— PR TR &8 AR B Fsm ) . 3
£ 2020 4F 10 A 10 H AT R Email £055 . A TR s AN E 2 5 RS S 4% 5 ek &

[Fi) o J 37 R AT A ) h 22 [E)  he— 1, PR AR A M S !

et =

355 - www.chinafoodj.com(7F: B “B IRPEBUR A 97> % 1)

E-mail: jfoodsq@126.com({F B “E IR M BUR A Y &)

(RS2 EANFIRY %3



