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Determination of 7 kinds of Monascus pigments in food by high performance
liquid chromatography-tandem mass spectrometry

ZHANG Rui’, GUO Shu-Gang, ZHANG Chun-Ping, XIONG Hui-Xia, XUE Hong-Bo

(Shanxi Provincial Center for Disease Control and Prevention, Taiyuan 030000, China)

ABSTRACT: Objective To establish a method for the determination of 7 kinds of Monascus pigments in food by
solid phase extraction-high performance liquid chromatography-tandem mass spectrometry. Methods The samples
were extracted by acetonitrile, purified by Oasis PRIME HLB solid phase extraction column (200 mg, 6 cc), separated
by Waters ACQUITY UPLC BEH C,g (100 mmx2.1 mm, 1.7 pm) column, and detected by high performance liquid
chromatography tandem mass spectrometer, and quantified by matrix matching external standard method. The
recovery rates of red yeast pigment in 7 kinds of matrices such as soy products, pastries, yogurt, fermented bean curd,
cooked meat, beverages, and sausages was examined. Results In the validation, the recoveries of rubropunctamine,
Monascus amine, monascin, rubropunctation, ankaflavin, monascorubrin and Monascus red in 7 kinds of matrices were
73.9%-112.1%, 70.1%-92.6%, 72.4%-103.4%, 73.8%-93.5%, 73.4%-113.3%, 71.6%—-105.7%, 75.0%—112.1%,

respectively, the relative standard deviations of 7 kinds of pigments were 0.2%—-15.7%. The limits of detection of
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ankaflavin was 3.0 pg/kg, and the limit of detection of the other 6 kinds of pigments was 1.0 pg/kg. Conclusion The

method is simple, rapid, sensitive, accurate and precise, and can be used to detect 7 kinds of monascus pigments in

different substrates.

KEY WORDS: Monascus pigments; high performance liquid chromatography-tandem mass spectrometry; food

additives
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2 g Bdh, A 10 mL ZJERBERS], HFEHEE 1S min,
8000 r/min #.(> 5 min, HX 3 mL 3% 3d Oasis PRIME HLB
SPE, WrARUEWE, B 1 mL AN 1 mL /KFRRE, & 0.22 pm U
&, fit UPLC-MS/MS 43# .

122 #&AaEH

{4341 Waters ACQUITY UPLC BEH C#:(100 mmx
2.1 mm, 1.7 um); #zhAl: A HIh 0.02%H ER/K, B Hh
0.02%H R Z. )1 ; #6EFRF: 0~1.0 min, 20% A; 1.0~5.0 min,
20%~90% A; 9.0~9.1 min, 90%~20% A; 9.1~12.0 min, 20%
A; FEIE: 40 °C; SERRRBL: 4 puL; i 0.2 mL/mim,
123 F#&Ht

BRI H BT 55 HY B (electrospray ionization, ESI)
B F R, £ W W (multiple reaction monitoring,
MRM); ZALS & 3 L/min; IV E: 10 L/min; T
PSR 10 L/ming B 300 °C; DL iR JE: 250 °C;
TR : 400 °C; g4 MHSNE 1.

1.3 #HiEAE
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xz1 FRESH
Table 1 MS parameters
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I 3103° -12 17 -16
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WELME 3540 o5 24 18
aww s 2% L b
N 215.2° -10 25 21
4
flis 389 S0 g 19 25
dEE 359 0t 0 5 o
. 215.0° -14 25 -10
T
PLMER 3869 505 pg 21 23
amiFaE o LN b o
alieE 389 Ton 2 B

e AR T

212 &L R

2L h SR R E 3, 78 Cig ilH: EIA 5y
{#58, &M Waters ACQUITY UPLC BEH C5 {A3£41:(100 mmx
2.1 mm, 1.7 pm), BABEEVERA R, S A 0HE B
TR HERIRE . 2L AR G T | LI S5A HLE ),
JEiE AT R IR 3 F ALK, ARFITRBUK-2 1 . HRK-
NGV SRR -F R G 3 Fhim shAl, 25 RRUIR FHH
K-HR IR R, 7 FbA PR fem, HsFFEEH
HRBCR I E o B R TR A BT R IE B A,
B BRA B TSP 3 b o STEs I B iR Y i Ttk —
Fmthl, SR ERREINHES 0.01%. 0.02%. 0.05%.
0.10%.0.20%, X} 10 ng/mL {RA FRUED AT o3BT, 455
FH 0.02%H BR7K-0.02%F R LI i sh AR Rk, 7 F
b A e 1 e . RIEARAHFFE DL 0.02% iR 7K -0.02% 1 iR
IERTBIAHSEA TR VR, 438 10 ng/mL IR AHRIEY
Ji, LA 1,

AN AR
l AN ETAR 3

L LIMHE
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]\ arih %

AR

K AN EAN 13
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1 1 1 J
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Fig.1 Total ion chromatogram diagram of 7 kinds of
compounds (10 ng/mL)
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FEUAR ] 2 -7K(90:10, V27, FRDAHIE . AT BB
L. L WE-7K(80:20) . L BE-7K(50:50). ZE . ZE-k
(80:20). ZMi-7K(50:50) 6 F ik 2 MIRBUA T, *FIAMER 4
HE 0.1 mg/kg IFRFESEIEATHEE . R AHEFE S g & &
2, i Z - K (50:50)F1 2 i - 7K (50:50) A 2 B35 B
ISR FIEBOR B2, $REUGE, i 2 BE-7K(80:20)F
G -7K (80:20) A R I, AR TE TARBUK 12, #BUK
VA T, NG . CREERERES, ARV TR BOR T T,
PLIR s . R 8000 r/min ¥4 ES0> 10 min DA 5 mL
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F20%, FKEHR 20% MR R, 7 P2 6 R Yy
INTF 50%. SRS KIRIUA R, — 22 iR I R,
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ME), S0 TR I, LEEARET 7 Fherph R m
B REIRF] 60%~80%, LJIEHEITREISF] 70%~90%,
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Fig.2 Extraction effects of 7 kinds of pigment under different
extraction solvent
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A 10 mL ZJEERMFATHRI, RAWGE . BRI R
FAREL10 min, 0B ER, MUK L1 (VR 110.22 um
PTFE VB HERE G4 o 45 R, $RHOT R BRCR 5%
W/ o SR AR P SR IBORE F, BRIES R 450k 10, 15 F0
20 min, 45530, FREUAT XTSRRI 0 INAR D S AT 5
Wel o 3G Y SEA SR I B AG F T R m R BUECR, (Hid Z ek
FRECT ], 0Py OGRS BRI, X2 B T B R A R
S PR RN IEPE AR BRI H, 24 TR i B F
bk, 307 Phar (= 0y R AU S HER AT AR
Hit, #5E 15 min Ry fEa 3B
223 HAAEA AL

BB R A K29, #EILT Oasis PRIME HLB
(500 mg, 6 cc). Sep-Pak C;3 (500 mg, 6 cc). Captiva
EMR-Lipid (600 mg, 6 cc) SPE, X 3 Fift SPE %2 [ hh Z4
JEA BT EBRBCR, 10 ng/mL Z AR iR BT 3 Fh
R R L S A R = LB WE X oy 2 W I LB X 2
X7 R i E AT 90% LA ISR . i BRI 5 gk X
ZLh R IR A bR R B2 10 ng/mL Y25 TR A HERE
b AT R, 3 Flide b kR BY 810k 2R 5 AR X b o e 22
(relative standard deviation, RSD) Ul & 2 . Captiva
EMR-Lipid LA 20 #2000 2058 23 M 2r ih B 20 K 5 [l
RIS, W6 20 R R , Hir 3 R 3R SR AE
70%~120%, PRiME HLB Al Sep-Pak C3 SPE X & 4= HEFE
w7 B2 A 2R mHIBCRAE 70%~120%

TS T FLA A P RE &, W0 0.1 mg/kg ARifEWI T,
CIEAIEIRE 15 min, B 5 mL $2HUfd Oasis PRIME
HLB #1 Sep-Pak C,s Bi#l SPE, ALKk 1:1 (V:VyFs ke
J&, i3 0.22 pm PTFE UEBEUERE A4, PIAN 5T A 7 B2 ffy
@RI ECR S RSDs W3 3. JEFLFES A Sep-Pak Cjq
HAb IS R AE 62.9%~99.9%, Oasis PRIME HLB ik J5
[l A 65.0%~115.0%; FARFET Sep-Pak Cyq b5 1]
BCRTE 56.5%~144.7%, Oasis PRIME HLB ¥4k [BICRTE
62.2%~126.0%, T F G AL AE X RE 5 00 A0 SR BN BRAR
{H Oasis PRIME HLB §#+bECRIEIL T Sep-Pak C s if+LAT,
20 % Oasis PRIME HLB #HbAl . B T X FEAEE
ML 2, ATRESE ME BIS R I R 22

F2 3 MRHERMARE SIS R (%)

Table 2 Results of spike recovery experiments for the 3 kinds of purification columns (%)

LT EANEAN NS AR7 LIMR EANESA % AN EA R
NGt
ElR RSDs EIHE RSDs [ RSDs  [lf%  RSDs [t RSDs [l RSDs IR RSDs
OusPRME 939 24 983 29 993 33 798 40 1057 44 898 36 T8 09
Sep-PakCiy 715 37 703 30 972 19 89 35 1011 3.1 953 30 909 22
Captiva —pg3 23 598 27 893 15 282 2.6 85.3 25 30.1 L1 1002 34

EMR-Lipid
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Table 3 Results of spike recovery experiments for the 2 kinds of purification columns (%)
AN EAN LI EANE FAE AR ES iR LIMELLR ANI[ITAR 3
e SPE Ht:
M RSDs [l RSDs [ RSDs [l RSDs Ml RSDs [l RSDs [ RSDs
Sep-Pak Cg 94.4 5.7 99.9 4.6 97.6 3.1 62.9 22 78.9 0.9 63.1 72 92.3 1.8
3L
Oasis PRIME HLB  102.8 31 93.1 0.3 115.0 29 65.0 6.1 95.2 2.1 87.0 39 107.8 1.1
Sep-Pak Cg 144.7 2.0 65.8 1.8 97.2 5.5 56.5 4.8 829 2.7 829 2.6 80.6 44
AR
Oasis PRIME HLB  126.0 1.3 90.0 42 119.0 3.1 62.2 35 114.1 34 79.0 1.7 109.7 25

23 EFEMN

WP 7 FBIPEARE R (A HE . TEEL. BN R
Wy, kAL RT ORI I RE L, % 1.2.1 Jridab B, 3RS
2SR, LS (IR PR B AR IR, 1R 20 -
K (50:50, V:V)FI RS EC B AR A WOT R T 40T, VR
R TRV {356 55X 128 00 400 ) 7 (R A B2 0 R FH NATALIA %580
B ME PR 53, PEARAS R Sl S5 J0O6] 7o 00 4 i o
HISEI . ME A A ME/%=[EEBUCEAR D 2k g5/
FERAMERZE AR -1]% 100%, 24 ME NIEERF, NIHR
RN, 24 ME R SfERS, IR . LAMER>50%
SRR AL, 20%<|ME|<50% A H 45 5L RN, [ME[<20%
S FFFEE AN AE AP AR . i 3 AT L HERE o 5
T, HAy 6 FhEEM B ME B .

X7 FPEE b AR IR B B (bR v B 20 pg/ke),
FEFBRUE I LA i Szl 5 &, RIS ELCR, 45
WE 4A Pin, ZAHRERS B EGEEIE 77.8%~105.7%,

A 180 .75%@ " B
o Z 21k
Agm§ “ M
AR L2
150 | & 2[R . A
I ELR <
FANIEAR S
g . : ¢ 2
S L o
§ 120 ) : 2 A . %T
= o ; § P |
90 | 1 b . ° =
| 3 < ©
v [ ]
60 - M v
ZRHE R BUA RRYT O RLE R

NG

JEFL 65.3%~115.4%, HAvHE ARG T84 FF 4 Rl 2% 81
A, AR T 120%, A8 IH AR T SR RN o SR
S5t DE R vHE 2R IR 5 25 RT3, iR g 1 an
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Fig.3 Matrix effects of different sample
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Fig.4 Effects of matrix effects on the extraction recovery of different sample
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Bl 4B BN, SR TIDCEC B br o R 2645 1E 2 05 1 [l e 3
BB, #AeAH IR 70%~120%Z 1], 20
FE R FH 2 T DU IR A bR i 2k 2 e
24 FHEFWIE
241 ZKMETEEAEHIR

AR E M Z 44T, B2 E-7K (50:50,
VB 7 FAE Y TR EE S 1. 2. 5. 10, 20, 50,
100 ng/mL FRUEFR YIS, Lhbm v 1R 5T 5k B o i A b
(X, ng/mL), W FL(Y) A AL bR AR HE M 2k, 7 Fhar il
BRLE T MR (). KMIEEINE 4, 7 FfF
T 245 9y %) o o o A 1k 3 TR 38 LA R R 2tk 6
Z, HXEBOB KT 0.999. #IE GB/T 27417—2017
CHEMPEE bW ki A # ) #5E, L
ME 5 3 AR il 35 5 R v, 7 Fh A 00 25 4 D155 Mk L 925 7
E A BR (limit of detection, LOD) Al % & [R (limit of
quantitation, LOQ), 7 #2454 LODs & 1.0~3.0 pg/kg,
LOQs # 3.0~10.0 pg/kg. FHIZIT RN E T, Lk
RO, i RRAL, REBUES.
242 REHERAEEE

HE T MR (EAHE. JEIL. B, PR, REA.
ST PORFRIE 0 ) inbs TS A FIAR 25 B2 o BREC 2 g 25 L RR A,
S AEIAE(10 pg/kg) . H1(20 png/kg) . Hi (80 pg/kg) vk & 7K

FIRARUES, TRRERIRAIE, % 1.2.1 35 ik A B &,
BAFERELZWE 6 K, T 70T i A1 RSD.
g5 R 5, 7 BRI T RO LR o bR g 3R
73.9%~112.1%, £LHI£0RE A I 70.1%~92.6%, 211
OB B R 72.4%~103.4%, L0 BE R B gk R
73.8%~93.5%, £LHH R EIRE 73.4%~113.3%, L
ELLE W AR 71.6%~105.7%, 2120 % i1 5] i %
75.0%~112.1%, 7 Fi 4 Z i RSDs N 0.2%~15.7%. W%
FUAGE R, WY
2,43 ey

SKF UPLC-MS/MS il 20 )3k 5 (385, 15
By A L 10 Iy Sl dh L S BYERYS LI 5 Oy kLR 7 el
R, LIRERRY, Gl BRIk 7 FiEaE
BiRAa i, AR BRI AR s A s 3 e R, 4
FEMIIMH 5 A 3R, S RILEE 6. MR BULRE
R AT B E R, IR R, B R
PR it PR 3 ] R T A S R, L v I A
5 ALl e 2l A R AE R T IR IR TR TR 4
[k, T GB 2760—2014 FUXTLT i 28 DL K 21 il # 22450 T35
SRLE, SEMaERnPHMameENRAEHERE
A ALE, XSChER R MR E L Rl RaRET
35 FHYE DL R A R A, (AR5 .

R4 THIHBERHLMESRE REHRSEER

Table 4 Linear equations, limits of detection and limits of quantitationof 7 kinds of Monascus pigments
R [ml )51 75 LML/ (ng/mL) LEEES () iR (ng/kg) s REBR/(ng/kg)
AN Y=114006X-11688.3 1~100 0.9999 1.0 3.0
AN EAW (S ¥=94934.1X+15129.3 1~100 0.9993 1.0 3.0
AN Y=58912.7X+16763.4 1~100 0.9998 1.0 3.0
LBEER Y=252289X-96391.3 1~100 0.9996 1.0 3.0
& Y=24211.6X+30435.8 1~100 0.9992 3.0 10.0
A EaE Y=183992X-18553.2 1~100 0.9998 1.0 3.0
ez Y=76413.7X+28854.9 1~100 0.9996 1.0 3.0
®5 LFAEREMAREBSERLER (%)
Table S Results of spike recovery experiments of actual samples (%)
sk WK LTI FAliEawi /3 IR LIPER LIHER ANIERAE S iz
Augkg)  [Ie% RSDs g% RSDs [Ic% RSDs [HI# RSDs MI% RSDs [e% RSDs IR  RSDs
10 76.3 95 724 6.7 987 104 738 86 837 0.2 86.7 22 80.7 5.4
FAHE 20 86.1 6.6 70.1 120 1022 63 758 6.5 107.1 5.8 105.7 6.3 98.4 10.6
80 88.2 43 809 59 1034 58 869 48 104.8 1.4 95.7 5.7 90.3 11.8
10 108.6 73 708 102 834 82 749 92 804 8.9 76.3 13.5 75.0 7.4
3L 20 110.9 63  76.0 82 903 60 771 120 768 3.6 722 10.8 91.1 14.9
80 105.2 44  79.6 54 921 09 834 87 832 6.8 71.5 50 1054 2.1
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R AE)
Seppeg R BTN AN EANITS ANES EARZiE S LIHIER EANI RN arher
Mngke) [ RsDs [E% RSDs [ER RSDs [EE#% RSDs [EI#E RSDs [EE#% RSDs [EE#H RSDs
10 1093 125 739 128 917 122 803 32 961 144 8.1 98 801 157
AR 20 112.1 4.1 777 125 951 45 763 9.8 928 121 783 118 758 6.0
80 95.7 73 83.4 58 893 115 825 46 1007 94 963 66  79.1 9.6
10 883 106 8.7 138 724 67 897 157 790 84 738 97 937 84
[iza] 20 94.2 32 817 34 880 133 935 9.3 874 38 756 87 85 98
80 95.7 50 926 69 847 95 922 58 864 46 804 23 1032 717
10 76.9 87 748 9.7  79.8 6.1 768 139 1098 11.6 834 71 86 94
KEa 20 882 44 768 58 916 58 772 114 1103 7.1 857 84  99.1 8.1
80 92.1 22 855 41 867 12 816 51 1064 2.7 - 925 55 8.7 21
10 883 103 736 92 807 85 837 6.7 778 95 735 106 714 64
okt 20 91.9 59 708 76 785 70 807 107 765 77 716 78 835 1.7
80 90.7 6.7 794 55 813 34 902 6.1 734 30 794 31 768 06
10 739 98 82.1 137 798 66 759 149 1097 116 815 49 1084 59
571 20 76.2 1.7 804 75 841 38 748 30 1133 140 784 23 1121 7.6
80 80.3 36 889 34 903 45 805 09 1037 99 86 08 1036 35
F6 tEMIEHEURKETEE
Table 6 Detection rates and concentration ranges of the samples
xR ZIBTHR AN AN IERAE- AN EARE
2 /% 75 — 30 — 30
ik
WP /(ng/kg) 3.55-61.7 10.10~22.70 — 8.10~53.0
K 4 2%/% 100 100 100 100 100
LI FL
e /(mg/kg) 0.44~1.51 0.0479~0.0603 1.10~4.60 0.083~0.141 0.386~1.45
it /% 26.6 46.6 — 46.6
BN
WS (ng/kg) 6.15~31.0 17.40~35.30 — 2.21~23.20
T — ARG A .
S 30k

3. 4 £

AWF5E R Oasis PRIME HLB SPE #tfk, #tr T
UPLC-MS/MS [FIEHIlE &b 7 FPeiih R o ik,
YR, PrT e, R, RCER R R
R R, SRALTVCHC AR HE MR i, TR DU AS [R] 3 5
Tt 7 FhLrh €, A R AL N S R o R R
PATHY GB 5009.150—2016 Hh Tl . £0BE 2, 20 E4r
RO B R 4 ER LAY . AR ETLAER
AN RSB TORT e n e it i 2

(1] XUFH, (RS0, lm bR, 45 iR ERLH AN R R, B
FHk, 2015, 8: 79-82.
LIU QQ, REN JB, LIU XY, et al. Application and development of
Monascus pigment [J]. Liquor-Mak Sci Technol, 2015, 8: 79-82.

[2] XA, ML, BAWmERL. 2ol R AR T e ). R
TARTRIINGR, 2004, 4: 90-93.
ZHAO Y, WEN HL, HU XB. Monascus pigments and its application in
food industry [J]. China Food Addit, 2004, 4: 90-93.

[3] AGBOYIBOR C, KONG WB, CHEN D, et al. Monascus pigments



288

B

2R

A 2

1l 5%

[10]

[12]

[14]

production, composition, bioactivity and its application: A review [J].
Biocatal Agric Biotechnol, 2018, 16: 433-477.

Wi, PR, IAOCHE, 5. ani. Zoah B ph R ], R,
2017, 52(7): 1-3.

YANG Y, CHEN D, DA WY, et al. Hongqu, Monascus and Monascus
pigments [J]. Bull Biol, 2017, 52(7): 1-3.

ZHOU WB, GUO RL, GUO W, et al. Monascus yellow, red and orange
pigments from red yeast rice ameliorate lipid metabolic disorders and gut
microbiota dysbiosis in Wistar rats fed on a high-fat diet [J]. Food Funct,
2019, 10(2): 1073—-1084.

LEE CL, WEN JY, HSU YW, ef al. The blood lipid regulation of
Monascus-produced monascin and ankaflavin via the suppression of
low-density lipoprotein cholesterol assembly and stimulation of
apolipoprotein A, expression in the liver [J]. J Microbiol Immunol, 2018,
51(1): 27-37.

HSU WH, PAN TM. A novel PPAR gamma agonist monascin’s potential
application in diabetes prevention [J]. Food Funct, 2014, 5(7): 1334-1340.
BRER, M, R, 4. 20 AR MHTEARIE T KX HepG2 S L
AR FIRIFSE[T]. £ i & T e A~ 47, 2024, 15(8): 58-65.
CHEN Q, WANG S, ZHOU ], et al. Study on antioxidant activity of
monascus pigments and its protective effects on oxidative damage of
HepG2 [J]. J Food Saf Qual, 2024, 15(8): 58-65.

ZHENG YQ, PAN QH, MO LD, et al. Monascus pigment rubropunc- tatin
derivative FZUH reduces Af (1-42)-induced neurotoxicity in Neuro-2A
cells [J]. RSC Adv, 2018, 8: 17389-17398.

CHAUDHARY V, KATYAL P, PANWAR H, et al. Antioxidative,
anti-inflammatory, and anticancer properties of the red biopigment extract
from monascus purpureus [J]. J Food Biochem, 2024, 57: 103523.

BE, mHE, XIG W, 45 2088 0 R0 LPS i S THP-1 1A
RAW264.7 ZHML 5K A Z M [J/OL]. Bl
https://doi.org/10.13995/j.cnki.11-1802/ts.039836

SR, 1-9. [2024-07-18].

MAO YQ, GAO KH, LIU ZL, et al. Effects of monascus azaphilone
yellow pigments on LPS-induced inflammation in THP-1 cells and
RAW264.7 cells [J/OL]. Food Ferment Ind, 1-9. [2024-07-18].
https://doi.org/10.13995/j.cnki.11-1802/ts.039836

PhEE, E V. LD R AR T BRI AR, 2019, 9:
70-72.

SUN T, WANG F. Application of monascus pigment in food [J]. Farm
Prod Process, 2019, 9: 70-72.

TRIE TR . 2L R 72 3 H AR D AP £ W A7k [ND. A H 4K,
2024-04-22(008).
XU XY. “Red yeast Storm” shook Japan functional food industry [N].
Liberation Daily, 2024-04-22(008).

WGV B3R, AR, TR, 45, Z0mh @AY E WG M B HAE
FABLHIBEFEIEREL). £rih S5 R BE L, 2022, 6: 1-12.
MAHESHATI NERJ, BAO TY, ZHANG TQ, et al. Advance in research

on the biological activity and action mechanism of Monascus pigment [J].

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

Food Ferment Ind, 2022, 6: 1-12.

LIU LJ, WU S, WANG W, et al. Sulfonation of Monascus pigments to

produce water-soluble yellow pigments [J]. Dyes Pigm, 2020, 173:
107965.
ERRG, BT, 4 E sl AN -5 B0 SR I E B AL A

R[] BME4A T, 2023, 4: 87-89.

WANG SY, DUAN PX. Determination of monascus pigment in food by
automatic solid phase extraction-high performance liquid chromatography [J].
China Food Saf Magaz, 2023, 4: 87-89.

HUANG ZB, ZHANG SY, XU Y, et al. Development of an HPLC-UV
detection method for the simultaneous determination of two Monascua
pigments in red yeast rice [J]. Food Anal Method, 2016, 9(1): 148—155.
T2 WA TS - T o A I I R i R N AR 2 il R ]
R, 2022, 15: 198-203.

WANG Z. Determination of six monascus pigments in tomato paste by
LC-MS/MS [J]. Mod Food, 2022, 15: 198-203.

WU CL, KUO YH, LEE CL, et al. Synchronous high-performance liquid
chromatography with a photodiode array detector and mass spectrometry
for the determination of citrinin, monascin, anka- flavin, and the lactone
and acid for monacolin K in the red mold rice [J]. J AOAC Int, 2011, 94(1):
179-190.

SHIZUKA S, KOUJI S, JUMPEI N, et al. Determination of total
florfenicol residues as florfenicol amine in bovine tissues and eel by liquid
chromatography-tandem mass spectrometry using external calibration [J].
J Chromatogr B, 2017, 1109(1): 37.

AR, TREESC, BRIERT, A5 R AR A0 Ak 288 OB A (-
ERIDR TR 5 A W P TR R E AR A ()], 1 A B
%, 2024, 15(8): 227-234.

SHI MH, XING SW, WU XQ, et al. Determination of residues of
avermectins in milk by magnetic solid phase extraction pre-treatment
coupled with ultra performance liquid chromatography-tandem mass
spectrometry [J]. J Food Saf Qual, 2024, 15(8): 227-234.

LIU YT, DONG J, YANG QH, et al. Determination of niclosamide and
amphenicols residues in Chinese soft-shelled turtle (Zrionyxsinensis)
tissues by modified QUEChERS combined with HPLC-HESI/MS/MS [J].

J Instrum Anal, 2017, 36(8): 955.

ELGMR, TRMEWE, B, AF. QuEChERS-H i SO € ii- H B B ik
LRI R TR 65 R 255K A1), i i SRR~ 41, 2024,

15(1): 110-111.
XIA BL, ZHANG YQ, YIN JJ, et al. Simultaneous determination of 65
kinds of pesticide residues in Lycium barbarum by QuEChERS-ultra
performance liquid chromatography-tandem mass spectrometry [J]. J Food
Saf Qual, 2024, 15(1): 110-111.

VLI, WU QUECHERS-#E i RGO (k- T [R5 25 9
A G A T IS 24 ) AR ) A IR SR D). B A A 2 4R
2024, 15(12): 259-268.

SHEN J, DAI

JB. Simultaneous determination of 9 kinds of



%5 18 34

e, S RBGRAH GRS FRITERA I E Bl 7 R G R 289

[25]

[26]

[27]

[28]

fluoroquinolones and plant growth regulators in bean sprouts by
QuEChERS-ultra performance liquid chromatography-mass spectrometry [J].
J Food Saf Qual, 2024, 15(12): 259-268.

TFE, XUATAR, B0, 4. PRIME HLB FEg k- i 0o (- o e
Tk R R B b 5 FOB R R )], ik, 2023,
51(8): 1343-1352.

ZHANG D, LIU BL, ZHAO ZW, et al. Rapid determination of five kinds
of emerging mycotoxins in fruit and vegetable products by PRIME HLB
purification coupled with ultra performance liquid chromatography-
tandem mass spectrometry [J]. Chin J Anal Chem, 2023, 51(8):
1343-1352.

BIAN H, QIN Y, YU CH, et al. Simultaneous determination of 120
veterinary antibiotics in meat by combined pretreatment system coupled
with ultra-performance liquid chromatography-tandem mass spectrometry [J].
Chin J Chromatogr, 2019, 37(2): 162.

JU LY, LI ZJ, WANG J, et al. Rapid screening of 28 pesticides endocrine
disruptors in aquatic products by ultra-high performance liquid
chromatography-quadrupole/electrostatic  field obitrap high-resolution
mass spectrometry [J]. J Instrum Anal, 2017, 36(12): 1445.
MORENO-GONZALEZ D, HAMED AM, GILBERT-LOPEZ B, et al.
Evaluation of a multiresidue capillary electrophoresis quadrupole time of
flight mass spectrometry method for the determination of antibiotics in

milk samples [J]. J] Chromatogr A, 2017, 1510(6): 100.

[29] ERKPAMEZ R 2. FEDAMEZ RSN 2020 45 8 5

[EB/OL]. [2020-11-11]. www.nhc.gov.cn/cms-search/xxgk/getManuscript
Xxgk.htm?id= [2024-05-12].

National Health Commission. National Health Commission Announcement
No.8, 2020 [EB/OL]. [2020-11-11]. www.nhc.gov.cn/cms-search/xxgk/
getManuscriptXxgk.htm?id= [2024-05-12].

[30] NATALIA B, VERONICA C, HORACIO H, et al. Matrix effects and

interferences of different citrus fruits co-extractives in2 pesticide residue
analysis using ultra high-performance liquid3 chromatography-high
resolution mass spectrometry [J]. J Agric Food Chem, 2017, 65(23):
4819-4829.

(i $hiesr Kuih)

fE& &

kOB, ML, ETERID, TERR
FEARMREEM.

E-mail: sxcdezhangrui@163.com





