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W OE: By TSRO 0 Bk PUAR AT BT (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS) & v/ I & #fy AR OB IR AR SR 2D (AR LB T BT ik . 753k HEh
LA PR PRI . NGRS L LAk, Crs SRS, LLZIEFN 0.3%F RIS RN T shAH, BREEVEN 8, R
FH H3 IR =T PUAR T B35 0 R AR £ L RR A TR DU A E 52 7307 . 485R 71 5~500 ng/mL Ji iy BEU I, 4tk
FRRAF, MXRETE 0.999 VL F, JriEllE@ kR 50 pe/kg, #dibRA 10 pg/kg; KOER  AER . TN, %%
BT UORAE S FEE (1 mg/kg) . (5 mg/kg) . #5(25 mg/kg) 3 AN b (]I S5 A (] A0 T Ry
82.20%~104.11%, FIXSARIEN 220 1.47%~2.43% (n=6). &Ri& %y ik Tk . MER R . R ML, &
FHT ZARh B K okt A IR AR He 205 5 r R

KB NS AL B RO 3% - R B = i DU AT T3 7, Pl AR 1okt

Rapid determination of carmine cochineal in tropical fruit drinks by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the rapid determination of carmine cochineal (calculated by
carminic acid) in tropical fruit drinks by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods After extracted by hydrochloric acid with ultrasound, purified by acetonitrile, and
separated with membranes, the samples were separated on a C;g column, using acetonitrile and 0.3% formic acid
solution as the mobile phase, and detected by triple quadrupole mass spectrometry after gradient elution separation.
Results Within the mass concentration range of 5-500 ng/mL, the linear relationship was good and the correlation
coefficients were all above 0.999. The limit of quantitation were 50 pg/kg, the limit of detection were 10 pg/kg, the
recoveries of dragon fruit, passion fruit, watermelon, lotus mist, coconut drink samples at low (1 mg/kg), medium
(5 mg/kg) and high (25 mg/kg) ranged from 82.20% to 104.11%, and the relative standard deviations were 1.47% to

2.43% (n=6). Conclusion This method is suitable for the rapid determination of carmine cochineal in various tropical
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fruit drinks during to the advantages including fast analysis speed, high accuracy and good repeatability.

KEY WORDS: carmine cochineal; ultra performance liquid chromatography-tandem mass spectrometry; tropical

fruit; drinks
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Fig.l Structure of carminic acid

GB 2760—2014¢ & i ¢4 E bR e £ i i
PRt ) BE TR AR B2n (LAIRAR 2L R T F 2L - okt
AP, . R R ER . BRI E
fEFHRGE, i, ORISR RN 0.6 g/kg, FEIE PR
WgEh, XF AR B2 AE A S il PSR A e R Ak
IEIE R, H AR 1E A i g rh s A SEE R e
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K36 712z, AHIH 5 2 S X S Bl S5 £ A i R 21 %
AR TEAS B 18 Mg B U7, O B 2 Y B B
JIH R AL B A I o T T A Y B o A i A
R P8RS 50 5 v AT VR OB 315 - 52 A A P S A
WP e ek U R AR T Lk
U SR IR A B AR R B A AR R R
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R ({0154, £E Waters A1), FEL(FRIELE). &
(ko) (M E B A\, RABLIRR(1000 ng/mL). JH A
21 TR (ZH B = 98%) b ifE ) i (#5 [ Dr.Ehrenstorfer GmbH 2
Fl); FhERALGAL, TEEARFT); 0.22 pm RIUIKH M
(polytetrafluoroethylene, PTFE)JE/. 0.22 pm J& JE[nylon,
b2 4 S BE WLz (polyamide, PA)UEME . 0.22 pm ZEFEN
(polyethersulfone, PES)JE (b 2% S i BHEE B (0 A PR
A)); SEE K R AK, BB Milli-Q B2tk L.

1.2 UE5EE

XS204 J1 4 Z —HL B RF-(Fi 1 Mettler Toledo 23
A]); Multi ReaX % i€ #% ¥ #% (1% [E HEIDOLPH /A #l);
SHZ-C i L3R 5 /K ¥ 88 (0 Je BRAN AR A A R ));
SK7200B 35kHz i F i Ve (RS A AU A PR A
F]); 5804R ¥4 4 B U HL(#E [E Eppendorf 23 7)); Xcelvap &R
/4 B sh V17 W 465 10 (3£ E Horizon A F]); ACQUITY
UPLC I-Class Plus/Xevo TQ-XS # & S0 HH (0, 3%- = B DU
FF B HERE F{Y . Waters ACQUITY- UPLC®BEH C,q {341
(100 mmx2.1 mm, 1.7 um)(EE Waters 24 F]); Milli-Q
1Q7000 #R 21K HL(TE E Merck 2 A]).

1.3 LWHEE
1.3.1  ARAE LT BRAT AR i 0 B )

T I TG B R 21 R bR v S T VR, FH I LR I S AH B
25 AR IRBURF B 0.005, 0.010, 0.020, 0.050. 0.100,
0200, 0.500 pg/mL A AR £0 B b v T4/, {3t UPLC-
MS/MS 7, ArE T AR i Zeia B A 8 R e 7Bl
132 Hsara®

FREL(1 g£0.01 g)ikAET 50 mL HZE85. 00w, vER N
A 20 mL 0.2 mol/L #HM¥, WIS S 2 min, 55
A EEI 30 min, A SRS #E 4°CLL 10000 r/min 250
10 min, B EiHW 2 mL #8 2 50 mL &P, malE
TR B 2L . B S mL 2455 AR, 40°C/KIR AR
T, A 1 mL 90%ZJE+10% /KA, ek ay,
£ 0.2 pm PTFE ffLUEME L8, it UPLC-MS/MS &
133 &AEM

{5 Waters ACQUITY-UPLC®BEH Cg; 4,
TEAEIREE: 35.0°C; B AR 0.3%H RV, B H L
&, TR L 1,

=1 BERRER

Table 1 Reference elution procedure

it ) /min T A% WEhAH B/%
FRGH 90 10
0.1 90 10
1.0 5 95
3.0 5 95
4.0 90 10
5.0 90 10

1.3.4 JRikFAt

H, B 2R B I 55 B F U IE B F (electrospray
ionization, ESI+)#RZ, 318 i3 2 S W il (multiple reaction
monitoring, MRM)#F47 B ECHE 9394 5 R B, % &SN
LR M Fe e PEEE i, RI S00°CHYH B FIR IR EE, JF
RIBCER 550°CHEy Bei R Bkl ie, i Ml LA S
VERRIA, R, Zabiiik, R RAEE A B IER
3.5kV, NARE RETHEER S W B 81 T8 7. L
JE AN AE ) W2 2, BEEE P ROV E R

®2 REIREFERNENSGEF. FEF. #
FLEBEAiERES
Table 2 Parent ion, daughter ion, cone voltage and collision
energy of carminic acid selective reaction monitoring

am rfj fﬁf HEILIEN  RERAER eV
- w 493>355" 20 25
" 493>373 20 15

T ERE T

1.3.5 @t Ha X
BEEH AR LT IR & = f S e AR (DI

X=cxVxDx1000mx1000x1000 (1)

Ao X R istee R IR 2T R 1Y 7 5 (mg/ke); © i il 4

A5 Y AR LR BT i VR B (ng/mL); D Wi BRAEL, AL

AR ECH 100 4% V R A8 25T (mL); m itk

JEhb(g); 1000 M 240, I ESHRE 3 AR T .

14 HIELIE

K MassLynx V4.2 Ink B X85 R AR 19 SRR HoH
PEATARFR, FRER HLHREE | bRl AR 2 S 50, s 6
i WPS 2021 B4R BRI T 4T, SRBURER . FAXHR
W22 S 45

2 HBR5HH

2.1 HEACEBEHHRKL
211 REBIHeykH

JIE Bl Hh 21 0 A 2 e A i R K AR A, TR AR (2
HRAR A 22 0y (i FH i VR 32 R R 7 3 TR 45 1R (100°COK T8 ) T 4
U201 AR g 4 ) 0ok 7 Al B R R A B T TR
TR AR I T 58S, AEERMRU 5352 0.2.0.5.2.0 mol/L
T, A& mg/ke). (5 mg/kg). (25 mg/kg) 3 Fil
IR0 BE A RE A A T AR A B R IR KIS A B 30 min, £ I
HLINSE, LIRS £ 14 2 ik 5 1 AH N D T Bl 228 B4R
B, AR HCBR B (] 2). SEIRFI, LR Bl &
TR, AR (0.2 mol/L)ER R BIY T 3145 45 b (4 R BCHCR (FH
XF R FE>90%) o AT 8 WL iR vk Eh IR R i, 8 S Al D
TCHR B TR RR R M HLAA LU PG s 3 G0 1o VA B 19 i YR A
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B AT RE 30 Rk L AR MEXURS, SEER AR et R
RS MBE T DloME fE G A 2 L S IR B0 i i, SEOR AR e
Jnggta . FROR; RS I B R ECR R R MR ML AL
RE L 2 ARASORE FNRAIORE 720 AT L {45 ) 2 i 2 4 g R
WASTE, 15 B AR IBOE R4y, FE P2 A U A HE I
PRI, FEARTIGEH, X BRI A] BE S A
B R BCAEIRVR AR R 1 2544 T, BV AT 58 0B S50RE T R B
JEA o 25 b, AHIFSY B 2R R A S B B Eh PR R A7 1
BRI %E.

120 1 SRR R | A I e v VA
Y ATV N RIS S R eV
B R R B R SRR

§105- | E.h - &
7w AN AN
AN AN AN

0.5
PEIER R Y V& B /(mol/L)
Pl 2 TR o BRI S 7 ) B A BT A5k P R R 2 1 T X
FEIT AP I HE LT R I P U R L8 (n=6)
Fig.2 Comparison of extraction results of cochineal acid in coconut

matrix by high-temperature oscillation extraction and ultrasonic-assisted
extraction under different concentrations of hydrochloric acid (n=6)

212 AXIEB kS

H i, UPLC-MS/MS il i 2 FE AR - HLaG P L FLuE
JEHEATRLUE, LAB 1k KO AR 2% T b 28 (it A S35 Yo VT 3
Gt MWALUEMERRFMEM A JEJE . PTFE # PES 4%,
A ST 4 0 6 3 P 8 SRR 210 0.22 pm) % I g 41 1%
br T VE W (10 pe/mL) i 47 2L U8, 1 J5 W 08 W i 47
UPLC-MS/MS ¥l (n=6), 2250 L1 IR TE 3 Fhik
fErh R A, Hoh, e g R A 26l 67.6%, PES i
)3 1 %R A 85.4%, PTFE JEMEAE L IE N 96.3%., Hilt
AL, 3 iR S5 30 B35 5t W G 21 R H AT W B, b e
T IR0 B 255 £ 7™, PTFE JEMEWR FHE /s b, B
M RGN PR FEE A ELEMEEA
(-NHCO-) MR RAL& W, hFH & HA @ikt i me i
M, 5T & F.OFIN B R BUESE, kb DO,
T A G 2112 & A ¥R 2 (-COOH) Fl K i 2 2 (-OH) 45 44, %%
55 e e LR A AR B AR R g &, i S-80™
T 1 17 PTEE M BTAE 45 #) | 53R 2% (polyethylene,
PEYJSMU, {H PE PR TF e R IR, Bt
THEKAERR, T C-F BEAT R, Wi EA 05

MR e e, IR B I B b R, R, B
C-F $45H6 & BEXTFR, PTFE A & 50m MK, thFixse
5T, PTFE M4 51 1 B8 RS 25 2 35k 1) IR Mg &1 1 1) WO I B i ¢
A, BRI ETS 1 Bk G il %, PES 4> F45H
RS . BB RICOR S AL, WETCHR A PRI,
TGO K R A2t e, TR g T T IR S 20 e A 5 b
AT IRIEM i PTFE M2 8], JHAGLT Wi ik % — ¥t
LA U RS E 0T, ABFSE e 2k B R FH PTFE M5 1)
TR
2.2 KRR E RN

f£ UPLC-MS/MS 43#rHr, EARs- 54 i i i 06 [ X
B T 5 A Bk B S AR ELBEAH DG A, 032 B T2l
AYHSEIR, X S LA 21 43 %] RS AR S 0 10 15 M 4
PR R LR o Ferbr, JEJRAIN 4 oA 38 5 R0 AR i 400
ARG LT MHRRLLERAE 5 Rl K RAORE P 0 38 B,
LA PP AR B SR 245 1 5 T B B ) %) A VY e i o v
AR i 2 R0 6 D 200 R A 7 A VA RT TR A A R
ZIAIMRER L, A5 HeEEF 1, RTOIRFY, & AR
F 1, NIEEWI R 7ERG sy, 024 (/N 1, R
IETAFEMHI RN, Y HEL T 0.8~1.2 ZAE 55 5L
BN, 2 HAEANT 0.5 BUKRT 1.5 B sk Fuskons, 24 i
AT Z N R AR ST . R 3 AT S R K
TORIIE T JE B A508; 43R KSR (0.95) . #£55(0.93) .
PEJIN(0.93), AER(0.97). HF(0.95), FIHFAFIERH
ORI o WSCASIF Z 1 45 S it 287 P e P sl AH T 11 7
AR T A o TR 2R 0047 5 B3
23 FHAEFWIE
231 AMERETE

L) B O sh AR B R 4 A B 2T AR A v L T R
(5~500 ng/mL)PEATINE, FHLHArE TErZ, Hpfik
B Ay TR BE (X, ng/mL), BAARAR IR iR £L 1R € it 15 1)
W NI TR Y bR ERRZR, LR RN Y=1425.69X+
1019.91 (r’=0.9999) [FlFE, X HHAGLT MR A% (1 5L B BOR
B il A AR o AT IR A T R RERAE, P 3RAS 28 1 ST b vf
CAERNER, 2503 3. L5 Ml A1, 8 — s ik B
FBl N (5~500 ng/mL), MHAGZLRRAERI 4R T shAH K 25 (1 3L v
MRS R I RAF, HrpHOC R BT ES] 0.999 L
&, DL Ty R R S i I G 21 R 1 AT R
. FIEE .
2.3.2 A PR e ) KPR

GB 27404—2008 { a{36 a8 Jo dk 445 il HE 30 12 0 PR AL A
W) BFF SR F X7 i IR AR Hh T ARG AR, AR 7 AR
P LRy 3 45 A B bR o o) M 20 R BRAEL A R, F
17 E ARG TR RIA ki 2 IR 50 pe/ke, it
FBIE, 2 BT A ERRESSR, 18 T KR oR
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HRG H 2T BOAGI  Fi A A S 08 3 (50 FL(SIN=3)RY S, 22
TR RS AR S BRA 10 pg/kg, HIEARTF GB 2760—2014
Y BRAE TG Rl

®3 MELR=AERRETEMLESE
Table 3 Standard working curve equation of carminic acid in
blank matrix

RN LM PSS V((D)
K e Y=1350.03X+2758.79 0.9995
AER Y=1320.99X+1970.61 0.9993
[LLiP) N Y=1331.49X+2169.63 0.9993
M5 Y=1375.91X+2059.11 0.9991
IS Y=1350.82X+2181.60 0.9997

2.3.3 MARE R BN EE

A R, WEIKRRA 50 ne/ke, 1HEEE|
R R HR2T A ) SR v KR AP A0 S Bt P 196 000 A A O o, AR
PARE TLLF 3 AR EE, 435000 1. 5. 25 mg/kg, i@
SURSRD @) I SO | NN S 1 S S G R & B g o
f O GE 2 ) IR RS 20 R A MV R, BRIV RT 3R A5 AR I 4
FREESD o S5 R, 5 FhEHE AR ORI T B 454 ImllicR
W 82.20%~104.11% (n=6), AH X ¥F ¥ i 22 3 BBl 4y
1.47%~2.43% (n=6), HILATH, AJrikEA RiFr RS
PABAEHRE, —RENE T L WA TR SR BRI ik
2.4  SEFRERMURK

GB 2760—2014 £ %2 4 18 GEhR i & S s i i e
FRUE ) HELE T Ok IR AR AT AR SR YR A (5 I R A
AR, AR K IR R T JORR A
FRL PN, EFE M 5 FEACERERRER, FFLAE
TP NRREIEA T T 8 BE VR, 45 R EoR, BEVLRIBAY
AT A SRR it T8 AR IR 2T A 07 -

3 WEEER

ABFFEEET UPLC-MS/MS #37. T —Ff i A R ck)
HH AR He 2T TSR e PRSI i, X B K SRR
FHEIRAS IRAT, INTF 5 min PYEDRTSE AL EALAGIN, Ty (E
WEN 82.20%~104.11%, FXTFRAEME N 1.47%~2.43%,
o H R 10 ng/kg, MEMEFR 50 ng/kg, A 7 ko B Hk | U
W m . MBES . AR, B FARURREK
UPLC-MS/MS R AgPE4ess, TmilEAR S 2107 5L brf FH H g i
WU — R, P AR B BRAGIN H B R B R L
FRUEMZE_EBRAGE I, 182 2 B0 s B RE i 2b AT i —
HHIRGERE, FHEA R TINE o MR LAAEDFS o iy
FH 8 IR i LTSI i R BB RO A - 2R A1 vl T 43
FETHIRR %, W BT THRESS, YA e S IRAR
LIRESHAIE ML S PIRT, 5 SEGEIRESR, MAGFFRERI

f) UPLC-MS/MS HA W EHE . HUTIRRES 5k, FHACT# L
AR50k B A = HAT TR A B0k B2 L B 1 SR AR
SR AP S A RN, Rl v ER R R A
VAFERIEFE A R 2R TS N SR I T 1%, AR il 2l SR B
B (R B ERRR R A, P T IRBU IR axtk, KR
REAR T T L AR IR AE, ITIREA )7 vk ek R Of . 1E5K
BRI, A5 7 RS 1 A2 1 SR o o o0 T Ok S B MR
ZTFRAETTR, TR Bl AR OB IR AR HU AL B 3R
MU S0 285 W D RS A DR I, S b T 3 M 23 1 At
THORSHE  FEARK, AT 1 TR DBt ad F
BEATZ TR, 2 BRIk T 2 R b R R AR
A, LA AEAS 30 R AR S A I HhL 2101 [ P BE 6 460 5 22
T RAR RN T A5 gL, B 2 5 MG H 238 v i) IR AR
LLYR, ORI R A | FE A AR H B
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