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Rapid determination of 11 kinds of yellow industrial dyes in Durio zibetuinus
Murr by high performance liquid chromatography-tandem
mass spectrometry

NI Rui-Min"**, ZHOU Hong-Xia'?, WANG Xiu-Li'?, ZHANG Mei-Chao'?, ZHANG Yu-Jie'?

(1. Weihai Institute for Food and Drug Control, Weihai 264200, China; 2. Weihai Key Laboratory of Food and Drug
Quality Evaluation and Technical Research, Weihai 264200, China)

ABSTRACT: Objective To establish a rapid determination method for 11 kinds of yellow industrial dyes including
auramine O and so on in Durio zibetuinus Murr by high performance liquid chromatography-tandem mass
spectrometry. Methods Durio zibetuinus Murr pulp samples were extracted by ultrasound with 80% acetonitrile
aqueous solution, Durio zibetuinus Murr peel samples were extracted by ultrasound with acetonitrile, purified with

60 mg ethylenediamine-N-propyl silanized silica gel. The analytes were separated by Agilent Poroshell 120 EC-C g

Ui B EA: 2025-09-16
F—1EH/BEES: MEK091—), L, Wit TR, EEMFR5 IR E 2N, E-mail: 1311039188@qq.com



272 B il 2 A iR A I A 4

FH1TE

(3.0 mmx100 mm, 2.7 um) chromatographic column with methanol-0.1% formic as mobile phase by gradient elution.

The determination was carrried out by high performance liquid chromatography-tandem mass spectrometry in

electrospray positive ion scanning and multi-reaction monitoring mode, and quantified by external standard matrix

standard curve method. Results

The linear correlation coefficients (r) of 11 kinds of industrial dyes were

0.99346-0.99996 within the range of 0.2-10.0 ng/mL, indicating a good linear relationship. The limits of detection

were 1.0 pg/kg, and the limits of quantitation were 2.0 pg/kg. The recoveries of 11 kinds of industrial dyes ranged

from 74.6% to 99.3% and the relative standard deviations were 1.1% to 14.3% at 6 kinds of parallel spiked tests with

limits of quantitation of 1, 3 and 10 times for Durio zibetuinus Murr substrate. Conclusion This method is easy to

operate, accurate in results, and suitable for rapid screening and quantitative analysis of 11 kinds of yellow industrial

dyes in Durio Zibetuinus Murr, providing technical support for food safety supervision.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; industrial dyes; Durio

zibetuinus Murr
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(3.0 mmx100 mm, 2.7 pm, EELFERFHHAH]); Kinetex
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WA BRAH); FFHE G (CAS 5:2051-85-6), %
#(CAS 5: 60-11-7), /rHfE 11 (CAS 5 82-28-0), 7k
% 3 (CAS 5 730-40-5), —Z JL#(CAS = 2481-94-9)
Bl P B8 B (CAS 51 2465-27-2) . 4rHI# 3 (CAS &
2832-40-8) Bl M:AE 21 (CAS 5 3056-93-7) 43 HIE 1 (CAS
21 2581-69-3), THIEHE 22 (CAS 2 4657-00-5), 4> HkE 37
(CAS F: 13301-61-6)bRyEM B (BT FE A 100 mg/L,
KRR A R
1.2 EH*%
1.2.1 w4k

SrAIFRE 1 g AR AR AR S R ZE 0.01 g), B
T 50 mL B4, Jo, MR RAESMA S mL 80%2
EAKIE, MEER AN S mL 205, #irEsFHiR
FEIRA) 1 min, 7 $2H 20 min, 6000 r/min &.0> 5 min, H
F3E 1.5 mL BT 10 mL 204, A 60 mg PSA 47
Ak, RHEIRT 1 min, 6000 r/min 5.0 5 min, B _EFHIRE
0.22 um WFLIEREL IS, FF EALR
1.2.2  AR/BEIR B

HERAFS I 3 11 Fp Tl PR R 500 pL T° 50 mL
B, DA AR E R 2208, Bl A it vk B
1 pg/mL PR A AR HE S B AT, —18 °CLRATT S
1.2.3 ARG ELEH

3% 4% Agilent Poroshell 120 EC-C g 4 1%41:(3.0 mmx
100 mm, 2.7 pm); Fshtf: A 4 0.1% F BRKIER, B 4
FHE, MR EE DRI 5L ER 15 B 0.3 mL/min; #1935 °C;
PEFEE S pLl.
124 FRiEsH

BT IR L5558 T UR (electrospray ionization,
ESD); HA#it: IEEFHEM,; REHMK: ZRMEN; &
FURIREE: 550 °C; BRIz 5000 V; SRS

TEVER T E BT I 2.
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Table 1 Gradient elution conditions of mobile phase

s 8] /min 0.1% F R /K 1 /% /%
0.00 80 20
4.00 50 50
5.00 30 70
8.00 5 95
12.00 5 95
12.50 80 20
14.00 80 20

1.3 HELLIE

ffi - Analyst® 5 {4 X5 Ji 4R 55 4 647 R 45, (A
MultiQuant 3.0.2 FA:XF 4G B A T 58 P A E b,
H Microsoft Excel 2010 84 4r i H 855 DL /R Bl 2

2 HRED

2.1 FIEFHHMRL

SR FH LW 55 T3 0% 2h 38 R b AR 1 O 5K, O T U
B 20 ng/mL B 11 Rl GepHE AR HER R A 2 T8,
PR E B R, T, SRR T
S8 SRR S T T, RS e T RE R
BT, BT SE . BAARTTESHOLE 2.
22 BIEZFHRK
221 &agAagdE

% %% Kinetex C g (2.1 mmx100 mm, 2.6 um) .Kinetex
EVO-Cg#:(2.1 mmx100 mm, 2.6 pum). Agilent Poroshell
120 EC-C g #:(3.0 mmx100 mm, 2.7 pm), Waters ACQUITY
UPLC BEH Cg#E(100 mmx2.1 mm, 1.7 um)% 4 FhA [ 8

0.300 MPa; HHBIIIISES7: 0300 MPa; “SA7SUEST: 22 kPa;

Fz2 11 IR RIESH

Table 2 Mass spectrum parameters of 11 kinds of industrial dyes

SR ETEAEXT 11 AL GRS AR

b &£ Fr AR /min - BFE T () TFETF(m2) i e/ vV PN L NaAY
1 IFHE G 7.20 215.1 93.1%,198.2 24,20 30
2 THRE 8.86 226.0 77.1%,120.1 24,37 30
3 Ay EURE 11 7.51 238.1 164.7%, 181.4 42,42 30
4 Ay 3 7.24 2432 122.1%,75.1 23,51 30
5 T 9.60 254.2 77.0%, 134.1 27,35 30
6 T 5.00 268.1 147.0*, 107.0 39, 40 30
7 SYHELE 3 7.35 270.0 107.1%*, 150.0 27,22 30
8 R 21 5.55 315.1 270.1%,299.9 50, 34 30
9 Vit 9.08 319.3 169.0%, 122.0 34,29 30
10 RPERE 22 6.51 391.1 376.0%, 220.0 41,38 30
11 SrHEIRE 37 8.71 392.1 351.0%,133.2 32, 46 30

s AR T
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Fig.1

Quantitative ion chromatogram of 11 kinds of industrial dyes in Durio zibetuinus Murr with a spiked concentration of 4 pg/kg
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Fig.2 Effects of extraction solvent on recovery rates of 11 kinds of industrial dyes in peel (A) and pulp (B) (n=3)
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5 B R [AlHR A I AL X 11 b 0 ekl [l Yl 5 g S,
R ] 20 BB 10, 20, 30, 40 min, 455 LA 3,
10~20 min B, 11 Tl Zoeh i) [T 2% i 8 7= Bsf (] A 384
X, #8id 20 min B, Bl 7 BB, &4 BiR
AP SR IEARANAS o AT 29 () AR 25 5, B R I
(] 5 8 A 20 min,
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Fig.3 Effects of different ultrasound times on recovery rates of 11
kinds of industrial dyes (n=3)

233 HALLAtegikiE
MRS AR B ar4E . SR A B R4S 2 R
Gy, SPEA LAV, EMARBORCR, R RS S

AL S5 ok bR A T, AR IR . W R BR A Y
W B 74055 PSA | C s A1 224k 5 2 (graphitized carbon black,
GCB), PSA i o H 1M 49 2 35 T BE H (-NH,) 5 K i o B b
. GHLER . BT RRSERR M 2% AR BRI L BR 240 Cos
F2 B W A 7 AR T A A B ) AR 44 5 . GCB
FEERRE R, RSP Tl Yokt ARSI 7S T4
A GCB J&, MUSEBRRIREER, BRI H
BRI, T30 B bR 0 DR A TR, R 2 SR
PSA. Cs AT 73515 ENMA 20, 40, 60, 80, 100 mg
f) PSA #1120, 40, 60, 80, 100 mg MY Cyg LR, &5
DLIEL 4, SRBCGRHIMA Cis 5, Ko Hanfb G i
3Bl Cg E BERIG NI REAR, o ZrHoRs 10 BlrERs 21, B
P DRI A 22 1) IR KRB RIS, 3% 4 F HARE &
B RIS R A5 0 FANESHAG 79.8% . 90.6% . 90.2% . 83.5%
FARF 55.0%. 66.6% . 62.3%. 44.6%. SHTIRFE T RERH T
Cis 1 Rr—FhAE BRI 0] 5 AT S ik S A Ak A5 AT A
E—EMVER T, B BAb S0 T ek, &6
KIEHEERDTHRIN, Gk Cig BREURM . $REUEHINA PSA
Jei, 11 BT GRS RGBT AN R R B dit s, gt
B R RO 1 R S, RV 60 mg
i, IR R, I EBGIG 11 R EARE AP Ry
REISE] 70%~110%, FIULEEEEMA 60 mg PSA #11i5+{k.
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Fig.4 Effects of different purification agents on recovery rates of
11 kinds of industrial dyes (n=3)

24 EFRMMAIFEN SR

I TR SRR P BR H AR A B4 LA G A A 3
XF H AR I A T HE0Y, T PRAL I RO, DU AR A
T 25 SR P TR 1 — SR LA [ vl 88 P R b o AR V(A
53 R B v TR (B) A 06 T AL AR T AR R DA 6 T 3k
B RN >100% 0, Bk HAT B TSR AR T, R
RN <100% s FR >y ELA S i 4 F o | R BT AN —1] < 20%,
PR A 55 B RN s 45 20%<EJRBUN -1| < 50%, F)
A AR BE R BTN A BTN —11>50%, TFR A
BRI FE U . FERSESE AN 10 pg/kg 19 11 Fh
Tl RHRAY), $elR 1.2.1 M5BT B DL 2 52 0
JERLR, A5HEILFR 3. SRR, MIEXT 11 A Tl ki
AN TRVRR B (4 S RN o Yo Bl 22 A BT SR AN, *f
Hofth 10 Fp ol ek LB HIRON o XF 400 1, 3
T AN 37 HAT Hp AR I S TR, XAl 8 ATl
YRR B L TRAUN o PRI, FEAGIN e A Hh SRR
RN AR, e A ) A R, SR R R B G B oA

Table 3 Matrix effects of 11 kinds of industrial dyes in Durio
zibetuinus Murr

GER-1)/%

o -
e feshad TR TR
1 JFHE G -6.8 -8.9
2 iR Yy -32.3 -45.6
3 J3 O 11 -6.6 -9.5
4 anii G -11.4 -15.8
5 I ~13.6 -122
6 TP B 2.4 -3.6
7 AYHLE 3 -8.9 -10.6
8 PR 21 ~12.5 -8.8
9 I3 R 1 ~48.6 -40.5
10 T 22 2.6 3.8
11 SR 37 413 -40.2

2.5 FEETEM S
251 AFEEL, BEREEEMR

Fas AREmIE IR 1.2.1 MR TR, R Ela A
FE I AR IOR, 2 FRE A 35 ST AR OB R o i . 1
JREWE 0.2, 0.5, 1.0, 5.0, 10.0 ng/mL i RINE AR
WA . UL EAR LA 100 5T ik B R AR BR (X, ng/mL), LA
FE LB F IR B NG bR, BIFEPR M2 45 53R
11 Tl JeBHE 0.2~10.0 ng/mL G TG BIN R BT
HILEPESCZR, AHSEZRE() N 0.99346~0.99996, TE2S FIHETE F
PRI B BT B TIFRSE S, ZETR AN 1.0 pg/kg B,
11 o 2l ) A 2 2R PR R SR B B o P (5 I L (SINY 34 R
T3, TETINKTH 2.0 pe/kg B, 11 Fh Tl Juteh e i 5
PAVRISR e 2 S RS EL(SIN)I R 10, B 11 Fh Tl e
B R AT A E] 1.0 pg/kg, ERFRATIXEIN 2.0 pgke,
T RS ER, BARSEIRLER 4.

R4 10 FHLARRMEESE. BXRRC) BHERFESR

Table 4 Linear equations, correlation coefficients (r), limits of detection and limits of quantitation of 11 kinds of industrial dyes

. LT LIPS ()
1 HIHE G Y=4.05073e5X+4.82203e4 Y=2.16358e5X+6.75862¢4 0.99977 0.99978
2 I Y=1.90589e6X+5.38267¢4 Y=1.54261e6X+6.33568¢4 0.99983 0.99985
3 I3 11 Y=6.96613e4X+2152.37388 Y=6.13586e4X+3162.271502 0.99900 0.99346
4 Sy HES 3 Y=4.12899¢5X+24089.86497 Y=3.99658¢5X+30196.21047 0.99987 0.99897
5 TOEEH Y=1.10270e6X+6.24507e4 Y=1.085298e6X+7.21534e4 0.99875 0.99880
6 M i Y=2.23196e6X+1.53485¢5 Y=2.068916e6X+1.62826e5 0.99871 0.99722
7 oy 3 Y=4.42055e5X+3.25176e4 Y=4.125861e5X+1.269864 0.99996 0.99679
8 TIERE 21 Y=6.66824e5X+4.08826¢4 Y=5.99582e5X+6.27165¢4 0.99952 0.99489
9 Iy 1 Y=6.46187e5X+2541.99631 Y=6.32455e5X+3658.89752 0.99953 0.99890
10 BRPERE 22 Y=3.76277e6X+1.91245¢5 Y=3.056175e6X+2.032136¢e5 0.99977 0.99630
11 Ay 37 Y=2.63361e5X+15643.26268 Y=2.25310e5X+23156.15296 0.99973 0.99656
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252 FEEKEREEE

Phzs FURE N SR B R BE, A0iE1T 1. 3. 10 fiF
FE R BRAINFREEE, BAINBRAKEET 6 AlFATSEE, #
W12, SHEATRUAL TR, 4208 1.2.3 F 1.2.4 BB SR 4515,
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F5 11 FHIERATFHEUET RSDs (n=6)
Table 5 Average recovery rates and RSDs of 11 kinds of industrial dyes (n=6)

FE RAMAK W Rgke) RS RSDs/%
MR A MR B MR A MR L
2 75.1 80.6 12.1 10.6
1 TFHE G 6 85.7 88.5 3.8 35
20 90.1 922 3.2 29
2 75.6 76.8 8.8 8.0
2 TR 6 78.2 80.2 2.5 3.1
20 80.6 85.6 2.4 2.5
2 85.7 88.2 10.2 9.8
3 SrEUE 11 6 82.7 90.5 3.7 42
20 87.6 92.6 5.5 4.9
2 83.0 80.5 6.4 72
4 AR 3 6 86.5 88.2 4.4 5.0
20 922 94.6 2.4 3.2
2 753 74.6 11.1 10.8
5 VAE Y 6 87.2 80.1 4.6 42
20 85.0 88.2 6.2 5.6
2 83.5 80.5 3.1 45
6 B A 6 87.1 86.2 1.1 23
20 95.7 93.8 1.6 1.9
2 87.4 88.6 4.7 52
7 Iy EUE 3 6 86.8 90.2 8.6 9.2
20 88.2 92.6 6.9 6.2
2 79.3 78.6 3.9 4.2
8 BaPER 21 6 90.9 88.5 2.5 2.9
20 93.9 92.1 2.3 2.5
2 81.1 80.6 13.6 12.8
9 Iy B 1 6 86.8 85.3 5.0 4.8
20 93.4 91.5 3.5 4.0
2 83.2 84.5 5.7 6.8
10 AR 22 6 80.3 89.2 1.7 3.6
20 93.3 92.8 4.6 1.5
2 79.5 80.6 143 12.6
11 Sy 37 6 99.3 95.6 13.6 10.8
20 973 96.8 4.7 52
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