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Simultaneous determination of 23 industrial dyes in capsicum
products by liquid chromatography-linear ion trap mass spectrometry
Li Peng, Li Xiaoli, Miao Hong, Zhao Yunfeng, Wu Yongning
(China National Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract; Objective To develop a method of high performance liquid chromatography-linear ion trap mass spectrometry
(HPLC-LIT-MS) for the determination of 23 industrial dyes in chili sauce and chili powder. Methods Samples were
ultrasonically extracted with acetonitrile. The LC separation was performed on a RP-Amide column with gradient elution and
the mass spectrometric acquisition was carried out under the mode of selected reaction monitoring (SRM). Results The
average recoveries of 23 industrial dyes fortified in chili sauce and chili powder at 0.3, 0.6 and 1.2 mg/kg were in the
range of 73.9% -133.3% and 77.2% -128.4% , respectively. The limits of detection (LODs) were 0.5-56. 0 pg/kg and
the limits of quantification (LOQs) were 2. 0-186.0 pg/kg. Conclusion  The method is suitable for quantitative and
qualitative detection of 23 industrial dyes in chili sauce and chili powder with advantages of fast, simple, precise and
accurate. Rhodamine B , Chrysoidin and Sudan red IV were detected in 2 out of 73 chili products collected in local markets
of Beijing.

Key words: High performance liquid chromatography-linear ion trap mass spectrometry ( HPLC-LIT-MS) ; industrial

dyes; chili powder; chili sauce; illegal additions; food safety
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98.0% ) \J5 F+ B (4L 99.0% ) . 75 FHIE G (4l JZ
73.0% ) I FHiE 2 (ZERE 99.0% ) WA i 21 (4l 2
68.0% ) RALLL (4L 95.5% ) 43 Wik 106 (4l
87.0% ) JrHLHt 3 (4 30.0% ) . 7r HL#E 3 (26 )%
90.5% ) S BLEL 1 (4 94. 0% ) (o Uik 124 (262
70.0% ) o HIUKE 37 (26 90. 0% ) Jp ks 11 (2l
93.7% ) F1 R P # I (26 £ 94.0% ) Wy H Dr.
Ehrenstorfer 2 &) ; 2 S8 B (4 99. 0% ) | i P4 #&
(2l 85.0% ) il [a] iz v (4L 98.0% ) g H Acros
N w] I IR (2 98.5% ) W B TCI( L) 2~
Al SR (Ll 98. 0% ) N (i ol , AL i
3BT Al ORI TSR R i 4 0 3

23 Pl £ Ty BeHE & A v VA 1 B0 15C A < 0 Sl
HEBIFRI 10. 0 mg (Y45 E & (FL 20 B AR s 7 38) T
100 ml 255 T, 06 0 it OF o 45 22 20 B, ) i
100 mg/L BB e fiff 45 W o 43 0 W IR 400 pl |3k
23 FhEAFRAE AT 10 ml BRI P, HELERE
ZIBE #8550, WA 4. 0 me/L RS ARMETARR, - 18C
LT it , % 1
1.2 HPLC-LIT-MS/MS %14

HPLC 2514 : Supelco Ascentis Express RP-Amide
EIEAE (150 mm x 2. 1 mm, 2.7 pm) ;#Ei7 :30 C 5/
M55 1 B TR ESIC + ) ] R, Wi sh Al : O (A) Al
0. 1% WRRIK(B) s B EEBENL :0 ~ 10 min,5% A
~100% A ;10 ~20 min,100% A ~90% A ;20 ~25 min
90% A ~5% A ;¥ i# . 0. 15 ml/min; H 3 3F K 28 4
10 wl; i mE s 7 B AU ESIC - ) 1R, Wi shAH .
CHECA) FK(B) ;BB EEVEME:0 ~ 1 min,20% A ~
100% A;1 ~7 min,100% A ~100% A;7 ~7.5 min
100% A ~20% A; Ji# :0. 2 ml/min; [ 3 £ 28 3
e 10 pl,

i S S BB TR [ ESI( + ) |5 Miss iy
JE 4.5 kV; B HE 35 ViR BIHLE 70 Vi #§
Uit 388 35 arb s Bl B AW H 15 arb ;s BN IR E 350 °C
A7 s I8 5 TG e £ S0 M I (SRM)
LTSS R IR ESIC - ) [ B Ik 37 Vitk
Bir H -93 V HAh R IE & 78 s 5394 7 X SRM,
1.3 5 Fi A 2

FREXCZ 1.0 g (A5 22 0. 001 o) BfOAR I =i BRAR 4
FEL T 50 ml SUBLEL.OAF N L A 10 ml 20, 9 g iR
5130 s, A ZE B 20 min, HEAH)E, T4 CT
8 000 r/min#.L> 10 min, % LW (ZHF)Z) T —

50 ml ZIBEAE N . AR AR SR, A IR IR G
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min # 0 5 min, WA B ZE 1.0 ml I3 W i
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2 #R5IT
2.1 ATk A LA

AR SR F U 30 1 O T i vk R 200 pg/L Y
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Chromatograms of 23 industrial dyes in acetonitrile

in SRM mode ( fortified level 60 pg/kg)
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Table 1 Main parameters of the mass-spectrometry obtained
by the method of HPLC-LIT-MS

ey ﬁ%’ﬁa‘l‘m BB+ (R ik o

(min) (m/z) (%) (m/z)
ESI( +)
DA 7.25 284 44 269;274
Tl A 7.41 213 33 77196
% 71 B 8.64 443 45 399;413
SYBLEE 106 11,24 336 22 178,206
R 3 11.59 243 30 122140
Fini €2l 11.90 315 30 134284
IYEEE 124 11.92 378 22 220;177
Ay 11 11.78 238 43 223;160
ST 3 11.85 270 26 122149
Ay THRs 37 12.62 392 23 351,375
P G 12.24 215 27 198187
piSEN 12.71 226 33 211;134
Xifor £1. 13.01 294 24 277,251
HIHe G 13.45 279 25 248,262
R e 41 13. 47 308 22 291,156
a1 13.65 249 25 232,173
piSEEAN | 15. 45 277 24 2603120
B 2 16.23 351 30 294,281
piSEEAN | 17.73 353 26 197;248
pISREAN 20. 54 380 19 183157
LIV 21.31 381 26.5 224,183
ESI( -)

fRERE I 14.29 327 36 171247
Ji] e 2% 14.37 352 35 156 ;324

2.2 FRARAETAR TS IE AR
23 Bl T r Bt 1 Al A 1 22 R ORI

MR | AT B T R AR P R RO T R
AR o 5% R O HLB AR FI C g #E X 23 F T
b Gk #EAT Ee L B S5 P Ykt 4 HLB KE bR 8 5
SR W BRI B Oy B Y R
Coo M 1 R B8 b o, A 46 Uk B0 75 RIS JE ok ke G
Py JBE, 5 350005 A A1, T ¥k [R) BE X 23 For et
HEAT B HE A . I e PR XS 23 Fh YL R A
it B8 7 1) N ABUHR BBUMR , SR PR VA - YR 4 B 7 2 2 LR
15T B RUR

2.3 2l AR B

Shy e AV S5 J5 A0 I % 1 0 Ak B ) T R A v
B 85 (4 5% 0, SR FH 2 19 S0ABU T R 500 L 6 35 B i B
Je B V5 VR AN ) 5 5 DG JE AR B A ME VS W . 23 A
Tolk G Bk B e B 4300 Sk 7.5 .15 .30 .60, 120 Fi
240 pg/Lo ¥ 5 5 A5 I W o B 2E B LLH bR dk
B W e R R A B, R A 06 TR A G AR AR 2
AR 2 RS, L 2R R4y, R R 3 S A5
A o i 2 AH DG R B R T 0. 99,

PL 0.3 mg/kg 25 FAMIBRAE & A 0 10 Ay JE o 4 A7
TR, 3 A5 f5 W Lb X R B R BB O RS BR (LOD)
10 5% 15 W H xR 1) ¥R B Ry o BB (LOQ) o, 23 Fh T
b e AL E BB AN AL T BE T H % LOD iy 0.5 ~
56.0 wg/kg,LOQ 2.0 ~186.0 pg/kg, Eik4s
W2,

2 BB FUBORLI Hh 23 R A Tl ekt B A HE B (LODs ) 52 BEFR (LOQs) (£ J5 R AR OC R % (1)

Table 2 LODs,LOQs, regression equation and regression coefficientl of 23 industrial dyes in chili sauce and chili powder

R PRI
&y — %A% LOD LOQ 2 o ME A%  LOD LOQ
(r) (ng/kg) (pg/kg) (r) (ng’kg)  (pgikg)
RIACEE Y y =4187.39 +2854. 91« 0. 9992 19.0 48.0  y=4404.38 +2283. 86x 0.9995 3.0 17.0
P y =4425. 44 + 1486. 5x 0.9999 7.0 15.0  y= —88.0577 +1406. 5x 0. 9999 2.0 16.0
% F1 B y =232592 +77921. 5x 0. 9996 0.5 2.0 y=236938 +73535. 2« 0. 9994 0.1 2.0
A EEE 106 y= —55185.9 +6198. 84x 0.9927 2.0 6.0  y= —24294.5 +3020.95x 0.9981 38.0 167.0
Ay R 3 y = —47280.5 +5913. 1x 0.9941 7.0 20.0  y= -18185.1 +3088. 2« 0.9961 10.0 87.0
o Al y= —63821. 1 +16269. 2x 0.9971 4.0 16.0  y= —57457.2 +13491x 0.9976 2.0 14.0
A EEE 124y =9829. 52 +7351. 08« 0. 9946 5.0 16.0  y=10793.2 +4798. T4x 0.9976 7.0 38.0
ANEIRS 11 y= —2576.62 +241. 571 0.9970  48.0 151.0  y=28.3701 +64.4815x 0. 9960 49.0 214.0
I3 y= —25943.8 +3737. 72« 0. 9988 11.0 20.0  y=9078. 18 +1987. 96x 1. 0000 4.0 22.0
Syt 37 y =6524.17 +1899. 47« 0.9984 22.0 59.0  y=7868.86 +610.511x 0.9993 27.0 79.0
FFHE G y =7628.95 +2489. 42x 0.9956  27.0 56.0  y= —45931.8 +6359.57x 0. 9990 4.0 21.0
PSEg y= —33119.2 +29481x 0.9973 10.0 23.0  y= -70052.3 +6956. 68x 0. 9979 17.0 38.0
X {3 41 y =445.195 +366. 356x 0.9977  73.0 186.0  y= -2918.23 +160. 366x 0.9971 12.0 53.0
pigaraNe y= —103966 + 11992, 6x 0.9981 7.0 19.0  y= —38537 +4529.53x 0.9992 9.0 42.0
2 e 21 y =32651.9 +18606. 6x 0. 9799 13.0 29.0  y= —45406.9 +4928. 34x 0. 9956 33.0 173.0
piSa AN y = —58964.3 +3686.92x 0.9977  26.0 59.0  y= -48906.2 +4016. 7x 0. 9970 2.0 8.0
pivaean| y = —84985.9 +7555. 65x 0. 9956 7.0 150 y= —4582.49 +1165. 7« 0. 9980 56.0 182.0
P 2 y= —316246 +121998x 0.9973 10.0 25.0  y=618098 +61708. 9x 0.9942 0.5 2.0
piSREAN y =6908.76 +511. 319 0. 9961 51.0 133.0  y=4272.16 +503. 047« 0.9978 31.0 133.0
e 7B y= —36241.8 +12914. 5x 0. 9989 8.0 18.0  y= —243269 +24560x 0. 9985 1.0 3.0
piSaan\l y =4009. 4 +1802. 33x 0. 9998 5.0 12.0  y=3402.29 +1205. 75 0.9998 15.0 32.0
fi] e y= —6763.31 +1706. 43 0.9979 5.0 100 y= —7305.24 +1702. 59x 0. 9994 4.0 8.0
LS 1 y = —22057.6 +4016. 02x 0.9997 4.0 9.0  y= -16106.6 +4390. 47« 0.9991 5.0 12.0
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[i] 25 [ B 9 R 25 1 BB T 5T b R R S
s VA T, T SCHR i B 28 3 7E T & bl ik
AR 0 Tl ekt TAE i 256, Tolk G4 okHi
FE AU &b TS e vk B — RS (FF mg/kg K
), PR A A K S 23 531 0.3.,0.6 1.2 mg/
kgo i LRIy kIR AT AL EE S0 5 . AR MR K
I 6 Py FE S BEAT IR, T A 38 A e i R % A
Xt BRAE A 22 (RSD% ) o 23 F Tl 3 b} 75 BB AN
BRBEUIET FE 5T v (4 57 349 0 A 1] e 52 43 551 kg 73. 9% ~
133.3% 1 77. 2% ~ 128. 4% | AH 5t B 1 I 22 43 51y
2.5% ~14. 1% F1 1.4% ~14.9% , ik 25 R 0L 3% 3
R 4 LIR30 [l i 28 3R J7 vk i HE B4 B2, LA
ST AR [ R B RSD% 8 7 B K5 % B . N
o 0l W5 S 56 235 SR T DL A TR B HE R B RO
BERIFF A IR o BT oK .

23 BB AR [l 56 4%
Table 3 Results of blank chili sauce fotified experiments(% )

W ImoK

s 0.3 mg/kg 0.6 mg/kg 1.2 mg/kg

Mg RSD Mg RSD W RSD
DIAEE S 77.2 2.7 77.7 3.2 83.1 2.8
Tl 1 73.9 8.6 79.3 4.3 76.5 4.8
%P4 B 85. 4 2.5 97.9 3.1 100.6 3.8
Sy 106 133.3 3.3 111.6 9.1 100.3 6.6
Ay HRs 3 119.7 7.4 80. 4 6.1 111.5 7.8
Vinieam| 84. 1 3.7 85.7 11.0 86.8 5.8
Sy s 124 75.8 9.6 85.7 8.0 100.3 11.1
SR 11 124.5 12.0 100.8 11.6 108.6 7.0
Ay HEE 3 129.2 9.4 77.9 1.7 122.3  12.7
Sy R 37 120.5  10.7 98.6 9.0 122.7 11.9
P G 85.7 11.5 94.7  13.9 75.8 8.3
BN 105. 4 5.4 90.8  10.4 98.6 8.7
Xof 37 1 79.2 9.0 75.0  10.5 86.6 11.8
I G 116.2 4.9 90. 1 14.0 98.7 11.1
2R e 41 89. 4 9.7 86.5 13.8 94.8 14.0
piSaAN! 111.3 9.1 113.6 6.6 90.4 8.6
piSerAni| 110. 1 1.1 85.8  13.5 84.2 10.9
IrEE 2 125.9  12.6  120.0 12.9  104.7 8.1
PRher 11 79.3 5.1 87. 4 4.4 82.1 10.1
T4 TB 83.9  14.1 82.0  10.8 82.2 11.2
TP IV 76.5 6.8 76.2 6.1 74.4 3.1
Ji) iz 5 111.5 5.0  122.3 5.2 120.3 3.6
ik M 10 115.8 5.7  128.8 7.7 125.2 3.6

2.5 FEGIE

SR B L B J7 3k X 73 453 DA T I 3K ) SRR
il i (63 123 BAREE A1 10 £ BOBLUIAT ) 25 7 4G I, . A
SRR S Fob 1Oy BUBUGE BE AL G HE 2 PR B

A4 HARTE AR ] i 6 45 2R

Table 4 Results of blank chili powder fotified experiments(% )

K7

a2 0.3 mg/kg 0.6 mg/kg 1.2 mg/kg

g RSD  Wlfgx  RSD  IE  RSD
R 3 78.0 14.1 81.7 10.7 77.2  13.5
i T 87.7 9.3 89.0 7.0 87.6 6.5
%+ B 77. 4 5.2 90.3 6.2 95.8 5.0
A 106 117.7 11.6 93.3 9.0 108.1 9.5
AR 3 95.8 6.9 104.2 4.6 88.3 5.8
SyHLL 1 80. 1 10. 8 91.4 9.1 86.0 8.7
A 124 84.6 9.4  110.7 9.1 87.9 8.0
AR 11 128.4 12,1 122.4 14.9  124.9 13.8
A 3 94.9 6.2 101.7 4.1 89.3 8.1
Ay R 37 99. 6 4.9 94. 4 6.0 99. 8 7.8
B G 86. 8 8.5 83. 1 8.0 87.2  10.7
PiSaa 117.7 13.0 99.7 12.4  119.2  11.3
Xt 37 21 104.8 7.2 103.5 8.6 108.2 9.1
I G 102. 8 10. 8 86.0 12.7 98.3 12.4
R e £ 108.0 13.9 94. 8 12.0  100.6 11.8
ISR 107.5 10.7 99.9 12.0 98.4 11.0
piSEEANI| 91.9 12.1 81.9 13.7 88.5 14.7
ThFHiE 2 86.7 13.2 107.9 14.9 97.3  10.0
PiSREANIII 90.7 8.3 91.3 11.0 80.3 13.1
JFHer 7B 80.0 9.9 87. 4 10. 4 80.5 12.2
pivErANAY 106. 3 7.7 100.4 5.8 98.0 7.1
J¥1] iz 85.6 1.4 82.7 2.2 80. 1 3.1
5 MR 11 107. 1 9.7 89.9 11.8 83.7 13.3

#5735 B BT A A I £
Table 5 Detection results of 73 chili powder and
chili sauce samples(mg/kg)

B i P %P+ B IOV
PR B - 1.3 7.4
(EREZ Tieain) 19.0 2.2 -
A ARt 23 A Tl Yokt

LI (o A

INPHELIV 1 5 BRABCTE o 4G L 0 M 1 F 27 1B B
HARHFE S B R AG HH3X 23 A Je Rk o DB
ARG 45 SR R L £ v S ) T B 1 B AT SR
FEAE PR e 75 8 7 PR U A BT AR ) B i A
R R J7 2 o B 2 Sy B BRARUTE A i B 2B
o7 M0 € 3 PR Pl 3 Ay B R A o 1 R S
e, 3 P

3 g
HT L a6 45 2R AT L, A 5 0k AR R R R A
JEE B4 AL IR 0 T K TR A Al T £ P AR R

T Tl e A9 E PR R
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Figure 2 Chromatograms of positive chili powder in SRM mode
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Figure 3 Chromatograms of positive chili sauce in SRM mode
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Determination of four kinds of pesticide residues in tea drinks by GC
Fu Qiang, Yang Renbin, Liu Shuangshuang, Xu Shuang, Xie Li

(College of Resources and Environment, Hunan Agricultural University, Hunan Changsha 410128, China)

Abstract; Objective A method based on solid phase extraction ( SPE) coupled with gas chromatography was
established for the determination of four kinds of pesticides, dimethoate, procymidone, pyridaben and beta-cypermethrin in
tea drinks. Methods

sample was extracted with acetonitrile, purified by Florisil SPE. The column was Rix-5 (30 m x0.25 mm x0.25 pum).

The effects of extraction solvent, solid phase extraction on the detection were investigated. The

Results
of 0.9994-0.9999. The recoveries were in the range of 88.76% -102. 4% , the relative standard deviations ( RSDs) were

The results showed that the method provided a good linearity for 4 kinds of pesticides with correlation coefficients

less than 5.0% and the detection limits ranging from 0. 001 to 0. 0l mg/kg. Conclusion The method has the advantages

of simplicity, fast and less organic solvent consuming. The method could meet the requirements for the determination, and

it was a useful method for the multi-residue analysis of trace substances in drink samples.

Key words: Tea drinks; pesticide residue; gas chromatography; food safety
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