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Wide-scope screening of multiple and illegal additives in foods by high

performance liquid chromatography-high resolution mass spectrometry
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Abstract: A method was developed screening, confirming and quanti-
fying multiple additives and banned dyes in wine, juice and other bev-

erages by liquid chromatography-ion trap-time of flight tandem mass
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spectrometry ( LC-MS-IT-TOF). The accurate and multiple-stage
mass spectrometry database of 41compounds was established. The
analytes in samples were diluted with water-methanol (v/v). In the
chromatographic analysis, target compounds were separated on a Cyg
column (150 mm X 4.6 mm, 5 pm) with the gradient elution using
the mobile phases of methanol and 2 mM ammonium acetate. The re-
sults showed that the limits of detection were 0.005~ 1.0 mg/kg.
The method validation was carried out at three spiking levels, and
the recoveries were 41.2% ~114.1%, with the relative standard de-
viations (RSDs) of 4.3% ~16.4%. The screening of analytes was
performed by precision mass matching and library searching. The re-
tention time, isotopic abundance and multiple-stage ion mass spectral
was employed in this confirmation. This method is simple, fast,
credible and highly sensitive and can be applied to screening both
multiple and illegal additives in foods without reference standards,
reducing the analytical time and improving detection efficiency.

Keywords: foods; additives; illegal additives; screening; high resolu-

tion mass spectrometry
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PEATHEI . B BF R AT IS ] AR I B S (LCMS-IT-TOF) #fe &
T BN A B AT )T R T RE ) L REAE R AT A TR
AR 0 0 7 [ P 3 R 4R 0L 22 2 T W R 1R B A el
A4 1 735 A R T 5 7 A AT

ARWFFE RGeS 41 R A e A AR R i i £
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L11 MRS

10 P A MR AR L H 4 A Ay i N
RRET IRGFLT R B MBI I A R A AR - i
KF=95% 48 Dr. 247 ;

10 R OR AR (22 B 58 L OBEORS 4 L B 2 28 L = SR L BT
B R A A T L A L AR T L T YA I R A
FOARMEY AR F=95% . f8H CNW A #];

21 AR Tl et (ZE M HB o GO MR 7T R4
2GR TESR 50 W B 4 (BRI L1 26 TN AR 40 SXL IR E Sk 5.1
FL SRV RS 87 TR LS (BRME I 1. R4 52,
LRIEE VS LY FRPESE O R MEAE LR TELL 88 MR IE % 4345
WYY - 4l B R T =95% . % [ sigma 27l

L O - il ot P BR 5T 8 7]

HoA R 34k 43 #7415

56 F /K Ry 4K - 38 E Millipore 22 #] .

1.1.2 FEEAUA

WA 3% — 8 7 B AT B ) A B 5§ . LCMSIT-
TOF B, i LC MS solution V 3.6 T./Euli, H AR S EA T

A BETR 2] 2% : SK-1 Y, 5 M WAL (U3 A FRA w5

B0 MBS ML - Sigma 2-16P %I, fi1[E Sigma A .

1.2 REAHZE

1.2.1 AR TAEW WBC W E 6 AR B 10.0 mg OFf i &
0.000 1 @) b it B F 10 mL A7 €6 2% 5 o o FH 8 28 7K e 1
SER BN AR A WO 20 1.0 mg/mL, 4 C Tk
PRAE o 5 U 56 i P 8 0 7K T R o A 2 0 A7 A R T T
BN R VR 2 1) VR s o AR AR

1.2.2 AT B 1.0 mL A F 10 mL 45 &

B PR — KR 1 DRBIFEREZZ I
W 12 000 r/min B0 5 min J5 . FEALEEMHR .
1.2.3 4k @ik . Agilent SB- Cis (4.6 mm X
150 mm,5pm) ; JFish A A:2 mmol/L Z & %% /K i, i s 4l
B BB B B PR B AR )P : 0~ 8 min, 10% B~50% B; 8~
15 min,50% B~95% B;15~20 min,95% B;20.1~26 min,
10% B, # K 30 C; i £ & B R 10 pl, 3 .
0.5 mL/min,
1.2.4  JBUik&fF B IR ESTH B 73 H#E H . MST
m/z 200~400,MS2 m/z 50~400,MS3 m/z 50~400;CDL
TRLEE : 200 °C 5 i #8485 ol B2 200 °C; T HS R E I
100 kPa; ZZ AL - 1.5 L/min; & T E: —3.5 kVi k%
WL E 1.6 KV 5 BT BB ME J7 - B 3 W IR 1k L L Sh
FRIERUE BT 5. &5 20 BRI R R R 4t LC-MS solution
V 3.6,
2 RS0
2.1 BUALIESUGMIRIL

S g I B AT W AE R BORN A R T B A
FE— KB 1 DR B)G  EHEAE . 38  inas =56
R AEPEACS P, J8 R i 2 KR P £ 3R LA R
B IR B R 0 B L B A B R E AR . VR A AR
R RX 0 R AL A — W R T EL [l i R AT 5 2R Tk A O
0T R 43 €0, 3R W BT A FH s /0 o X IR B 20 BB — s 1 I AR
FHBUR A F) 50% L b R ICOR AN O i 08 25 3R BOR
TE 12 000 r/min =B O 5 min J& . B E B EEIEEE.
2.2 BIE—FRITEGERL
2.2.1 IS SIERERE FRI K MR E R R ol Jok R
o R VEAL G W, R T ARAR R R A R R R R
B, B TEFMMNE NS Fa8W P eSS ik
T T AR AT 2 30 i AR R B 2 TR e VR O A B AR
AA B EH AR AE SR B PR B R B L B L A g
& 3 i BT e L IE A 2 A AR B BRI B . e T
LT A W e B XS S IR A 5 i B ) 5 ) L 35 FH Y 2 TR B A vk
BE4r 52 0,1,2,5,10,20 mmol/L, 53R R W], 25 3 47
AN R B B R i Wk BE AT 3 28 H AR Ak & W) 1 (03
WETEAERE i M0 pH B W R, B F AL ROR A AR, [A)
e J5 935 U o7 1,558 5 2 TRV S A T AL 2 mmol/L 1 R B«
S5 FRRE W R AF S A5 L A BEAR ; B 2 TR B T R A I 3
TRV VR R 1 S T R R A B B K (R R AT BT A SR
BERCT B B R R B M58 7 R M2k 9 AR 41 AT B L o
BRLL OB R M55 T REIL A W, 0 3 4 50 B 3 )
AH T % b b e B SRx B RR A B 0 v B A L A T
A WA LA R AT . W A o R A T o R 0 2 b R A
G TE A0 35 43 B B o €0 3% A b LE R BT 1 R B ZE L K
SRR, MR EHE LT 2 mmol/L Z & 4
2 mmol/L Z MR —H R .2 mmol/L Z R — ZFRFR 2% wh ik
R0, 45 R W] FE B LR L i Sl AR R B
TR R IR SR E AR T B Tk, LR G % I8 AR
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EMHREIRZEVD R ZRE R EFEEWLE L. [ 7aiik
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2.3 BB

B O 1 20 8 38 A7 A 25 28 TS A T R R 2 BN
BT ME LIRS T B . H A O A 3 B IR TR R X A A
OB SEARE S B R K (R L 10 D R
B AT HEATIE 2 020 BR . B UL 2 A% B AR W R
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Am Tof ot e ST U VS 114 45 5 e ot LT 34 4

AS b v R SO 5 0 i BT B4
2.4 EHRERWHIE

IR LA 25 PR T Xt SRR AR B R AT 40 T TR AR 1
155 43 HE % B4 3 3 MetID solution i 75 % {4 AR 4% 1k &
W VRS G R AR AT B Bl DG B S R O A 2B ) Sy BH Pk 4
2 2 EEE A WA AR A T O A T
AL G W TR = B R BT S bR A A Y D
BEHEATIRAE . H AR AR 5 R — AN TR RO R & L AT LA
TR0 E b7 i 432X R o 5T 5 B0 08 R e ) ) B 22 R
T B — YRR, B AT SE R A LS W T A . R BT A
0 25 7 15 R 85 A2 AN T SRR A 0 O R 6 41 B SR 0
VR 5 B8 0 0 64T A RO A R 0 P o L 4
PEATEIA . B 1.2 3 5 Sy BB 0T b B R Y B ECRT TR
E N2 9T
2.5 LRMTEE.EMMERHR

R 94 75 5 A 45 0 1 o 7 5, 55 L 1 — 2R B ) o B P TR
AR e TAE VBT 2 BT 5 LA AS R 0 401 43 1) 0 TG R (X0 X 2
R CY) 2 il b o il R L A9 B0 A5 15 0 4 43 A 4R el 13 O
FILE T A 2 R B0 A bRk 8 o B F 1R 40 B 56 IS 11 42 BUKS
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Figure 1 The extracted ion chromatogram of Aspartame
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Figure 2 The multi-level spectrum of Aspartame
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Table 1 The Formula, retention time, accurate mass and the main fragment ions of 41 compounds

o i AET m/z iR 2/ ﬁ%qﬂﬁﬂ/ § m/z _
BLBTg el MBI (pg* mL™1) min TR BT SRR ET

B IR IR A [M—H]~ 337.077 6 337.076 2 —4.2 2.610 277.054 7 157.015 1
Frig i [M—3Na+H]? 232,994 5 232.992 5 —8.6 3.024 211.001 1 170.997 8
ETEAN [M—2H]? 271.486 2 271.485 6 —2.2 3.045 231.509 6 178.988 8
PUESAR [M—3Na+H]?™ 267.983 3 267.983 8 1.9 3.064 228.006 0 206.007 8
TEE [M—H]~ 161.986 7 161.988 0 8.0 4.368 82.033 1 —
K Bg 21 [M—3Na+H]? 267.983 3 267.982 7 —2.2 5.152 206.006 4 79.958 9
A 4 [M—H] 181.991 7 181.992 1 2.2 5.629 105.964 2 69.583 2
25 o [M—H] 312.977 2 312.977 8 1.9 6.170 233.021 0 173.026 1
R [M—4Na+2H]2~ 388.491 1  388.492 9 4.6 6.430 379.483 4 339.508 1
W Ik 2 [M—2Na]?~ 215.489 0 215.489 3 1.4 6.710 183.517 8 161.527 3
B G [M—2Na+H] 407.001 3 407.002 4 2.7 7.345 301.954 1 237.993 2
H % i [M—2Na]? 202.997 0 202.996 4 —2.8 7.353 171.004 6 107.047 5
it % [M—H] 178.054 3 178.055 7 7.9 7.629 79.962 1 —
ks 7 [M—2Na+H]~ 521.044 2 521.043 8 —0.8 7.695 358.980 0 —
Vit 3an [M—2Na]?~ 225.010 1 225.009 4 —3.1 8.601 217.498 9 203.498 6
Rt 4L 2G [M—2Na]? 231.507 8 231.506 6 —5.2 8.678 178.987 8 157.970 9
W% 1t 4% 50 [M—H] 553.110 9 553.111 8 1.6 9.651 473.155 2 443.120 1
=3 [M—H]~ 395.007 3 395.009 0 4.3 10.361 359.030 1 —
IR 7 25 [M—2Na+H]~ 763.1459  763.150 9 6.6 10.535 683.180 2 603.234 1
fii 41 26 [M—2Na+H]~ 435.032 6 435.033 5 2.1 10.687 355.075 0 337.066 9
i A 4 SX [M—2Na+H] 435.032 6 435.031 5 —2.5 10.687 355.074 4 198.024 6
MR ELL [M—H]~ 457.017 0 457.018 9 4.2 10.758 377.059 9 297.102 6
A [M—2Na]*~ 373.071 9  373.071 2 —1.9 10.794 333.093 0 170.007 8
FR L% 5 [M—2Na+H]~ 373.0719  373.074 1 5.9 10.797 341.087 3 170.007 7
o] 357 £ i [M—H]~ 293.114 1 293.115 2 3.8 11.263 261.088 5 217.098 3
[IEFANRIN [M—2Na+H]~ 449.048 3 449.045 2 —6.9 11.511 369.088 5 351.084 1
WHE [M—2Na+H]~ 331.061 2 331.058 6 —7.9 12.567 287.073 8 243.086 5
iR M B [M—2Na+H]™ 571.034 7  571.033 2 —2.6 12.636 507.070 9 357.041 5
R 141 87 [M—2Na+H]~ 646.699 3 646.697 7 —2.5 12.627 522.782 3 441.869 2
AR 1 [M—Na]~ 543.162 9 543.159 9 —5.5 12.700 463.204 6 419.142 6
R B R [M—H]~ 821.396 5 821.394 0 —3.0 12.968 351.055 2 193.036 3
B 3 it [M—H]~ 330.149 3 330.150 7 4.2 13.105 312.139 3 295.113 7
i 41 52 [M—Na]~ 557.142 2 557.137 4 —8.6 13.213 477.182 3 433.117 5
Rk W 3 455k [M—0.5Ca+H] 559.157 8 559.156 3 —2.7 13.238 479.199 6 435.137 2
IREELL [M—2Na+H]~ 834.647 8  834.648 2 0.5 13.274 662.745 1 507.848 4
RS 9 [M—Na]~ 701.155 2  701.159 3 5.8 13.479 621.195 0 260.048 9
FRIER 1 [M—Na]~ 327.044 5 327.043 4 —3.4 13.861 171.003 0 107.044 1
it 41 88 [M—Na] 377.060 2 377.060 7 1.3 15.035 221.015 8 157.054 2
iR 1 4 43 [M—Na] 409.054 7 409.054 1 —1.5 15.171 328.096 5 310.085 7
ikl [M—H]™ 377.208 2 377.209 8 4.2 15.677 345.181 0 230.158 8
35 1 [M—H]~ 803.370 3 803.366 6 —4.6 16.150 641.313 1 479.262 2
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Table 2 Linear ranges, correlation coefficients (r?), method detection Limit (MDL), average recoveries and

RSDs of 41compounds in wine (n=6)

- L AETLE/ . WK/ - #[m] RSD/ % MDL/
(ng» mL™ 1) (mg+ kg™ 1) e/ % (mg+ kg™ 1)
0.05 86.0 5.9
£/ N (1 1
1~100 0.990 1.00 79.5 13.8 0.010
BT
2.00 80.2 8.9
0.50 44.0 9.7
e 10~500 0.989 1.00 66.1 11.2 0.200
2.00 65.2 14.1
0.50 50.9 9.2
e 10~500 0.992 1.00 65.5 13.1 0.200
2.00 71.2 13.6
0.50 50.0 10.5
B R LT 25~500 0.994 1.00 62.1 9.8 0.400
2.00 61.2 16.4
0.50 55.7 10.0
NI B 21 10~500 0.993 1.00 63.0 12.6 0.200
2.00 77.8 9.2
0.05 82.0 6.4
EE 3 1~100 0.998 1.00 86.1 9.3 0.010
2.00 104.1 12.2
0.05 47.7 9.0
WA 4 1~100 0.999 1.00 61.5 9.4 0.010
2.00 63.6 11.5
0.50 62.1 5.5
E i 10~200 0.997 1.00 66.8 9.9 0.100
2.00 62.8 6.3
0.50 44.8 6.0
g 10~500 0.991 1.00 61.4 11.2 0.100
2.00 91.4 9.2
0.50 41.2 12.1
1 Ik 2§ 10~500 0.997 1.00 54.6 8.5 0.200
2.00 69.1 10.0
0.50 80.0 13.7
B G 10~200 0.993 1.00 70.5 11.8 0.100
2.00 82.7 9.6
0.05 59.6 8.8
H 7% % 5~100 0.994 1.00 65.9 12.6 0.050
2.00 78.4 8.1
0.05 69.2 11.8
Hiag % 2~100 0.994 1.00 71.3 10.3 0.020
2.00 88.2 9.0
1.00 107.4 11.4
R4 7 100~1 000 0.993 2.00 106.5 9.4 1.000
5.00 109.5 11.6
0.05 60.2 8.7
ita3an 1~100 0.995 1.00 69.7 12.0 0.020
2.00 73.3 11.3
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- L AETLE/ . K-/ T2 [m RSD/ % MDL/
(ng* mL™1) (mg + kg™ R/ % (mg + kg™

0.50 97.5 10.2

R 2G 20~500 0.998 1.00 113.7 9.8 0.200
2.00 111.1 11.8
0.50 103.5 12.0

Ji% 1t 4% 50 20~500 0.999 1.00 95.1 9.7 0.200
2.00 102.5 10.6
0.05 70.7 4.3

=R 3~100 0.994 1.00 94.7 8.4 0.030
2.00 87.9 6.1
0.50 77.9 6.5

R A 45 20~500 0.998 1.00 93.1 8.0 0.200
2.00 114.1 12.2
0.50 95.5 8.5

41 26 10~500 0.992 1.00 96.8 6.3 0.100
2.00 96.3 12.4
0.50 59.5 11.9

[[ESEANS).S 10~500 0.999 1.00 63.8 9.5 0.100
2. 00 64.9 10.4
0.50 91.7 8.2

MR ELL 20~500 0.998 1.00 97.1 5.7 0.200
2.00 101.3 12.5
0.50 55.9 7.7

=ik 10~500 0.991 1.00 69.6 8.7 0.100
2.00 75.6 6.5
0.50 55.6 12.1

Jig 1 4% 5 10~500 0.998 1.00 72.5 10.3 0.100
2.00 89.0 8.6
0.05 67.7 13.6

] 34 £ 1~100 0.993 1.00 80.2 8.0 0.010
2.00 94.5 6.4
0.50 92.5 4.4

B4 3R 10~500 0.994 1.00 95.7 12.1 0.100
2.00 93.1 10.0
0.05 51.6 9.3

DL | 5~500 0.998 1.00 87.6 9.9 0.050
2.00 88.0 6.3
0.50 74.5 10.9

iR pk 21 87 25~500 0.995 1.00 92.4 7.5 0.250
2.00 93.3 11.1
0.50 64.3 10.8

TR B 25~1 000 0.995 1.00 90.3 9.0 0.250
2.00 88.4 11.2
0.50 80.2 9.1

TR 1 10~500 0.990 1.00 85.3 9.9 0.100
2.00 104.4 10.8
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232
- LAETLE/ L TR K S/ %i’?@ RSD/ % MDL/
(ng»mL™1) (mg » kg™ 1) &/ % (mg *» kg™ 1)

0.50 95.3 7.0

R B R 50~1 000 0.995 1.00 107.4 6.2 0.500
2.00 88.7 4.4
0.05 95.5 9.3

Bl 3 1~100 0.999 1.00 102.2 8.5 0.010
2.00 101.2 6.6
0.05 90.6 10.5

BRIk 4L 52 3~100 0.991 1.00 87.8 9.8 0.030
2.00 110.6 11.3

T 0.05 89.6 12.6

SRV A g 5~500 0.993 1.00 89.5 9.2 0.050
2.00 99.6 10.5
0.50 66.2 11.8

TREELT 50~1 000 0.996 1.00 79.9 11.0 0.500
2.00 85.0 5.8
0.50 48.5 7.3

R4 9 25~1 000 0.999 1.00 53.7 11.4 0.250
2.00 70.3 10.1
0.05 74.2 10.7

R 1 1~100 0.998 1.00 88.0 11.5 0.010
2.00 102.9 9.3
0.05 61.1 12.0

FRYELT 88 0.5~10 0.993 1.00 82.4 8.4 0.005
2.00 92.5 11.2
0.05 71.2 9.2
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