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Simultaneous determination of 17 food additives in drinks
by ultra high performance liquid chromatography
Liu Tairan, Zhao Haiyan, Luo Rencai

Beijing 100013, China)

(Beijing Center for Disease Prevention and Control,

Abstract; Objective A simple, rapid method was developed for the simultaneous determination of 17 food additives in

drinks by ultra high performance liquid chromatography ( UPLC). Methods After protein precipitation, the sample was

diluted by water, separated on a Endeavorsil™ Cs column (1.8 pm x2. 1 mm x 100 mm) with ammonium acetate (0. 02

mol/L) / acetonitrile as the gradient eluent with a flow rate of 0.3 ml/min at 30 °C. Components were detected with a
diode array detector at 215, 230 and 254 nm,

respectively. The quantification was performed by the external standard

method. Results The method showed good linearity for 17 food additives with correlation coefficients (r) above 0.998.

All target food additives could be separated within 10 min. The UPLC method exhibited excellent linearity over the range of
0.025 -25.0 mg/L. The detection limit ranged from 0. 000 70 to 0. 007 4 mg /L. The limits of quantification was 0. 002 4
to 0. 043 mg/L.

with relative standard deviations ( RSDs) of 0.25% -9.6% .

The average recoveries for 17 food additives from spiked drinks were in the range of 86.4% - 104.8%

Conclusion The analytical method is simple, accurate,
sensitive and suitable for the determination of 17 additives in drinks.
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8 1R OV AE 5 % A C PDA &G I £ ( ACQUITY
2 [E Waters 24 #) ) ; i & 8 3% 4% ( Endeavorsil™ |, 1. 8
pm x 2.1 mm x 100 mm) ; 7KK B . & PR 8% (¥
HPLC ¢, i B 23 7)) s Milli-Q i 27k 4fi b 5 4t (3 [
Millipore 2y ] ) 5 £ iE ( Fisher %%, f47% 46 ) ;0. 2 um
UEMEE (55 B Waters 24 W) ) 3 BS 323 3 #r K -F (12 [
Sartorius 2 &) ) ; HS 10260D #& &= W R 7 #% ( H A&
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220658-76-4 ,ffi [ , 4l B 92.0) ; #E # ( CAS: 860-22-
0,78, 2 iF 97.2% ) ; Mk 15 ( CAS:8004-92-0, 1&
E, 45 97.5% ) ; FR B 4T (CAS:16423-68-0, 3 [H ,
ACROS ); 5 = 41 ( CAS: 25956-17-6, SIGMA-
ALDRICH , Inc 4 i 80% ) ;% #| ¥ ( CAS:3536-49-0,
Fluka, 4lifif =99) .
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e BE 4351 0. 025 .0. 050 ,0.25.0.50,1.0.2.5.5.0,
10.0.25. 0 mg/L (IR G AR MEE W, 22 0.2 pum U8 I
B A AT IE (DD o
1.3 Ff S T4 2

R PR YCRE : FRILZ 8 75 bR S5 AR 5 5,00 ~
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K, 10 min, 7K E 25 2 20 8, 2 3 20 HL
(10 000 r/min) B5.L> 10 min, £5 0.2 wm j 53 &
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BE IR A) G 4 3 B0 L (10 000 r/min ) 5.0 10
min, % 0. 2um (18R AT 38 . O BRI BRI — &
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50 ml 25 &t K GE 45, 28 B0 AL (10 000
r/min) B0 10 min, 28 0.2 pm JE B85 8, 8 8 20K
FHEE TS 2 B o @ R 8% T Ok BRI RE 5,00 ~
10.00 g(f5#i 2 0.001 g ) F 50 ml b &% H, iniE
K 10 min J5 DLAlK & 25 2 20 B 5 4 il B0
HL(10 000 v/min) B 0> 10 min, Z5 0.2 um J§ fi
14 v 50 A o 15 A ) 2% 1

6,38 A ¢ i D5 3% A Endeavorsil™ (1.8 wm x
2.1 mm x 100 mm) ., #:JE 730 C,ErEH 2 wl, i
0.3 ml/min, 3 shAH 20 mmol/L Z a4k (A) flZ,
i (B) FEAT B RE DRI s R U 4 12 A R 1L AL R
254 nm; R HER G FEE ORPRT M 230 nm; ] 47 2
215 nm,

x1 OBEWRME
Table 1~ Program of gradient elution
I} ] ( min) LK (%) LRI W (%)
0 2 98
3 13 87
5 28 72
5.5 35 65
7.5 35 65
8 2 98
10 2 98
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1% 58 WA €2 335 A6 T — 3 A i 19 48 47 B R) B K Dy 40
min 7247, HGF A D o 0 AR 14 B 284 i Bk 7 G By
$r EL R A I R R AN 8 R T T R R
A, T o AR € i v SR BBRE 1Y) R DU AR G 1Y
T 33X 4 ]
2.3 &ML S R
2.3.1  JshAHR R
2.3 1.1 % vl WMk B A 1

TR K I BN 5 e (i hE BBk,
JIT VAT B i A 00 A 0 e e P VR 22 i W, T EL
LR R - LN R T 30 AH AR R 0F T 88 s O8R5 3% L
R A P . TEA S 1Y 1% 2 10 43 5
HFE 10,20 .40 mmol/L Z, R 8% ¥ A7 L5, Kk B
20 mmol/L [ £ & 4% %5 Wi R 0J 3% J2 40 M 7 oK, a3
AT I Bl A T S B G AN B 4 T S B s [R]E
A LA & H bR & W 9 IR B
2.3.1.2 s pH

TS Y pH B B 43 BT 4 1 D B s [ R g T
H—ERM ., INAVKES R JE pH {E R, & 3K R |
W24 R 52 pH (3 W45 K, W& pH {H 19 FEAR, X —
20 43 ) e T B AR B8, B8 B[R] A B ZE 4 .l TR
AL AP AE 4 min S5 TR B R L LU AL RS B A
4 min Fij U, 5 pH (BN BB A, L HY TR R VR
H 2 ) 0 O IR, 56 04 20 43 1 i 5 AR X S
HE UG Y B U b 0 2 T) (R L RT AL L EE R MRS
) AREIR BN S8 A0 B, B 1S pH (AR i o
SCEG AT pH fE 4 R 5.5.5.8.6.0 Fl 6.5 Hf X}
3 B B R TE (1 M, & BRAE pH 5.8 ~6. 0 B, %541
Gy W43 B R JE Je Ry BEARL o FE S A5 L 0
B A ot RS B A SRR A BT, 25 S LI 1 R 2
2.3.2 Rk K kR

FE LT Pl S VS A0 i ] G bR A DU 7 i b #E
A 4 0 K (BRI Bk I A B Y e R A iR
K 4 Bk % B 214 nm " OBERS Bl 230 nm'© B
17 B 208 nm™ 2R F R 230 nm' 1l AL R 230
nm> B 254 nm' % 428 nm | BE 3 4T 254
nm"* J% 521 nm"’ JHAS4T 254 nm™® 2 509 nm " H
PEH 254 nm'®" K 483 nm"’ 25 254 nm*
625 nm"*’ Hi4r 254 nm'™® R PELT 254 nm'" i K

W AE/AU

P 2. 415 min; FEEETE 2. 590min; 45 I iE 2. 808 min; &1
2.879 min; HEZELL 3. 106 min; BHAE 4N 3. 217 min; 5 i 3. 340
min; I ZLER 3. 544 min; S 4T 4. 460 min H 7% i% 4. 660 min;
75 241 5. 080 min; B 57 ELE 5. 151 min; B PE4L 6. 035 min; 5%
W 6. 246 min; B MR AT 6. 482 6. 538 min; JREFLT 7. 026 min; &
F1 % v 7. 889 min

Bl 1 AR i & -254 nm

Figure 1  Chromatogram of Standards-254 nm
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Figure 2 Chromatogram of certain sample-254 nm
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Table 2 Linear ranges,retention times, coefficients, calibrationcurves, limits of detection( LODs) ,
limits of quantification( LOQs) of 17 food additives
A8 45 e e R B T 1 pegy  CHBELODs R LOOs
t/min p/( mg/L) p/( mg/L)

e 0.025 ~25.0 2.415 141 000x — 33 100 0.999 1 0.001 9 0. 006 3
PG o 0.025 ~25.0 2.590 139 000x — 28 600 0.999 2 0. 001 0. 006 3
EL 0.025 ~25.0 2.808 151 000x - 32 300 0. 999 4 0.001 9 0. 006 3
war 0.025 ~25.0 2.879 96 400x — 19 400 0.999 1 0.003 1 0.010
PUE FaN 0.025 ~25.0 3.106 133 000x — 29 200 0.999 1 0.002 0 0. 006 7
kS 44 0.025 ~25.0 3.217 115 000x — 24 900 0.999 1 0.001 6 0.005 3
b 0.025 ~25.0 3.340 130 000x — 29 900 0.999 2 0.001 9 0.006 3
e 0.025 ~25.0 3.544 350 000x - 51 300 0.999 6 0.000 7 0.002 4
i Ean 0.025 ~25.0 4.460 126 000x — 27 300 0.999 1 0.001 9 0. 006 3
H 7% 0.025 ~25.0 4. 660 106 000x —22 900 0.999 2 0.002 4 0.008
L SAN 0.025 ~25.0 5. 080 92 900x - 21 800 0.999 1 0.002 9 0.009 7
oy S8 £ 0.025 ~25.0 5.151 46 000x —7 090 0.999 8 0.003 8 0.013
FRYELT 0.025 ~25.0 6.035 52 200x — 13 000 0.999 1 0.005 3 0.018
= 0.025 ~25.0 6.246 60 400x — 11 100 0.999 5 0.005 4 0.018
W b 2 1 0.025 ~25.0 6.482 32 600x - 5 260 0.999 5 0.013 0 0. 043
s ik i 2 0.025 ~25.0 6.538 6 1 800x — 11 600 0.999 3 0.013 0 0.043
FREELT 0.025 ~25.0 7.026 32 200x - 14 300 0.998 3 0.007 4 0.025
LA v 0.025 ~25.0 7.889 33 100x - 8 410 0.998 8 0.013 0 0.043

FRENER . T 1 4 FIEMRE AT LIS & 1 ~2 20 F il F£3 AR R R E R SRR (n=6)

TR &R , PRI I A bk B8 R A €0 335 25 10 T H 35 0 A 2 1,
A BE A [F] it 1R R TR 5 ¥ . HPLC-MS KB 2 4>
0 3% W 6T 0 14 SBT3 L AR BL, RT3 DA 2 A4 0 i
fBCH s bk B 5 R AR, 45 R R B IR A B I 2k
KR,
2.5 JyiEM L PEEE S A R
2.5.1 Jrikkl R

P17 P IR SR HE R (1.2.2 & T
W) G AT E AT 0 b, AT AR Y X A A 1Y) o
W X HEAT SR T, 15 24540 A W i 2tk a1
T DL 3 A5 15 Me L T 5 O TR R B, A OC R A >
0.998 5 W3 1,
2.5.2 JERERR

e B R AL BT s A 1. 4 g 450, LA 10
s FEZE W B T mE PR L A R AR 2,
2.6 J7 ik Il R 0

B A 0 5 /0 B il S R AR L S ) R TR
BEREIAR = 2 A [E] Ak TR A bR UE T TR
(1.2.2 & W) B FE 5 #EAT 6 Yl & |, [m] B A
2 S FHAT R A HUG 78 8807 B 0 (813 RS
L ERWAERS,
2.7 KT hRAEE TE SRR R

P S5 A B (18 1.2) 202 78 254 nm 2 H)
(0, AT DL FEAS SO B 4 AR 17 RS R ar LA
S SE 4y B, {H 25 B A o B Y R OB
Fe BT AR B 215 nm A Ay B iy B0 3 A A )
WK 5230 nm JU5E 235 R H IR 5 ORGS0 5 LR
) B AE 254 nm B E M E AT .

Table 3

standard deviation test(n =6)

Results of recovery range,relative

Tz

i

P 45 FR (me/L) (%) X 22
‘ 1.0 102.1 ~103.9 0.90
LIEHE 20.0 96.1~101.6 0.55
1.0 93.3~94.9 0.92
PR 20.0 97.3 ~100. 8 0.25
1.0 95.3~99.2 0.31
El 20.0 92.0~96.0 0.96
1.0 86.4 ~ 103. 8 9.60
Hran 20.0 98. 1 ~104.8 0.68
N 1.0 91.9 ~94.0 1.20
i SREL 20.0 98.7~99.9 0.87
1.0 96.9 ~99. 6 1.50
HEA 4 20.0 101.2 ~102.7 0.77
\ 1.0 93.5~97.2 2.00
(3 20.0 101.5 ~103. 4 0.93
L 1.0 90.7 ~92.9 1.20
B 20.0 91.8 ~103.2 0.63
JIE g 1. 1.0 93.2 ~95.8 1.40
20.0 98.4 ~99.8 0.73
1.0 93.6 ~96. | 1.30
A% % 20.0 99.4 ~100.3 0.53
1.0 92.3 ~94.3 1.10
B 20.0 94.1~95.6 0.82
1.0 92.3 ~95. 1 1.50
Bl 3 £l 20.0 94.0~97.3 1.10
1.0 90.9 ~93.5 1.40
MR 2L 20.0 97.1~99.9 1.40
N 1.0 92.5~99.6 0.80
sEik 20.0 93.4~97.6 1.50
N 1.0 86.5 ~87. 1 0.36
LU 20.0 101.7 ~104. 6 0.59
1.0 89.3 ~90.5 0. 70
W B 2 2 20.0 101.7 ~ 104. 6 1.20
1.0 98.3 ~103.5 2.80
i Ran 20.0 93.5~97. 1 5.00
B 1.0 91.3 ~97. 1 1.30
LRV 20.0 91.2 ~95.3 5.6
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M A 7 36 %58 T 3 5% 46 1) e R ORE 2RI Ok
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I [F9) 1 8 WO % A7 P, A s A T RR K E 5 AE
B TS R BT 1.2 A ZH 20 0 DR A e R R A
ZoE AR HER IR A, HoPBR T LA v A, 1
AR 16 Fdl 344 JE GB 2760—201 1€ £ i %5 hin i) 1T AR
FRAE) " SV A ORE H BRI W R ok &
I Rl PR P A O

x4 PR KR SR (g/ke)
Table 4  Food additivities contents in drinks

determined by UPLC

A EIE MR ORRIR IR LB MARa A

1 ND ND ND ND  0.024 ND ND
2 ND ND  0.023 ND ND ND ND
3 0.041 0.011 0.024 ND ND ND ND
4 ND ND  0.019 ND ND ND ND
5 ND ND  0.014 ND  0.015 ND ND
6 0.012 ND ND ND ND ND ND
7 ND  0.011 0.023 ND ND ND ND
8 0.022 ND  0.021 ND ND ND ND

W ND Rk .

3 NG

A SR ST UPLC [m] i 00 5 Ok R 17 s
TGN T7 6 A LAR e 1 S o b R R, ) B
17 Fper it 35 R AL 10 ming HUCR AT T 86 B2 U
PR BE Y, A5 17 FhEs R AR 92 BL T RAF 10 R LRy
B BLAh T UPLC 508 0 8 T Be, ROR e 14
R, B e, UPLC 3 45 %6 43 A i 8] 77 48
FR AR 1 23 BT — OB il T T R B I R R < 3.0 ml,
SERFW] fd ] UPLC [a] if Sz i OB 17 Fof £ I3
JNGAR 7wk, PR AR L E A S, A RAR, &
PEIE R 58 , A 5 M L o o 25 R SN e A ) SR A&
SRR A BRARAS 30 25K, A T AR

3% T B OB E AT R A

5% 3Lk
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