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Simultaneous determination of 20 food additives in beverages by ultra
performance liquid chromatography
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ABSTRACT: Objective To establish a method for the simultaneous determination of 20 kinds of additives in
beverages by ultra performance liquid chromatography. Methods The separation was achieved on a XBridge Cg
column(5 pm, 4.6 mmx250 mm)in 15 min by using 0.01 mol/L KH,PO,(pH 4.8-5.0 and acetonitrile as mobile phase
with a flow rate of 1.0 mL/min at 35 °C. A diode array detector was used to detect at 210, 230 nm. The quantification
was performed by the external standard method. Results All the 20 additives had good linearity, and the correlation
coefficients were all greater than 0.999. The limits of detection were 0.3—10 mg/kg, average recovery rates were
81.50%—-110.20%, and RSDs were less than 5% (n=8). Conclusion This method is sensitive and accurate and is
suitable for simultaneous detection of 20 kinds of additives in beverages.
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VAR, ASARRE IR AR, 20 R R R IR A
TR SRS AR RS I R AR A, B S N L
EHREMMEAG, & ORR B RN T TR
IAEE Sh A2 A sl AR R . (RAT VR Z VRN )
XAEHEA —EMEE, kil KZHER N aRn
SN, AR, 388 2ok JH R R A HE A,
TCIE G I B e BEEAS IR, T E SRR,
FEYORI BB EE | Y L S SN, B R B,
PRI AR BT, AT A AR, X H Az
RG . WL RGE S R E . AR TR 2 %
A, SEE BN AR . KRR AT 5 5 R
WL Sk B NSRRI S Ah, B A
B 7 EREVE R AT 3 A RN AR, AN IS TR N
W2 bR iR EAL,

EIVAOMETY  ALE . PUHTELER . IR . MR AN, K
R, L3RR . A LR . RIS, FRRa . MARLL.
VESRLL . HEKWE . M. IR WIHER . xR AR
PR F R . X PR DR R TR % 90 R Y R AT R 0 %
AR T 62 GB 2760-2014 £ & U I 6 FH A ofi ) 1)
WA DLTE A o R T A 20 AR INSR . B R e Esm
3 B 5 b o BRI 2 A BN, X A — R S
AN TRIZEL 53 B9 A 75 6 32 22 R AT Ak B R 3 R A S, B e
1, BB, YRkAEREERER, NG EEE A
N B AR HE, Jo R MRk TR . 534, BT
A B BRI A I 2 SRR N A o H e R Y, (B[]
—INRERY B ARSI CRE [R] 2 3 50 . B I . pidAb
FNTEIR A 8 AN, % 8 M= & Hom R &= 0 iz f
S 1, AFFE GB 2760-2014 YR, B [ it 6 £
Tl B i V3 0 590 B 25 5 I o A o D T AT R R R
J&%{Y (ultra performance liquid chromatography, UPLC), #f
A EAEN RGE Y RO E M, AR S AR B R Ak,
P 12 R [ B B AR A I A o % T, ASBESE ] UPLC
7B AT LA [ B 2 OB Y 20 g S S I ) 048 S AOR
AHAELTE A B 5, 4R 1 R0 ) A0 28 I R (IS I B A, DA A
B T A R AL R OR S, R S AR P& T
R o

2 MRS

2.1 NF{EERE

ACQUITY Arc UHPLC, 8 mR0RKHH (75U E PDA
g . Cs (354 (XBridge, 5 pm, 4.6 mmx250 mm, 3%
[E Waters 2 7 ); Milli-Q #84li /K itk & 4t (3% [ Millipore
23 F]); METTLER TOLEDO 43 M7 K- [ 145 8 - 36 A 24X

P CEH R T]; SB 25-12 DTDN M 75 B VEHL (T %
B Z YRR A BR 2 Rl ); IKA @i i 2 &= [ )X
AR, STS B HL[FE R KR BHE (h DA
BRI 0.22 pm & IR i B (R HETIT HE S 52 56 15 45 45 PR
NG

22 MRI5EF

LRE . WG . R RRAILALER . BRIk . R
20, BESRLL. HYEE . M. R ERHRRAER
Be); WiE R (P R R 2 R E BF AT B ); A £ R (cato
research chemicals inc). WHENZL . FHZGHEF . 4ldt. By
B, XERETEHRE NS . WREIEH RO . X
RHERTIER . W2 EEIRH R T B (stanford chemicals) .
iR A (g al, B AR A R A FD, B
B, N (Bigal, f8E Merck AH); SZIG /KK A
Milli-Q 4li/k &4t .

23 TWHE
231 ARERREH &

T B AR DG it [ ARAR 1 & F 50 mL 25 B, Hop
MNMEDS . BTHTELE . AR, BRELL. MRRLL. SEsgLr.
EHAGHETT . A LR . MR R P A . MR
M2 2 TR . % 2 5 2% H R DO TR R0 GF 5 R O IR T R T A
1.0 g/L BIARUMERE 400, 7205 . Bk, MBRLr . frigie
Bt B 0.5 /L A v fith 45 T o W JBUSE 110 s i 75 YA B L
b S B B bR HEAE 2 W (R L R R L ILAYER . b
KE W), FHKE 28 IR A bRl R, i FF I P K 3% G
A ER BN bR AE T
232 HsEaE

(1) BRERREL. A5HR}

TERRFREL 2.5 gCRSHZE 0.001 g)ilFET 50 mL ¥ 255
LA, MUKY) 20 mL, WHERS), B 20 min, BURFER
F 25 mL FERh e AR, WA, BuE = By
0.22 pm JEME, FRBAREIEIE .

(2) SRR SRR OoR

WERRIFRIZ) 2.5 g (RS E] 0.001 g)ifkAET 50 mL H.3€
BDAEH, K2y 20 mL, WEERS), F 50 °CRIEHERA
20 min, ¥ Z 5 R E T TR (106 g/L)2 mL A1
R WI(220 g/L) 2 mL, BUBHERZE 25 mL K hHH A I
ERBZIE, B4, T 8000 r/min B5.0> 5 min, BOER Bl
WAL 0.22 pm WEME, FRVBORE I E
233 &Lt

OgEA:: C g (i (XBridge, 5 um, 4.6 mmx250 mm);
FLBIAH: C 4 0.01 mol/L Bz — A H/KE, D G, it
FEARAL 5 ul; #3835 °C; % 1.0 mL/min, R,
B 8O M (ultra pressure liquid chromatography, UPLC).
BERE VR AR L 1.
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31 BEERHFAMmRK
3.1 Gyt

H R S s 4 M £ BER A C g ikl Avs
Iy %557 waters XBridge Cig(5 pm, 4.6 mmx250 mm)Al
Symmetry Shield RP18(5 pm, 4.6 mmx250 mm)%f H#3fb&
WA BEaR . 4530, #£ SymmetryShield RP18 4347 4L
e, MERAARAT G I 0 25, K i R0 AR AR 21 €5 1 0 43
B i, ek S PG R 7 5K o XBridge C g 1%
FEFRIETEAREE HAFR, Fcm B B REAT, 15 min P52
FiAT i E AR o3 2, Al R PRE ARSI T oK o PR ERE waters
XBridge Cy5(5 pm, 4.6 mmx*250 mm) &R T .

F1 BELBRERE
Table 1 Gradient elution schedule

TR A3HUTE 1L /%
i} [Al/min BB £k
C D
0.00 97.5 2.5 2k
3.00 70.0 30.0 itk
6.00 60.0 40.0 i
8.00 50.0 50.0 2k
11.00 30.0 70.0 itk
13.00 97.5 2.5 &bk
15.00 97.5 2.5 E

3.1.2 AhAaeykEL kL

AR AN NG R v R R R R SR IR 2
PRE I, el IR, SRR RR S0 ik R 4y
BRI EIE RAT . FRRAEAR R R A R, SR
A FIr R RS, WIS KAE 190~195 nm,
L FA AR 20 nt™, I FLRHAG B B0 B R KR 210,
HOEPEREIR — S OB R sh A R . B 20 Fh
AV PEARZE R, T AR FHRA B Ve A T2

FET E S G (678 S5 /4 2 S5 1545 0.01 71 0.02 mol/L [
A MR TR, 2 a X a kH
0.01 mol/L MBEMR — S B A N REWE 2 Pk, hg
ST Y
3.13 ARyt

FZEL T 30,35 140 CCHEXT 25 20 43 1Y 43 B R3UR
LB R BIREE AR TR ARk, 25 4L B AR BE B ) A P AR R
KEGAAL . AR 30 °CHY, BRYELT FIZE, AARLIFIH
EHH I ES; 40 °CHEFHT B FIBR L, B M

MAFHARESE 2 . HEER 35 °CH 45 414 PG TR AR B
FLoy s By, WOk B AEREIR R 35 °C.
3.1.4 Hwlkk

K F] PDA Kl g8, 7E 190~700 nm 3 [ 4% 20 Flfk
AP HET T AT, ARYE 20 R 43 S IR
KA AR SRS BROR, 145 210, 230 nm /AN
Ko B4 LA 2 P A SR RO B K e K
bR e BA T . AlEeE B KN 210 nm, 7
W WRLT . WAEE . MARLT . HYEEE . AR, ok
L RRPELL . 52l . ZEH IR . INAYER . YRR iR N
AL . MFEERHROEE . M RIERHRNE . X
SRR T BRI E S %K 230 nm.
3.1.5 FikEH

FEAH RS2 56 2544, ORE AT REAF7E 16 JL A 3 WL £
ARSI AR . SERER . T R AR, H I e A R
R Y i BT R O O R R S PR AN 77 B i A %
AR e Ry 315 nm™) R IR TR E .

PIARAR Y €635 25 % B AR 2017 OAE (03 4 85, 5K
B HH, 20 Fh B AR AT KA SE A 0B 48, 7E 15 min N
AR R S o B OR, WIE 1.
3.2 FAENZMEESKHR

I 20 FPe IR G ARHER W, HeA T b7 4 BT,
DI TR Y XERREER Ik B X AT e, 3514510
Y RE R DL 3 HEME S R R, &
R 2. NE 2 ATHH, BHMERFRIELR, HIXR
BIIRT 0.999, KRy 0.3~10 mg/kg.
33 FEMERESHEZE

PEBURBEITORE . BB IRE . FLCRHFI S R} 4 Fhas
FISETRFE L, FREEIEIIA 3 AACERIARHEIR W, 25 8
ASEAT, TR 2 A28 AT, kA fUE, TR RieR
AN bR 1A 2 (relative standard deviation, RSD), Z53R L
F® O3, LW R RN, KU T E Ik K E
81.50%~110.20%, FXIRIEMZEL/NT 5%, IG5
R RV 3 R L S PRRE ARG I A B A R, AT R Y
CIET2:

4 % B

AHIE 5 P e R AR € 3% B Rl ST 22 A TR IR A
BRFRYORE . RBE T UORE . ZRUCRERIZLECR R 20 Ff e
Al AR 9 04 D5 3%, A A WAl AE 15 min A 52 BEAR
A o 2SRRI A REE, MERR, EILELT,
AT RRERYORE . RBR T UORE . RO FLEOR 20
ol ot TS 0 0 g A I R, TEAR KRR B T
TARRCR, WA TR, ARt T A
RO T B
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Fig.1 Chromatograms of standard solution
Fz2 20 MRMAIMEESHSKTHIR
Table 2 Regression paramters and detection limits of 20 food additives
g &Y f B Al /min - £R 4 TE Rl /(mg/L) LTy e P30 6 HH B /(mg/L)
1 ¥y 168 ¥ (tartrazine) 423 1.0~40.0 Y=5.90e+3X-2.22¢+3 0.9995 1.0
2 T 3E 21 (amaranth) 439 1.0~40.0 Y=1.67e+4X-6.92¢+3 0.9998 0.3
3 4 3% (acesulfame potassium) 4.82 1.0~40.0 Y=1.82¢+4X-6.22¢+3 0.9995 0.3
4 MG 4L (ponceau 4R) 5.00 1.0~40.0 Y=1.65¢+4X-8.06¢+3 0.9995 0.5
5 H 7% # (sunset yellow) 5.18 1.0~40.0 Y=2.35e+4X-5.29¢+3 0.9998 0.3
6 41 (allura red AC) 5.45 1.0~40.0 Y=1.67e+4X-4.09¢+3 0.9998 0.3
7 W Al (caffein) 5.65 1.0~40.0 Y=8.43e+3X-1.85¢+3 0.9999 1.0
8 B 447 2 it (aspartame) 6.08 1.0~40.0 Y=5.23e+3X=3.93¢+3 0.9997 3.0
9 FR 14T (azorubin(E122)) 6.24 1.0~40.0 Y=1.50e+4X-3.68¢+3 0.9998 0.4
10 2% (brilliant blue) 6.40 1.0~40.0 Y=4.98e+3X-1.29¢+3 0.9999 1.5
11 2k F iR (benzoic acid) 6.74 1.0~40.0 Y=2.21e+4X-7.05e+3 0.9999 0.5
12 1L1%LPR (aorbic acid) 7.48 1.0~40.0 Y=2.13e+4X-3.89¢+3 0.9999 0.4
o 4 JHL 5 FH iR FH e
13 R HER T T A 8.51 1.0~40.0 ¥=5.63e+3X+6.17e+2 0.9998 1.5

(methyl p-hydroxybenzoate)

14 JIit &0 . FR (dehydroacetic acid) 8.80 1.0~40.0 Y=1.72¢+4X-1.85¢+4 0.9996 2.0
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k2
P &) PR ER ) /min - 2R PESE I /(mg/L) AMorte LSS () A6 i R /(mg/L)
15 EH A BT (stevioside) 9.41 1.0~40.0 Y=1.13e+3X-4.78e+3 0.9997 10.0
16 41 #f (neotame) 9.59 1.0~40.0 Y=6.22e+3X+2.24e+2 0.9999 3.0
2 L3 R 2,1
17 HFR AT L L 10.15 1.0~40.0 Y=5.35e+3X-1.07e+3 0.9999 2.0
(ethyl p-hydroxybenzoate)
18 IR#ELT (erythrosine) 10.52 1.0~40.0 Y=7.37e+3X-6.14e+3 0.9997 3.0
2 L3 R A s
19 R T R P R 11.70 1.0~40.0 Y=4.73e+3X-1.33e+3 0.9999 2.0
(propyl p-hydroxybenzoate)
R L 7] b
20 RIS T 12.96 1.0~40.0 Y=4.76e+3X-1.91e+3 0.9999 2.0
(butyl p-hydroxybenzoate)
R3 FEAT 20 FRM A EIWBEER TS E (n=8)
Table 3 Recoveries and accuracy of 20 additives in samples (7=8)
FEA DA e S 5 A 2| A
s — okt Rk ROkt Tk
/(mg/kg) /% RSD/%  [WHKHE/%  RSD%  FIUCES%  RSD%  BHCE%  RSD/%
5 99.82 4.1 94.28 1.8 97.30 1.6 102.04 2.1
¥r45 ¥ (tartrazine) 10 104.92 2.9 89.94 1.0 95.52 1.3 100.07 0.8
20 102.33 39 95.36 1.6 100.18 2.1 105.49 1.1
5 95.80 22 101.22 2.3 99.20 1.8 105.82 1.4
W% 41 (amaranth) 10 101.15 0.9 106.37 1.3 97.14 1.0 105.96 0.8
20 102.40 3.7 102.22 1.1 101.47 1.3 104.62 1.9
5 95.02 1.8 89.12 0.7 101.80 1.7 103.42 0.4
wAkE (acesulfame 106.08 0.9 81.50 0.4 99.47 0.9 97.73 0.2
potassium)
20 101.99 3.8 83.05 0.5 103.45 1.0 103.16 0.6
5 93.82 0.8 103.58 1.9 101.76 0.8 104.60 0.7
K54
L 10 104.85 0.8 100.05 1.3 99.46 1.1 100.53 0.5
(ponceau 4R)
20 102.55 34 103.04 1.7 103.67 1.2 104.81 1.3
5 92.00 0.5 95.52 1.4 110.20 0.6 105.46 1.4
% i
H& 10 102.59 1.0 93.93 1.1 103.27 0.9 104.55 0.4
(sunset yellow)
20 101.98 2.7 97.77 1.5 103.78 1.2 104.62 1.1
5 91.92 0.5 97.50 1.9 98.86 0.5 99.56 25
VRLL 10 105.17 1.9 96.28 1.4 98.53 1.1 97.54 0.4
(allura red AC)
20 102.93 2.6 100.62 1.9 102.56 1.3 101.94 1.2
5 101.30 2.9 98.34 1.3 91.28 0.4 98.42 3.6
- A
IUJ[]H:H: 10 105.79 1.4 96.75 0.7 88.43 0.4 103.54 0.2
(caffein)
20 105.36 2.5 101.25 1.1 90.02 0.4 103.90 0.6
5 89.28 1.2 104.00 1.3 99.26 2.0 100.68 33
H)
b 10 105.79 2.8 105.71 1.3 105.67 4.5 99.67 0.8
(aspartame)
20 92.54 1.8 102.72 1.3 99.93 1.8 99.98 1.1




52 MRIEZE, S B RSO (i 1 TR I R OB 20 g dh s ) 505

HR3
. . 2RO AN i lis oA e | Sk ey
s VI N ST OR TR R} ALk
Amg/kg)  [lg#/% RSD/%  [IEHE/%  RSD/%  WIHE/%  RSD/%  E/%  RSD/%
5 101.46 0.5 95.74 1.7 97.74 0.7 98.94 0.2
By
M&’I 10 97.78 1.8 94.69 1.3 95.31 0.7 96.82 0.4
(azorubin(E122))
20 101.88 1.6 100.36 1.8 99.62 1.2 101.49 1.2
5 95.20 1.8 94.30 22 100.56 2.9 99.74 0.7
oS
_Julin 10 98.48 2.7 92.87 1.8 96.43 0.5 96.16 0.5
(brilliant blue)
20 104.55 3.2 99.26 23 98.69 1.5 98.78 1.2
5 95.94 0.7 98.98 0.9 97.46 0.9 99.226 0.4
ZKEFM . 10 93.87 1.7 95.51 0.6 96.57 0.6 95.90 0.1
(benzoic acid)
20 100.14 0.9 101.86 0.8 100.90 0.8 100.49 0.9
5 94.72 0.8 104.20 0.3 97.80 0.8 101.68 0.3
F iR
m_*ﬁ&, 10 94.99 0.4 106.69 0.3 97.60 0.8 100.09 0.3
(aorbic acid)
20 100.52 0.7 97.01 0.3 102.41 1.0 104.80 0.8
s 5 96.96 2.4 94.22 1.5 95.10 1.4 95.96 1.1
X FRHOR R
FIfiS (methyl 10 93.57 0.8 94.54 0.7 95.56 1.2 95.05 0.4
p-hydroxybenzoate) 20 99.92 0.8 101.78 0.9 100.27 0.8 101.59 0.7
5 93.46 2.8 97.64 23 95.16 1.4 101.02 1.1
e
HR%LZ‘@‘ . 10 91.30 0.6 95.06 1.4 95.17 23 97.39 0.5
(dehydroacetic acid)
20 98.95 1.0 101.85 1.4 100.32 1.4 103.61 1.1
5 95.44 3.2 100.72 45 97.12 33 103.22 4.8
fﬁ%_*’?ﬂ‘ 10 94.45 1.7 98.27 1.9 96.41 2.4 101.50 1.4
(stevioside)
20 99.46 1.3 101.57 22 100.75 1.7 103.80 1.8
5 85.90 0.8 90.60 2.0 89.58 1.0 94.30 1.6
4 Fft (neotame) 10 83.55 1.4 92.89 1.9 93.67 0.9 93.88 0.5
20 90.59 1.2 100.03 1.8 99.17 1.1 100.88 1.0
T 5 96.72 1.8 98.68 0.7 96.68 1.3 100.04 1.0
XFFE SR R
ZFS (ethyl 10 93.81 0.5 97.12 0.8 96.76 1.0 97.29 0.5
p-hydroxybenzoate)
20 99.23 0.5 101.33 1.2 99.91 0.7 100.75 0.3
5 96.02 4.0 96.32 23 104.84 0.9 94.70 2.4
gy
ﬁ}’l, 10 95.69 3.0 88.65 3.3 94.93 3.5 92.05 2.9
(erythrosine)
20 98.50 1.2 99.08 24 100.73 1.6 100.62 1.1
T 5 100.76 1.7 103.60 1.1 104.60 1.4 105.42 0.9
X FRHOR R
Wil (propyl 10 99.30 0.7 102.64 1.2 102.17 0.6 103.60 0.6
p-hydroxybenzoate)
20 99.10 0.7 101.57 1.2 100.39 1.0 101.13 0.5
N 5 95.18 1.4 97.46 1.6 97.86 1.1 98.30 1.4
R FEOR R
THEs (butyl 10 92.09 0.7 9527 1.1 94.67 0.6 95.92 0.5

p-hydroxybenzoate)
20 99.21 0.7 101.78 1.3 100.52 1.0 101.88 0.6
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