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0.3 mL/min, R JH AR MR I 25 $EA TR, AR 230 nm F1 210 nm ZESR 12 Rl H AR W] LATE 6 min
PR B AF R4 8, 76 0.010~80 pg/mL I PN 4 RAF AL SE R (r'=0.9996), Kt FR K 0.03~0.15 mg/kg, &
HPR 0.10~0.50 mg/kg, FEMAE 3 AHIARAKFE(1. 10 F1 50 mg/kg)AY [EICR A 80.2%~99.7%, HIXIFRifEfw 2=
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Simultaneous determination of 12 kinds of food additives in milk-containing
beverages by ultra performance liquid chromatography

CAO Mei-Rong, SUN Lei, JIA Wen-Xuan, LIU Hong-Ran, FAN Su-Fang

(Hebei Food Inspection and Research Institute, Hebei Food Safety Key Laboratory, Shijiazhuang 050091, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 3 kinds of preservatives, 7 kinds
of sweeteners and 2 kinds of acidulants in milk-containing beverage by ultra performance liquid chromatography
(UPLC). Methods After the sample was extracted with water, ferrous potassium hydride and zinc acetate solution
were added to precipitate proteins and other impurities, and then it was gradient eluted by a column of Waters
XBridge BEH C;g (100 mmx2.1 mm, i.d. 1.7 pm) with the mobile phase of methanol and 20 mmol/L ammonium
acetate solution at a flow rate of 0.3 mL/min. Detection was performed using a diode array detector with detection
wavelengths of 230 nm and 210 nm. Results The 12 kinds of food additives could be effectively separated within 6
min. In the range of 0.010-80 pg/mL, there was a good linear relationship (r*>0.9996), the limit of detection was
0.03-0.15 mg/kg, and the limit of quantification was 0.10-0.50 mg/kg. The recoveries of samples at 3 levels (1, 10
and 50 mg/kg) were 80.2%-99.7% and the relative standard deviations (RSDs) were 1.23%-4.70%. Conclusion This
method is rapid and convenient, which is suitable for the determination of 12 kinds of food additives in

milk-containing beverages.
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21732-2008" iy 4325 )i ik, KA Ry BE B S AL ORE R
PR O FLOR FIZLRR PR 3 280 B Lok IR S 1
JRIRZ T AR, (HR RS A 7 T R AE B LR OR
MEAL R, S 30H 933 & LR R iR
Who SEBR b, 5 —, SFLUCR™ AR R FLER OB
H BT 5 >0.7%,  TC i) 75 0 e T 78 2L Ok Hh 2 1 T
R E>1.0%, HAE RS Rl TR Y. 55, S FLor
PR AT LA, BB T K. AR ERE R
TGRSy, B R BRI YEBE EE
TG R 7 B SRR B3 PRl P S £ 8 o 51
ATLASGEERL OB L AR BRI EE, SE DT AT, (HAn
SRR S A X LA MR £, 2esgnn AR (R,
JEHASH) T 5 AAF o fil B A 15

1 2016~2017 4 [ 580 dh 2 4 B S & B i) 222
[ 00 7 9 R R T D S ) o g 2 i 2 ()
TR L EL 1) 24%~33.8%"), £l AR IR A 28 A1 F AT 2
V] 5 A s e IR A 0 ) B (EL AT ) SRR R T
XA S LR S ISR, BN RIRE S AT B R
24, BRI RCRARIS T AR [ G 22 Fh £ S 70 )
SRR Z, WE RS2 2Rk, Jr ik R U
FEG A AT ER o R DL ARSI A R v R i
f W ¥ (ultra
UPLC)P OV 3 i A € 13 46 5 (high performance liquid
chromatography, HPLC)!'"2! | 5 4R £33 - 6 JE S 33 2 (liquid
chromatography—mass spectrometry, LC-MS)!"*131 < 4H 1y
TR (gas chromatography, GO, & F ikl £
AN L Pk 4 Hirp UPLC DUHERVERTE . ZHr Bk |
EIVELF SR AL, BN TR R 2R 5 S IR e il s vk 09
FEF R AT Tk 7 ROk @)L 3
P87 T 750 R0 4 iR AR ) %) 8 R ARORE A BT i, 14 R
IINFUAE 20 min Y5240 . AR Ty Tl R AL
TRORE £ 15 1 R B R S BT S ) AN A R B 43 A
AL T FE S A A B R, A T R I B A A DN 25 SR
MU B S - A R, 5 RS B
AN -

SR, L T [0 s A 0 575 88 70 L R A 550 7R 8 A 551 F A D)
T EARIER D, I HAR A CH B BRI T % iR s
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performance liquid chromatography,

o FLYCRR ™ iR AR, S ST R RO (T PR )
FLUCRHR 12 Bl WA i By I 0] | SHIR I FIRIAR A, K%
7 W RS DR B LR ARG v, A D23
e SR, LAY S B i A R PR E

2 HHSHE

2.1 MR5IR

PR CIERERGIR AL . RTRR . ILNALR |
WS E4(1.0 mg/mL, T EIFEBEARBL); B o DS
#299.0%, f8E DR /AH); BALR(1.0 mg/mL, JLitls
BT R A F]); MR R MR H R
fi . XIS RR ISR . XA HRR T (1.0 mg/mL, b
TGRSR Y B ARG BRIE AR, T M R (&
i =98.1%, 2 5 AE W AR E BT ); B R (=
98.9%, TEE DR AF]).

FEE. CHE(igal, EEBRTAR);, LR EiE
99.2%, %[ Fisher Scientific 23 wl); SLI6 AT FH /K M B R
WK, VKR . LIR%EE . WA AR 5 oAb 3R] (o B 4,
FEETRF R AL 28 A BRA 7)o
22 UEEEREF

PE A-30 & S 080 €3 ([P B A8 [ 4] 4G 0 2
(PDA), 3 PE A +l]; @i+ A Waters XBridge BEH Cg
(2.1 mmx100 mm, 1.7 um, EE Waters 28 Al); 3K15 # ik
BB O HL(PER Sigma 24 H]); ME204E J7 43 2 — 43t RF
(% E Mettler 23 l); P30OH 48 75 i ¥E VE#F (T2 E Elma /A #);
B TR I A AL oM 0.2, 1.0 F1 5.0 mL(fE ¥ Eppendorf
NGNS
23 KWHE
23.1 Hsara

24 U T 43 S S e P A S R 3 R LR, /D
FEN SRR S Fh & FUUCRMRI IR SR 2200 TR 7 2L R DA R i
9 FiFE AL

HERFRIRZY 5 g FENT 50 mL ZIERE T, A
20 mL JK, WAEREA] 1 min, 0 2.5 mL TR FALAN AR
(106 g/LYF1 2.5 mL LFREFAR(220 g/L), WleiR )5 s
$EI 20 min. F/KERZZIE, 1B5, T 8000 r/min B0
2 min, IR 0.22 um BB, FRBOREREDE
232 ARBIRIREH

FRUEGE A 0 PR B o BT S0y LM L T4 R
B ORAERT 10 mL FElP, HAKEREZE, 57559
Bt L 2 R 1.0 mg/mL BIARHERE 25 WL
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TRAPRUEV TR MEE AL L TR 45 b v 6 45 TR RVBE R
L OEHRE . LA . RHR . AR . MRS R
HfE . SRR R L BG . MR IR BRINES . X RRILOE
MR T EEFRUEA R EE YT 1.0 mg/mL)%& 2.0 mL T 25 mL
B, HAKERZZE, 153 12095 80 pg/mL HIR
B PR ETR I

AR BB IR A i TAEBOE RFR B 0.01. 0.02.,
0.05, 0.1, 1.0, 10, 20, 50, 80 pug/mL [\ RIIESFrifE
TAEW, FFE TR EGRTIE, 5204 A fbsiEh
LIFE.

233 &Lt

1% M & Waters XBridge BEH Cig £ (2.1 mmx
100 mm, 1.7 pum), LIHEERFESIHE A, Lh 20 mmol/L L2
VS WOR AR B, SRR IR 15 Wl
0.3 mL/min; FERABUR 2 pL; @REAERE 30 °C; Kl
£k 230, 210 nm,

®1 BERBRERF

Table 1 Gradient elution procedure

A s ] /min T A% A B/%

0 5 95

2.5 90 10

3.0 90 10

4 70 30

4.5 30 70

4.6 5 95
3 HERE5HH

3.1 HFmEIC ML

FES FUOR R S U IR F LB R AT AE Rl . R
B JFE TR 22 2 S A R IR, Ak 2R AR 14 H 1,
JIT A LR 7 A B AR P e R R RN R
YI . BREALBIVATR (106 g/L)HI ZRREFATR (220 g/LYVER
VBT R0 AT A ST B P TR T R, R A S G vk
FHZGTVE RN FERE S

T P I R IR o o R I 4 1 T BBORR O 5 VR S
SHRAE, AR TRAIDITE . BT LS B R AT ] 25
M 48 BRI A — S PR R ARSI B 3 1ok A 12 Fh B RS i 0
TR PR A5 AR AR S TE 10~40 min A (1988 75 SR S0CR: .
I W T ARE, 7E 10~20 min PN, K6 7 B ) 1
K, EFRY 0 TR G 0, F 8 R R ZE 20~40 min
W12 B AR AR K, Z55 5 IR R BRI

B[], S8 20 min AE 8 7S B EL B ]
3.2 RahEREL

LRV TP BN SRR BV W - O NS IR 2% T 280
ARSI 43 5, 0 DA SE 56 bR T H - 2 TR B 5% P
W NE - TR B 5% vh s WA M T h A (1547l LR %
ek 20 mmol/L, W 1, FEAHRBIESES544 T, FahitH
R ME-20 mmol/L ZTREL SR RIS, 20 47 H I ) i) 45
FHWE L, N T R &, ©5%% ., A
PR AT IR A B . I, SEG e Y I - LR B AR R A M i
A . B AL EE-10 mmol/L Z PR Bk & . R -
20 mmol/L ZFREIRZ . W EE-30 mmol/L ZFREZIR ZR A H
fi#-50 mmol/L ZJRENRZR), F /g, 2R R
TN L TREH S 20 mmol/L B, HFRPERIJSH Hr G 41
SESRERELR AT B . CIRERIE T R, A5 A RIE,
NI SFBOH: FE T R o PRI S 345 2% F Y EE-20 mmol/L Z,
FREEAE TR BIAH, 12 F EARYAE 6 min NIEZ 7385 .
3.3 BEASKRNKKAIERE

22 gy I [ A 00 s 32 40 0 K 1 Dt D) 2 G 22 45 o 3
Br ki ma N AE R AT g, T IEMANRERE 2. &
SR PDA A 876 190~400 nm i K 70 B N R HE-& 45
WE T TS, 5 3045 4143 W B Kl B (L35 2),
T B A B R K R 200 nm, 7SS AN IS R, BT
P 5 SE R K Sy 230 nm F 210 nm. 12 FlH 065
VYA YRCTE AN [ RS0 - BsF 17 € 35 P L I 2,

R2 12 FhEARYIRY R R IRUWUR I A MK A€
Table 2 The maximum and characteristic absorption
wavelength of 12 food additives

Hirdy R K mm KK /am
HHIBR 223.4 230
TN 253.0 230
LIRE 225.8 230
WA 229.3 230
X PR LI BT R H R 225.0 230
XFFEHEAR R LW 225.0 230
X e B Y R P 225.0 230
X2 AR TR 225.0 230
X B 205.7 230
T 4 — R 211.6 230
IR 211.6 230
oy 37 L T 208.1 210
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Fig.1

12 T BRI R S AR T B @151 (230 nm P T)

Chromatograms of 12 kinds of mixed food additives with mobile phase of methanol-ammonium acetate and acetonitrile-ammonium

acetate (230 nm)

34 FHEEMHXER BEE. RURMEER

# 0.01, 0.02, 0.05, 0.1, 1, 10, 20, 50, 80 pg/mL
P ZR 9 P T S VR A PO S8 I B i 2 T e, NIRRT
SEWE 3R, LA 3 YR T- 20k 1o ARORARE R 174 5 F ke 1 22 i)
MR Ze, B304 A MRER L TR IR G ER IR
P23 FURE SRV B SRR e, e REAE T I BT A 38 VR A T 43
Br, B S FLPOR 12 BRI A R (L 3 £ (5 L
THE)FIE R, 10 fEEMWR LT 12 FEsin rdrdE
BHER ML AR | RS . ISR ER(r) . A BRI E R
FRULEE 3. M 3 fhuff8, 12 Fh4H/37E 0.010~80 pug/mL 7
BN A R, MR REII R T 0.9996, Jiikmyks
HIBR A 0.030~0.15 mg/kg, ERFRHA 0.10~0.50 mg/kg.

FERNEBWERSERE
PR — 25 FURE B BB AT R 6 4, 2 Blas N
(50 mg/kg). (10 mg/kg). K1 mg/kg) 3 A FHyEE IR

35

APRETR, H R 2.3.1 TR SR AC BRI R S, A
K HRAE 3 R, IS0 ISR RS 2 L3 4. 12 Fh
SN B ETSCR I FEIE 80.2%~99.7%22 18], HHXHAR i
fif 22 (relative standard deviations, RSDs) & 1.23%~4.70%,
VU RHIZ 5 B e AT 52
3.6  SERREEmIEI

2018 45256 28 R AR 7 vk M BHMAGAT 45 7 60 HEIR
FIRE S IEA T E, 43500 30 HU LRI S FLUORE . 20 it
WR TR FLUCRHA 10 FER LR B oR} . FHorp 58 fFE i
R SRR B AR, DIZER R . ILBLER . L
IR T U F S T, GB 2760-2014 £ SN A FRE )
FRLRE FePORE R BR B A 4 RS nsRIU RE gL o
Rk AL 6 HER, i HEh 10.0%; 1AL AR 1
HEUOH 3LHEIR, WSRO0 51.7%, ZEFEEM AN 504
W, Kl 83.3%, FHTHHAYM Btk 29 #Hwk, #
R 48.3%, FF S VEAT & BHRE Y10 PRI B a2 A A 17 0 o
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A 1] /min

T a: 230 nm BT EIEE; b: 210 nm KT A5
IR 4. WREH; 5. ILBLRR; 6. LA ZTR; 7. BT LR 8. & B1R; 9. WM PRI ER; 10. %)
BHIRIPRRZBR; 11 WO P RR IR 12, X R R T
&2 B 20 pg/mL [ 12 FIR AR WY R
Fig.2 Chromatogram of 12 standards at the centration of 20 pg/mL

R3 FEEMFE. RMEE. EERMEHR

Table 3 Calibration curves, correlation coefficients (r?), linear ranges, limits of quantification and limits of detection limits of 12 kinds

of food additives

Mo 2R By ZEPEVE R/ (ng/mL) ES Y de K BR/(mg/kg) R /(mg/kg)
R Y=11545X-3561 0.020~80 0.9998 0.060 0.20
124 Y=19224X-5472 0.010~80 0.9997 0.030 0.10

A Y=10125X-5428 0.030~80 0.9999 0.100 0.30

Xof 8 2R Y I FH iR Y=11705X-1851 0.020~80 0.9996 0.060 0.20
X BB R LG Y=11510X-1245 0.020~80 0.9996 0.060 0.20
Yo F R R P iR Y=11050X-1174 0.020~80 0.9997 0.060 0.20
X FRHOR TR T R Y=11370X-1089 0.020~80 0.9996 0.060 0.20
LIRE Y=7498X-881 0.050~80 0.9999 0.150 0.50
MERG4H Y=6970X-3060 0.040~80 0.9996 0.100 0.40

o 0 £ Y=19981X-208 0.030~80 0.9998 0.100 0.30

T M R Y=8546X-1511 0.040~80 0.9997 0.120 0.40

& DR Y=78467X-996 0.040~80 0.9996 0.120 0.40
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R4 MNIREWE LR (n=6)
Table 4 Average recoveries and relative standard deviations (RSDs) of 12 kinds of food additives spiked in blank sample(n=6)

IHAKSE 1/(1 mg/kg) IINAKSE 2/(10 mg/kg) IINAKSE 3/(50 mg/kg)
IR 2 A A (mg/kg)
ISR % RSD/% ISR/ % RSD/% ISR /% RSD/%
R ND* 90.6 2.71 96.4 1.23 98.8 1.72
e ND 93.7 4.62 97.7 3.63 99.7 2.19
WA ND 89.2 2.12 93.2 2.84 94.9 3.23
Xof 5 2 R H ND 96.5 4.23 92.0 2.94 95.5 3.37
X IR AR £ 1k ND 98.6 3.35 96.7 2.57 96.8 221
Xof F2 BRI R TN g ND 99.3 4.61 97.8 2.74 99.3 1.82
R FEHIR R T R ND 97.2 4.70 98.2 3.85 98.4 2.65
e 5 ND 80.2 3.50 95.2 2.41 96.2 1.76
WG M ND 80.6 4.45 83.1 2.73 97.5 2.35
] $4 £ ND 88.9 2.74 95.3 1.62 95.4 1.54
T 1R ND 85.1 3.11 87.5 3.48 94.1 3.27
wHR ND 85.7 3.42 90.1 2.91 93.7 2.88
T *ND Fm AHH
*5 WA
Table 5 Comparison of experimental methods
BRI Rl SMEEE A El/ming K HBR/(mg/kg) I e i3 Rl ARG SCHR
12 WW@T;;JH%’X'W RERVCE UPLC 6 0.03~0.15 80.2% ~99.7% AW HE Tk
1 ﬁﬁ%ﬁ;ﬁ%ﬁﬁ%%ﬁu Yot UPLC 20 03~0.6 92.7% ~ 97.1% [10]
5 TRl 7 JE 79 R & LA i UPLC 20 0.050 ~ 0.6 92.1% ~ 101.4% [9]
12 0 B i 5 A AR i HPLC 50 1.0~5.0 70.9% ~ 115.6% [11]
8 i 5 5 7R AR A 5 Yok HPLC 50 0.1~0.3 91%~102.5% [12]
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