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B Ak A 1E a1 S Iy & 2
CEE X K, ok, LHE

(1. BT P KB Rl e, I 518081; 2. " ARER KRB AL TIERE, K22 523808)

# E: BN BRSSO %k (ultra performance liquid chromatography, UPLC)IE 7K A5k 4 L
13 FhRTIE R . ERFIAE G T k. B3R FERZEA AR L AR O R R . B0 . bk
J5 HAEWERE, %] Agilent ZORBAX Eclipse Plus C5(50 mmx2.1 mm, 1.8 pm)@iEtli4res, LU EL- 2 8%
(0.02 mol/L) A shARMEA AR BEVER, ATHR 28 °C, i 0.5 mL/min, SR FH ARAFRESIREM #R VI 0T, SMn
WER, R 13 FRRSTE 6 min P REFMES, FRUHSETE 0.05~10 png/mL SEEINZNE AT, HOCHRE
¥IRTF 0.999; EHBR A 0.010~0.025 pg/mL; FIN0FR EICRTE 92.1%~101.0%2 18], FE A% RSD(n=6)
FE5.0%LAN . B3 Izt e, &S T UOR D 13 R L BRI ARG G e R
KRR MR BORAR S YO BRI, FHORRL SRR AR

Determination of 13 food additives in beverages by ultra performance liquid
chromatography

ZENG Chu-Ying'", WANG Lu', LV Hai-Yan', FENG Jing-Wen?

(1. Yantian District Center for Disease Control and Prevention, Shenzhen 518081, China; 2. School of Public Health,
Guangdong Medical University, Dongguan 523808, China)

ABSTRACT: Objective To establish a method for the qualitative and quantitative detection of 13 common
preservatives, sweeteners and colorants in beverages by ultra performance liquid chromatography. Methods After
the samples were removed carbon dioxide or ethanol by ultrasound and heating, they were diluted and filtered.
Agilent ZORBAX Eclipse Plus Ci3(50 mmx2.1 mm, 1.8 pm)column was selected for separation, with column
temperature of 28 °C, and the flow rate was set at 0.5 mL/min. Methanol-0.02 mol/L ammonium acetate aqueous
solution was used as mobile phase, and the program was performed with gradient elution. External standard method
was used for quantitative analysis. Results The 13 components to be tested were well separated within 6 min, the
mass concentration was in the range of 0.05—-10 pg/mL, and the correlation coefficient r? was greater than 0.999. The
limits of quantitation were 0.010—0.025 pg/mL. The average standard recoveries were between 92.1% and 101.0%.
RSDs of repeatability and precision (n=6) were within 5.0%. Conclusion This method is simple, rapid with
accurate results, and can be used for the qualitative and quantitative determination of preservatives, sweeteners and
artificial synthetic colorants in commercially available beverages.
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B ARSI FE AN E) A b DA £ A BT A
AWK, LRI BIE ORI TR dh R
NIA B FEE KK, B, @ E R e
A S AR PR AN B B AR N, BLE Wik 22 2501 2000
ARAh, ALFEBTE ] BRI GRSl SIERRE
FE S B IRA T T JEAE,  GB 2760-2014 B b 242 K
PRl AR INGR G AR o ) e BT RLE T 2R ]
R R TR A, (EURR S Bl A ol P Al P B 5 28 DL
VN OS¢ YNUi) 5N SRR e RS G PN S
AN SR, QA WA T 2 BRANF A I ORI AN
A TR S AR | v MU . AR R S AT A R T,
BB ER FE B LR AR I O ORI B, R HoA 18 Pk T
P R R EORE, X R I L A I R
IR WA ACRISSEORHA B 222y 1R,
ZEIRNGEIE, BA RELESIABIER . GHH ., &
JRHE €A S5 B S ) LA R B | ks R T €
PELOG I B o I AR B R R L RHORS A4
AW, X PR L A HAT A SRR S

FURB I ) L BHRSR) | 5 BCE R A Iy A7
GRS . SR ERE . AN R
RO (- ER IR DU SRR I R OV5E, [ 5K A A T
1 3 2850 H HEA TR I AR TS V5 o ARk A AR TR
AR TEEAGIN, E5 R (7 S5l 5 5 ) S R AN 5
R 23 WS IR B ek B P 403 P R €5 3 - JB T TR TG
TR Tk pi S AR A I st A AN 2, HOHAR R %
ATRANIE TR AL e S8R (2 3 7 ] o 00 22 A i
TR Bt s ) A, 5 a0 U P e AR € 3 9 T
SEYCRR R 8 FiED SIS IGRAL 3 R AL YORHFERT 36 min;
R SCHORE I R FErh 1 2 2 SRUSINRI IR SR 2, (H IR I
TSE 3 A48/ FLI s B T e, o1 Aty 412 1 e v
YA 2,387 (ultra performance liquid chromatography, UPLC)
IR PO 14 FhEr dhd@s s, 2#rmkE 2 25 min,
ks 2 2 UV v R8O 3 Tk [ B s ok b 20 R
RIS HTETIRI IR A 1S min, ™ Sk A e 5 T M £ 33 b
R BER . AT B 7R ST — R Rl PR R A ] s AG
B JEE 3R] BHORFIFIE R A 7 ik, i LAk i S AR TC LE |
T, AR AR A I P, R B R AT A, IR AR
ZEAE R RS PoR R 3 BB ERICRF R . I13E4R . B
LR, 2 FIEHIRFNCLTEE . HREB), 8 F L5 LB R (fr
BT HPETE . OBien . SR iR WARLL . JRekLr
SEHE), DA PORIEZR AT b P kg 3 ZRESIIGR e T 40T | PR

ORI, i W B AR AR S
2 MRERZE

2.1 RFI SR

Fr e #) B . 2K H R (GBW(E)10006) . 111 B R
(GBW(E)10007) . #H5 41 (GBW(E)10008), Jfi 1 ¥k fE ¥ Hy
1000ug/mL; #F % ¥ (GBW(E)10001a) . Wi ¥ 41
(GBW(E)10002a) . H 7 ¥ (GBW(E)10003a) . /I JIf &
(GBW(E)10004a) . =% i (GBW(E)10005a) JF 1 ¥k J&F ¥ &y
500 pg/mL (P ETHERAIITBE); TREEZ1(GBW(E)100163).
LT (GBW(E)100164) , 3£ % (GBW(E)100171), &
Z TR (BW0848) . T 1 (BWO719-1)(Jit & Hk i£ 41 % 1000
pg/mL, JCEHTE ISR UEY) BT AR A R ITE A H).

HlE . NGkt 18E MERCK R4 ), LR
e (hgsl, EAER LSRR ), TR WO
PRI IRAS . AR YORE . FPBERORE . BERAIORE . DU A
THUCRHFIEE Bk AR
22 UF/EE

Agilent 1290 i B RO €385 (BT A% 387 B 51 Ao I 2%
(& [H Agilent 23 ]); ME403E %I H K- (Fig M4 80 28 ),
Milli-Q £lifk /K Z 55(3 = %5 RN 7]); P300H HUHAE 75 43 (£
[ Elma /A 7]); ALLEGRA 64R 7 85,00 ML (36 [ I 588 23w .

2.3 EWHE
23.1 a4

HERFRBCTT R S gCRE31] 0.001 g), 60 °CitfiF= i
SRR 2 20 min, FIRBSE/KE 24747, 10000 r/min £5.0> 5 min,
0.22 um JEMELIE, FEIAT 3 mL B, BURSEIER EHLIE .
232 ARBIRIREH

TR BCLFEE | KRR, (LR . WM. a2
TR . HIAT . BERLLFIBELT 4 1.00 mL, A5 B T B es . T
4L, MARLL. B IS WA ARMER W% 2.00 mL, #F
25 mL Fafh, BaiKER B2, ARG
W B IRPRIERE R IR, BRI, 15345 400 T f vk
4351k 0.05, 0.1, 02, 0.5, 1.0, 2.0, 5.0, 10.0 pg/mL
BT AR e . TRA PR T 0.22 pm JEARILTE,
FF 250 3 mL SV, USRI _EALINE
233 RABEELEH

{4384 Agilent ZORBAX Eclipse Plus C;5(50 mmx
2.1 mm, 1.8 um); Jii#: 0.5 mL/min; iR 28 °C; #EkEA:
10 pL; A LR 1; FshAE: s A: 0.02 mol/L 2
Mas, WohtH B: HIEE, BREEUEG, VEMORRT W2 2; 41k
iZ1THTE] 6.4 min,
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Table 1 Detection wavelength parameters

Fif 1] /min 0.00 1.86

2.85 4.80 5.30

P K/mm 230 420

510 630 530

*2 BERRERF

Table 2 Gradient elution procedure

i i) /min TN A/% WA B/%
0 97 3
2 96 4
3 75 25
4.5 30 70
5.2 30 70
6 97 3

3 HER5NH

3.1 AR ANRK

AR R L IIAER | BRI R — R DLV B
U AT RE SRR ORE, R B BRI A, #T
TEER A, VLY W HRRIY), A FECE TR 10%4 1,
WOCTFUURE R (1, % 70 A R mEe W bt H e TR &
RIREZE, (FALTREH RS, vl o P e R T
Hoores. BCRFHBEEMB . B0 28R k. (ATE
RIGTH R, 0.22 pm UK AREELT IR E, SRECE A
F AT R R 2, RN 33% 247 . A SRS
R S0 L AL UE Sk 1 DASR = DR (H B Y
S A R R ACTRURE A AR R 2 pm B (AR, A5 AR
RIARRIN, AU e uE, 4R, AR 3 mL
UETH, WA ARERLT B IR IR ] 98% L I, ANZuEskil UE Y
SN
3.2 REEHHMRE
32,1 Gk E

WHTRME 3 A it Ry C s,
RS 3PS C g I RE, X 13 AR o E A543
S5 B 7R TC-Ci5(150 mmx4.6 mm, 5 pum) (& Hp0RS ki Fi
i & 2R {6 1% 136 4> EE &, ZORBAX Eclipse Plus Cig
(150 mmx4.6 mm, 5 pm) @A FIB A O IR I
TERHA, WAL IAHIMRMEILL 8, B a1
18 min, TM%# ZORBAX Eclipse Plus Cig(50 mmx2.1 mm,
1.8 pm) EFEFERT, 13 IS TE 6 min N SEBLEELR 535
322 HBARS. Ak, ARRGMRAA

13 Fifpll B ot PR 22 A, 4 R I L AR R, B
JEEFR . FHUR R RER AT 1 8, H LA LA GRS
AR A B, B R IUBR VR 0y 5 vk . RS A2

UPLC AT, HERN R B K s T L B g ) L i
AR W P AP A B I AR . SEBG %48 THT 2 min
FH R R B A W LU A9 3 9 R S5 B 3:97 L 4:96 I
3:97—-4:96 XFRF A4 B BLRSE I, R INAE 3:97 Hufi
R IS 2 R T AR R T AR, ORI
4:96 LB TR, AP AR 2 BRI R I R AL, TG
Y TERT 2 min RAZEMME, HEHLGIH 3%TH 5
A% EDL T 13 FRR AL e R ArHb A28, DL 1.

L TR ) 25 (0 3 04 1Y) B W R IRD, O LI T B e b
BB AR, P Aed 8 AN A AT R A H AR 43 i B 1A, i AL
SEMABRGEIENKR, 55 BRI . G IOR b 1
Bt o Ay B E FE 0.2 mL/min . 0.5 mL/min 1 0.6 mL/min
PEATSCH, 763X 3 T 13 SRR 43 15 B ik BB 419
AES, (HHHN 0.2 mL/min B 3HrE K FF 10 min, 17 H %
JEEI I AR AT Rk R R G L TR Y 40 R FE,
AP HEHR 0.5 mL/min.

RS i B W ER R EZ —, 5L 25,
28. 30 1 32 °CHFAT4r 8, GEHRFEM, 25 °CorMritaIE K,
32 °CH} HARY) H Wb [RI4R HT, ZOFREEFIAR B R WA S Ay
BEH 0 B EREAIC, 28°CHN 30 °C, H AR/ B (IR 54T,
{H 28 °CEAF T BIFELE L 30 °CRY M FAa, B IR |
WERS N RIR A 00 B BT, TR AR e BTN 28 °C
3.23 Ak ke AT

B ORI S, B R ] DL B
WA, 27 SR EBLBfL— R I P8 e 2 R AT I 1) SR BORE . [ b
W GB 5009.35-2016 { &t &2 E R &P AR
H ORI RE ) UHERE RO KR 254 nm, (HAEZ
328 S SO = il VA = 187 < i 7 W 1 B 4
FESIKG I 5 4E 200~800 nm TE Bl N HEA 4098, e 4% H AR
PIRFE WSO K, 255 5 A LA R R . HE st () A
FE . AT SN R, fad ) Zik5e, %t 13 FHix
YRR K AT A, B e AR 230 nm PR A
KHER, WA, WAL, LFEE MR, 78 420 nm
WK TR S, 78 510 nm P K R H 748 . #ier.
VESELL ., HPRLLFAERRLL; 16 530 nm PR R FREELL;
630 nm A TRINZEEE, ARHESA B R0 H IR T
T K YIRS [ S5
33 FEZ&M. HXRBRER

FHRRUESE 25 A YR B4 0.05. 0.1, 0.2, 0.5, 1.0,

2.0, 5.0, 10.00 pg/mL MIPRAERNERVETR, % 2.3.3 Wi
PEUERE 10 pL, 05t @S DALY WAL R ) vk
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JEO) AR ARAREIR, S/ AT B, L 3
R LT SR R PR, 25 R L3R 3. MUARLEEILE lc, #%
BORER 5 g, AR 50 mL i1, 058 ) 2 E =R A
0.010~0.025mg/kg. I IRELH] T 20 pg/mL IR & HRiE
W, (HEHAEA R, Hﬁaa&'ﬁ%ﬁ%&ifﬁ%%
T KRR W 2 pm (g A:, R T REEL, 5

rid 1] S 25 4, (HAE TR AL A R R R

IS4
52 A

30 1 1.376

0786 2
0 591

0.313 ]\

20 5

2430 ¢

4
1.750

A

10

W D75 B /m AU

34 [ERERSHEEE
S 06 3 IORT 5 R OB S AR S 50 5 56 52, AT
0. 10.0 #120.0 mg/kg 3 VR LA BAR BDSGRE:, 45
UL 4013 F I -4k BDBCE R 92.1%~101.0%,
AT FRUEIR 22 0.79%~4.85%, 77 1 [ S FIHS 55 1 R 4T,
S5 RAER AT 5

13

5.615
12

4.976

10

7
8 9
3450 4.256
3.605 4.057

11
4.538

3

B} 18] /min

o

60
50
40
30
20
10—

Wl 8 38 /m AU

13

5.662
12

10 11 5.059

4 1504 362 4.652

5.408

~10 | 1

B3} B8] /min

1 393

2. 588
1 641 2, 013

0 943

0]6\0]\

W 3758 B /m AU

5. 672
9 4. 364 4.653

Siine

7
3.065

Il

3

H5} 8] /min

T a: WBIAARIARLLBIN 3:97; b: WEIARPIG LLHI Dy 4:96; ¢: B 2 min, FEIARPEE L HIH 3%THE) 4%.

LG 2 R, 3 LA, 4 MEREON; S AT IR 3T, 6 A Z IR, 7
Bl1 13 fhf
Fig.1

AL 8.0E3RET; 9 MMNRAT; 10. H #4545 11.IBRRAT; 125215, 1307841,

Ny 23 A L

Separation of 13 components to be tested
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Table 3 Standard curve equations, correlation coefficients and detection limits of 13 additives
Ry 2ot i LIPS Ee Hm BR/(ug/mL) FE R /(ng/mL)
LR Y=62.350X+0.126 0.9995 0.005 0.015
HKH R Y=74.151X-1.756 0.9998 0.005 0.015
e Y=122.672%-3.662 0.9998 0.003 0.010
WERG BN Y=48.537X-5.228 0.9993 0.008 0.025
Frig st Y=62.566X+1.101 0.9998 0.006 0.018
A LR Y=115.143X-5.933 0.9997 0.003 0.010
L Y=69.079X+5.319 0.9996 0.006 0.020
PE3an Y=55.483X-0.521 0.9998 0.006 0.020
JiE)iIEaN Y=51.950%X-1.179 0.9999 0.006 0.020
H 75 8% Y=56.267X-0.999 0.9999 0.006 0.020
ik Y=57.313X-3.016 0.9995 0.006 0.020
SEH Y=94.879X+5.407 0.9990 0.003 0.010
IREELT Y=134.364X+4.716 0.9998 0.003 0.010
F 4 MAREBERIR L LR (n=6)
Table 4 Recovery results of 13 additives (n=6)
RSy FRERAE/(mg/kg)  JARE/(mg/kg)  KIUME/(mg/kg) B /% SRR % RSD/%
1.0 0.946 94.6
WHEE A 10.0 9.638 96.4 95.7 2.75
20.0 19.226 96.1
1.0 1.578 94.3
R 0.635 10.0 10.641 100.1 97.0 2.55
20.0 19.982 96.7
1.0 0.930 93.0
ITEAYL A 10.0 9.581 95.8 96.4 2.09
20.0 20.082 100.4
1.0 0.961 96.1
iz L A 10.0 9.982 99.8 100.1 3.46
20.0 20.893 104.5
1.0 4334 103.4
Frg e 3.20 10.0 13.072 97.7 98.4 2.93
20.0 22.086 93.9
1.0 0.938 93.8
A2 KA 10.0 9.953 99.5 97.5 2.34
20.0 19.816 99.1
1.0 0.934 93.4
Fe[Ean A 10.0 10.214 102.1 97.7 4.85
20.0 19.482 97.4
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&gk 4
RFMASY  FRSRAR/(mgkg)  INAREAmgkg)  AI{E/(mg/ke) ISR /% SRR /% RSD/%
1.0 0.940 94.0
BESELL A H 10.0 9.704 97.0 95.4 1.87
20.0 19.043 952
1.0 0.953 95.3
JIHRE£L EN iohE 10.0 10.531 105.3 101.0 2.74
20.0 20.468 102.3
1.0 0.932 93.2
H & # A 10.0 9.542 96.2 94.6 1.69
20.0 19.037 95.2
1.0 0.975 97.5
PRI EN i 10.0 10.052 100.5 99.6 0.79
20.0 20.126 100.6
1.0 0.941 94.1
ik A 10.0 9.668 96.7 98.3 3.71
20.0 20.81 104.1
1.0 0.908 90.8
REELT. A H 10.0 9.132 91.3 92.1 3.14
20.0 18.824 94.1

3.5  SEPREESRINE K XU TG

TESE SR RSN | T B T I S S il AR | sk

YOREL PERRTTAIORE . B RARE . 425 R OB RN 28 Bk v SR
&6 FpREsh, LR E, MERIMAI SR, 4R
mE 5 PR, MAVEFEEE 2, FREEHK RS B aE
M, MM EmmA R, HbhlEa s EN
3.86 mg/kg, A3 GB 2760-2014MNKE, RS 4 (14 i FF 7 ]

ANFEE AT N 14 YR, |8 TR 44
PRICEH PR . RH R . AR AR, AR
i AR WS SR A R 12.76 mg/ke, K
b A BRAE, (AT R BE K sh i S 50 vh & B0
Rk 2%, BA ERE KARAL FAO At 11441
241 WHO il HarH u i A= 0~0.5 mgkg, WI{AE
15 kg WJLES: H RVHRA RN 0~7.5 mg, T 1 600 mL
29 0.6 kg IZ RIS T BESE AR, fE7ERmm i,

RS OERREER 13 MURMFIRIRME R

Table 5 Detection of 13 additives in actual samples

R I E (B (mg/kg)
i | TR/ (g/kg)
SERKCORZE  APERUORE PUATEEORE REER TR HATRYORE  EHRRAN

YIRE 0.3 1.98 - 0.27 1.07 76.95

AR 1.0 1.97 0.64 5.28 4.98 84.04 67.46
e 0.5 0.32 - 65.90 58.93
TP 0.1 - 3.20
AR 0.3 0.12 - 0.24 0.19 1.51
o /EAN 0.05 - B




3514

B dn 2 4 R R I A 4R

et 5

FF S I 22 {6/ (mg/kg)

DARRME /(gke)

e KRR

PR R

RN SRR

HERORE

FEMEA R

0.05
0.05
0.1
0.1
0.025
0.05

12.76

0.56

Wi O 58 B /mAU

o

Wi 358 /m AU

Lel

Wél L3 /mAU

—_

(=

S
I

4
3.468
A

| &
g -

58

120

100 -

60 |-

40 |-

J;_A

T LR 2 KW IR; 3.0 BLR; 4.903841; 521

-

175
150
125+
100
5+
S0+

1.396

0.944

T LN 2470

2530

4651

2

4

KRR, 2 INALHER; 3 LA ORR; 4 54l
a: HIAIRTICRE b APRERTCRE o BEBRIRF

& 2

YRy i

Fig.2 Typical chromatogram
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KRR, ZOrkRBUE R KEELE, e E H TR
BB ERR R R4, 6 min P ERSE R 13 i H AR ARSI,
WY . r B EERYRLLY, T H R YORHRE TR I

SE 3k

GB 27602014 £ fhZE A GbRME st NI bR fE(S]
GB 2760-2014 National food safety standard-Standard for uses of food
additives [S].
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