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# E: BN 2SS0 ik (high performance liquid chromatography, HPLC)5E 4 FHE0 5 P 11 Rl i
WA T T 3R EFRREA . BAR L DORL . il BT, SR HPLC [RIB I £ 50 b 11 A nssl, 4
FERRTE . R . ILALIR . AR . MERERTR AR . XIRER TR OE . MRS N . A
FIRHRRNER . ARIOEH RS T . W RIEHIR T . XRIRH RN AL, Ll 20 mmol/L ZREkM 2
o SRR TR EE R IBE, AEDRC 254 nm RGN BRI 1L R E SIS G R RAF, HOCREL
YIRTF 0.999, Kb Bk, Ok, Bl iy a5 5 R 92.9%~116.2% . 92.4%~116.5%. 84.6%~111.7%.
89.1%~111.2%; AAXTARAEM 2273 B0 1.1%~7.8% . 0.8%~8.4% . 0.7%~7.4%. 0.9%~8.4%. FFFl I 1A H
BRFE SERRIAC T R R hrifl, FFERIEoR, G0 Ok AR 8 REBUE S5 0R, Rk e 2%
£l PR IR RS I )
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Determination of 11 kinds of food additives in 4 kinds of foods by high
performance liquid chromatography
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ABSTRACT: Objective To establish a method fordetermination of 11 kinds of food additives in 4 kinds of foods
by high performance liquid chromatography (HPLC). Methods Typical samples were chosen such as pastries, spicy
dry tofu, drinks, soy sauce. Eleven food additives were determined by HPLC, including sodium saccharin, benzoic
acid, sorbic acid, dehydroacetic acid, methyl p-hydroxybenzoate, ethyl p-hydroxybenzoate, isopropyl
p-hydroxybenzoate, propyl p-hydroxybenzoate, isobutyl p-hydroxybenzoate, butyl p-hydroxybenzoate, benzyl
p-hydroxybenzoate. 20 mmol/L ammonium acetate and acetonitrilewere selectedasmobile phasesand 254 nm
wasselected asdetermine wavelength. Gradient elution was performed. Results The linear relationship of 11 food
additives in this method was good and the correlation coefficients were all greater than 0.999. The recoveries of
pastry, spicy dry tofu, beverage and soy sauce were 92.9%-116.2%, 92.4%—116.5%, 84.6%—111.7%, 89.1%—111.2%,
and the relative standard deviation were 1.1%—7.8%, 0.8%—8.4%, 0.7%—7.4%, 0.9%—8.4%, respectively. The limits of
detection and limits of quantification of each additive were lower than the national standard. Conclusion This

method has the advantages of simplicity, convenience and high sensitivity, which complies with the needs of food
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additives detection.
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TR 2T 5 R 28 R R T SR I R R B M o
1922 5L, BB INR A A B AATTOG 0 R R Tl R
GB2760—2014 (£ ih 2 4 [ GEARME B b dS IR 8 AR E )
B R SR A B R 2 R A R R, O
TRIH BB 124z, HUE T & RS IR i SR Se Vil it . 78
B AR R 22 R U I R P, S 50 i e TS 235 il
T 28 AR, (ELUn SR L R T RS R — &
Bt SR R RN LA R RE A A BB L AN . A
MIAERC, VR DR B RS R), < S5 0] i feft P 2 S O Mk
FFNAEA Z RIS, S A ARG, R R U
JEARE S RERERT . B IIRE S AR RV, SR IEARH
RT3 e P TR MERCR (A, BRI T RERE RS, &
HAT—@ etk SEmitia s R IR Z M &
TRACKT P RS . BEINLRSE . B R A R AT
WO ORPRE AN O e iR R AR, R B 2 S ERE Y 400
5, SRR SN B IR W, FEIS/ N T I EE
J1, TR E AR, JFEAA7E S0 Som ng XU, H R A s L5
PR, PRI, A HILRA A 20T A B T 12 i TR IR 1 2 5] K
i, deARR R G R A

HAT, sl BN e F BRI AR S 4h-7] T4k
6 1 (ultraviolet-visible spectrophotometry, UV)! <4
{f, 1% 45 (gas chromatographic, GC)!''™"21 | WiAH (4 3% 1 (liquid
chromatography, LC)!"> ™" ¥ A € 3% - Ji 1% Bk FH 7% (liquid
chromatography-mass spectrometry, LC-MS)!"™> "1 < ¢
145 (gas chromatography-mass spectrometry, GC-MS)!'#2%
Hopfg % W22 LC-MS 1 & 8% AH 4 3% 2% (high
performance liquid chromatography, HPLC), LC-MS HAG &
B . A FERAT AR, (RIS BT AR, R
A PRI EERE S, HASI LA K. BEFREPRAt sl . BlSk .
YOBE, HEIAE 4 KBNS, It 4 BEATE H R
b o 2 . HA RN, H HAR e 7 H Al
3% b R 2RI, ZEAR-SA% A e I B4 45
HEL, JCHSERER . ABEFE ST T HPLC [R]I I E kL
FOBR L BRRE. i L RSSO, LA
R B A S IR A A SR SR A B R SR 2

1 RS

1.1 X5
Waters 2695 1 0B AH (1% R G (oA RS K

Mz, € E Waters A Fl)o

7% RIS AR ERI T (A6 100%) (P B350 RF2 Be);
INZLRR (L 99.0%) . WAGHH(ZHRE 99.9%) . X FREEARH IR
FER(AE 99.9%) . WHREIRHBRNER (LR 98.0%) . XF 72
FERH R T g (LR 99.5%)(15% [E Schlosser GmbH 23 Fl); Xif
BRI RR ZER(BEE 99.8%) . XTI H R S T Be (4l E
99.4%)(ZE [# Stanford Analytical Chemicals A rl); Wi LR
(LLE 99.0%) . X7 HE A B R S5 N R (SLE 99.2%)( il 2 3%
SEEG R A B A, AR HEOR R L (A 99.3%,
et 2 AR E YRR R A A, CRRE(Grral) . JHE (6
T4 (T [E Merck 22 H]).

REm . Bk, OB (2020 4R AR ).

12 WA
1.2.1 EREeH

FRUEREA IR (2 1 mg/mL): BUE F R I AR v W) ot ,
iV S 1.0000 mg/mL; A A FRIRLIZL IR FIX R LR
RS SAMEY R, BT 50 mL R, R BRI
RREZE, A5 L ARPR S 257K (1.1029 mg/mL) | %}
FRHEOR FH R R B AR UME AR 25 W (1.5958 mg/mL); R R UM
Kbs Y R, BT 50 mL &M, AKEmitEsE
ZIPE, 5] BNAS RS B4R ME A 8 W (1.1598 mg/mL); 15
FREUR R ZBebr e 5, BT 50 mL 250, 20 g/L
AN I e A 22, 5 AR A L R bn kbt &
W(1.0419 mg/mL); KEHAFRIOG F2 5L R Y B | X R
IR CHR . XREZEHRRINES . XS ER PR S HE . Xt
BRI RS T . WRSRR R Tl i, o5&
F 50 mL &, AR CERRTFERZZE, 25
BPAS AR WA A5 R, 0TS W B 40 03 Dy o o) 9 TR R Y S
1.0918 mg/mL . X} # AR H IR ZFE 1.1080 mg/mL ., XJFE5E
KB N ER 1.8179 mg/mL . XF ¥ I K H R 5 4 MR
1.4309 mg/mL . X FEARH IR 5 T HE 1.3988 mg/mL ., X#%
FOEF R TR 1.2229 mg/mL.

FREAd (29 100 pg/mL): 4359w B 3R 11 Fh
FRUERE A 5.0 mL F 50 mL &5, JH 20%89 H B B
ERBLE, FE5TRIASFRE S I

FRUE AR 1~7: 43 7 MERA IR B b3 11 Abr v ft FR
0.1. 0.5, 1.0, 2.0, 3.0, 5.0, 10.0 mL A JIET 10 mL &
i, A 20%0 B EERG BRI E A 220, B RIS AR
TAEW 1~7,

1.2.2  #oua i 2 A& 42 B
(L)FFSh AT A3
BGE G SR 2%, FRE b A S ML R o 70 40 o T
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XIS ARSG, FEAEOE, BRI R A B0,
I PR BB AR 78 04 2 3 min JE R, A RESL YT
4 °Cliffr£ o

(Q)FE SRR

A B PRBRT AL B AR S 5.00 g, BT 50 mL HLIER
DB, A 20%H FE 20 mLIR4), F 50 cCK A HREL
20 min, B¥HEIMAWZFTILH CREER S 2 mL RS,
5000 r/min &> 10 min, KK AHFE B ZE 50 mL F &M+, T
TR 20%H B 20 mL, S ERIRE, SRRk AR
B & — 50 mL &R, JFHKEREZE, R, I
2 0.22 pm BEAEIEYE, W& HPLC I 5047 .
123 &iht

%4 Symmetry ShieldTMRP18 (4.6 mm=250 mm,
5 um); WiiE: 1.000 mL/min; F:i&: (30£5)°C; #EFE
10 pL; PK: 254 nm; JRahHH A: 20 mmol/L ZFREZ, Wsh
A B: ZHE; SRRV, Vel 1.

®1 RIERRER

Table 1 Elution program of mobile phase

i 5] /min A% B/%

0 83 17
6.0 83 17
6.1 70 30
18.0 70 30
18.1 55 45
40.0 55 45
40.1 83 17
45.0 83 17

1.2.4 XA
B R 1.2.2 AbBHFRIUT ARSI HPLC H, DL

57 B ) A ) L1 RS I R IO 0 T, AR R A
TEEA o W B, R o 7 L 8 o o Y 48 8 Pk v
MR BT . BRSSP TINE 3 Wk, THEERE
&R R E, PR A £ R g =
(mg/kg)=(F5- FS IR R AT 00 3 J3 < s T A5 450 ) BB
1.2.5 A&HRAfEEIRk

PL 3 FEfEME T3 AR iR B, DL 10 A5 (5
it B A e smlR, HEAX N BlE
(mg/kg)=3x b AE A B /(BURE B x5 H); @ B IR
(mg/kg)=10xFRHE I A/ (BURE R (F I L) o

2 HRED

2.1 EEEHFmEEREFMRT

AWM 11 R SR B B KAy, W
HAREF KRS, A5 S 2% N E 2 50558 51
SCHRE22 40 51 K RIUAS [ e BE Gk B2 0591 R 100%
50%. 40%. 30%. 20%. 10%)H . 2. ZEXA
[FIFE S AT AR EN, LRGP e BT A 20% M B R
FEEE A

CIREAR R VR B . SRR B s, 4
WFIE LA TR . ZHE-K . HEE- 2R M O - 2 iR
LRR B BERCR, BT BLLIOK A BT S AR, 4
BIRORAME, HELMRERR, FIAPRILERE OG- L]
BEAVE TR A, FORAR T A0 8 Y 5t A st ) TR L

BTN PT84 PR T D[R], (0 17 AR
BT, SR HEES s . (R R AR dEAR, A&
W BEFER R 1.0 mL/min,

A~ B bm 0 J5 1 e G R A AR 184 o i
FEVFESE R 10 pL B, W AR FGETE 3506 2 451 RISR A
1.2.3 IrR i 45, 11 Fasmml g ity 58 o8, I
VRS R AT, Joas AV AT, kR E 1.

0.60 |

2 § % N=Y
im I o5 b = 9 ﬁﬁ@
R I S 1 - £ E 2
T 02009 ¥ 3 A & & 8 gy &
: < 4 R B EE el
ip 52 g it R ol ooy
g g N M ) W R
& ® mmAg o et P
0.00 é = = \r i A i RocR
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B} B]/min

I L i ety 1B R DR N
Fig.l Chromatogramof 11 food additives
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22 HKMXR

B 11 S [R) R R B4 5 VS ISR BR v VTR 1~7 43 31
AESRA T RS R, LA 7 AN S RS ARBR, 43
Br e By I FRUE e bR, efilbn e 4R, 115845 0
SREE FRR(E 2). 45REIR, A AR A5 vk
JWHEING M X R R, MHRRBIIRT 0.999, 755

Fz2 N MHERRFMANEMEXRMBEXRY
Table 2 Linearrelations and correlation coefficients
of 11 food additives

2R L HXREr
WERGEH Y=21613X+30919 0.9997
HHR Y=43364X+7033.7 1.0000
TN Y=42189X+5866 1.0000
i Y=18999X-52475 0.9992
X AR R F Y=11541X+2433.8 0.9997
X I R £ Y=10675X-241.1 0.9999
Xof 3 FE 2 R S PN T Y=7283.5X-397.5 1.0000
X} FE IR R Y iR Y=6274.6X-2050.7 1.0000
X FRHEARH R 5 T Wi Y=7040.8X-5647.2 0.9998
X FRERH R T R Y=7856.6X-2788.5 0.9998
POp =B il 5 8 Y=5079.1X-6412.9 0.9998

23 HWHRSEER

1P E S IS0 A R BIR R e PR 2R L 3% 3 R M
AR LRI AR H BN E BRI T E R PRIE(GB 5009.
28—2016 (B EEZARMEE T ORHR . ILALER AU
BRI E ) YHUE AR PR 5 mg/ke, ERPR 10 me/kg!'l. B
LR R B & R 3K F B K AR #E(GB 5009.
121—2016 {5 E R AR a5 PRI R ZBRIIE ) y#L
ERRHE 2 mgkg, R 5 mgkg. EZIRHEGB 5009.

31—2016 (Ehh % 42 FE ZARME D il P XA F IR IR A
SE ) YWUE RIS T RIRZE AR BR300 0.6 me/kg, 7€
EFRIMHIHN 2.0 mg/kg, AT AR BRI AR H R
FE t BRIGAR T B SRR A A 2Rk Y

R3 11 MERFMFMELRFEERER
Table 3 Limitsof detection and limits of quantification of 11
food additives

e [ o PR JE [
/(mg/kg) /(mg/kg)
MR 35.090 0.08 0.28
KHR 55.250 0.05 0.19
[T 53.552 0.06 0.19
A 2% 7.683 0.39 1.30
Xof 2 BE A 2 Y g 5.866 0.51 1.70
R FRHIR R 2 TR 11.081 0.27 0.90
X ¥ IR R SN R 7.131 0.42 1.40
X5 AR R N I 6.574 0.46 1.52
POpE S i T 5.335 0.56 1.87
X FEAE AR T R 5.653 0.53 1.77
Xof FR LA R W I 5.06 0.59 1.98

24 [EYELIE

FEAEANIBURE 9y, 4543 5.0 g, 3 Y IIASRUE T
7(%) 100 pg/mL)1.0 mL VERMACEIAREL, 3 HmA
4.0 mL /AR nds EL, 3 43 A 8.0 mL 1R 7k
TR RN, e B b AR A8 B R S A A TR I, 1T
BICR, 25000 4. i 4 a g, REAS . B4 Ok, #
R 1 R E SN A EDBCR AR 92.9%~116.2%
92.4%~116.5% ., 84.6%~111.7%. 89.1%~111.2%; FAXIHRiHE
i 22 (relative standard deviation, RSD)%351 4 1.1%~7.8% .
0.8%~8.4%. 0.7%~7.4%. 0.9%~8.4%, i & 2T R

T4 11 FE RN NAE EER S X AR R E (n=3)
Table 4 Recoveries and RSDs of 11 food additives(n=3)

[51 /% (RSD/%)
SR KT
ke A oKk i
{[iS 94.7(2.4) 113.7(6.2) 106.02.9) 105.1(2.5)
WA A rh 101.1(2.9) 105.3(7.6) 107.9(4.8) 107.4(6.1)
[ 108.3(5.1) 107.1(4.2) 106.5(4.8) 108.3(5.1)
ik 108.0(2.8) 105.2(3.7) 106.0(5.3) 97.2(6.7)
R LY 108.0(5.2) 115.7(8.4) 103.2(3.5) 89.5(5.1)
=i 102.1(4.7) 104.8(6.5) 111.7(1.4) 96.4(6.9)
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=A%)
[H] R /%(RSD/%)
2R KT
RE R Ak ok i
ik 97.7(6.2) 104.4(3.8) 105.9(3.8) 101.3(0.9)
e th 107.4(3.3) 110.5(3.9) 101.92.7) 99.3(7.4)
i 107.2(2.7) 111.5(5.6) 103.1(6.4) 102.6(4.6)
% 110.1(3.5) 92.42.7) 84.6(3.2) 105.5(3.6)
B 2R i 100.9(3.0) 98.5(2.1) 88.8(0.7) 105.8(2.1)
i 102.1(5.3) 101.3(1.8) 86.7(6.5) 102.6(5.9)
{8 116.2(6.2) 112.7(3.1) 99.7(5.2) 93.9(5.3)
X ¥ FE IR i R iR i 105.1(7.8) 113.6(5.1) 105.9(2.9) 94.8(4.2)
[ 101.7(5.6) 102.8(1.6) 102.0(5.8) 98.8(4.5)
ik 109.6(5.9) 105.2(3.4) 105.0(3.7) 111.2(4.8)
KR IR PR TR h 100.6(3.1) 107.8(5.5) 109.1(2.8) 110.8(2.7)
i 104.7(1.1) 101.8(3.0) 98.3(5.7) 105.7(7.5)
1% 94.8(4.7) 116.5(5.8) 106.4(6.4) 89.1(1.7)
X3 5L R S TR ol 92.9(2.5) 106.6(6.8) 98.3(7.1) 89.6(4.9)
= 100.7(1.8) 103.4(4.1) 104.1(2.3) 98.7(8.0)
{8 107.1(1.5) 95.1(1.5) 108.4(6.1) 100.4(7.1)
X ¥ AR R A i 112.3(6.8) 102.9(3.8) 100.8(4.1) 102.5(1.1)
[ 103.5(3.5) 112.9(6.9) 103.5(3.0) 97.8(5.7)
% 100.2(3.0) 108.0(3.3) 97.1(1.1) 93.7(6.1)
bR LR H R 5 T R el 98.1(7.7) 105.1(6.2) 97.8(5.9) 101.5(5.1)
i 99.6(3.3) 102.5(2.1) 104.8(2.6) 93.2(1.3)
1% 104.1(5.7) 100.3(2.3) 104.9(3.3) 89.1(7.1)
PRI R T iR i 97.9(3.1) 103.9(0.8) 96.2(4.5) 93.0(3.3)
= 106.5(5.2) 112.4(5.3) 104.8(2.5) 92.9(8.4)
ik 115.5(6.1) 110.3(3.4) 87.8(5.7) 105.3(2.7)
POP =B il i 8 i 103.1(1.2) 111.7(4.0) 93.9(7.4) 99.6(7.4)
i 99.9(5.2) 101.7(2.9) 98.6(6.3) 107.5(4.2)
2.5 REEMRE JB TR . HABGSINRILE 4 208 i TP BRAG Y
BTSSR R R T IHBR I 4, GB2760—2014 3 & i
GRARIE L TR A T8 ] s TR A I S SR, IR RS
B A LM i 105.6 mekg, JB TR A HERE S AT T HPLC A IIRE R, BRAR . ORHRIE il o

GB2760—2014 [ bRMEFBLE Sl bl ARy i p . 11 AP ECRESIIGRIRO Bt RF 1) 20% R BRI, AR
B le/ke, FERSIIEES P LA 512 0 87.6 mg/kg,  AVEHR CRRBHERUTIEE T, SRR E R, LR {E
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Lotz AT AR AN C R BT T 0,999, KR

I

HRET RN L EEZIRENEE. 25 Bk, &

WFSEEENT B AR E TR | TR, FLAR I AR,
RERS I 2 2 B AR I A 5 28, ATV Z2R b rp 2R iR
TGRS I A 73, B S IR B9 22 A PPAG B LS T A
ARTFE.
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