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PRI E i o Fsk OIS FEMA CIRPFTIVES 1. Oasis MAX SPE H:#4t{k, HSS T3 &% H:43 255,
1 279 nm PAALHITRN, MR E . R R B RR TR FEacR I SIS AR, R
Waters BEH C g FE4MES, 765K I 358 22 5 Wil (UPLC-MS/MS)E R, FH [l 137 2 s B0 o 6 Y ok A 5 4G
MW, &R WHEEE: F2R, CEFLRNEE FRELOQBIN 0.1 mgkg, & 2RI iLFISCEN
88%~90.8 %, MIXIFRIEN 22 (RSDY/INT 5.2 %; LA 2= 77 1 I 84%~93.3 %, RSD /N T 6.2 %, [AfiL
BRI NIEA 2 % . CHF 2K LOQ AN HK 1. 0.5 mghkg, A 4% . LHA LRI LT
RA0HR 82.1%~91.2 % . 90.2%~97.6 %, RSD 43 5I/NTF 6.1 % 5.8 %. #&IE A SCHENT (PRI )5 756 Rl —FE
FIRINZE S —5, W BELE M R & 22 8K . CHEF 2 R0 E A SR T R o B i
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Comparison of quantification methods of vanillin and ethyl vanillin
in infant formulas
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ABSTRACT: Objective To establish quantitative methods of vanillin and ethyl vanillin in infant formulas
by a ultra pressure liquid chromatography-ultraviolet spectrometer (UPLC-UV) and a ultra pressure liquid
chromatography-mass spectrometry/mass spectrometry (UPLC-MS/MS). Methods In the UPLC-UV method,
samples were purified and concentrated by Oasis MAX solid-phase extraction (SPE) cartridges after protein
precipitation with zinc acetate. The vanzillin and ethyl vanillin elution were separated by an HSS T3 column,
and detected by the UV detector at a wavelength of 279 nm. In the UPLC-MS/MS method, the protein was pre-
cipitated by acetonitrile. The supernatant were separated by a Waters BEH C,3 column and quantified by iso-
tope dilution liquid chromatography combined with mass spectrometry under multiple reaction monitoring
(MRM) mode. Results LOQ of vanillin and ethyl vanillin were 0.1 mg/kg, as well as the overall spiked re-
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coveries were 88%~90.8% (RSD<5.3%) for vanillin and 90.2%~97.6% (RSD<6.5%) for ethyl vanillin in
UPLC-UV method. In UPLC-MS/MS method, LOQ of vanillin and ethyl vanillin were 1 mg/kg and 0.5 mg/kg,
and the overall spiked recoveries were 82.1%~91.2% (RSD<6.1% ) for vanillin and 90.2%~97.6% (RSD<5.8%)
for ethyl vanillin. Conclusion As the similar performances including good repeatability and high sensitivity,
UPLC-UV and UPLC-MS/MS can be used as a routine method for the determination of e vanillin and ethyl va-
nillin in infant formulas.

KEY WORDS: vanillin; ethyl vanillin, MAX SPE; ultra pressure liquid chromatography-ultraviolet spec-

trometer; ultra pressure liquid chromatography-mass spectrometry/mass spectrometry
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Fig. 1 The structures of vanillin and ethyl-vanillin
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FrbrdfEnn 10.0 mg, FHHEFRBN 1 mg/mL, -20 'C¥%
IRRAT-

2.3 HmimikiE

23.1 SRR AR &R 2 B AT AL 3 3R

HEBRFRIL 1.0 g WEARFE T 50 mL 204, A
10 mL 4K TR, B AR 10 min, ISR
PR 2 mL. IWBEFE/MES], A 10 min; 10000
r/min .0 5 min, B FIER AL

YIS mL FEE, 5 mL AHAEKIE b AP
MAX SPE /M, # Fi &t 4, KA S mL 5
%2K . 5 mL HEE AR Bt fE, 5 mL 2% F 2 HT i
VEIE/INEE F AW B9, WSO BRI o VMV ALK
EiLT, FAMAKERZE 1 mL, iF0.22 um fHFLIERK
J&i, PR GG TR I
232 RARAR G LKA em) B AT AL B B

HERRARE 1.0 g BARE S F 50 mL .05, A
7.5 mL 4K IR, AR 10 min, 1SN
17.5 mL, W€ R~], #7410 min; 10000 r/min 25
L Smin, B FFR 0.22 um LI .

B 100 uL 35 T HERE/NL, A 100 pL [R5z
FAR, A 800 pL JishAH, FHAH % 5T i e A
[ {37 2 PRk A T ARG
24 SN EH
241 RABEEE

34 Waters HSS T3(2.1 mmX 100 mm, 1.8
um); #EFEARL: 10 pL; #iE: 0.3 mL/min; JZHHH:
0.1 %M R K IR W (A AR I Z 15 (B AH); 688 vEf 451
84 %My A FIFFZE 1.0 min, 28 2 min YL 82%
B A M, FF2 2 min ZRMEARIEN 7T1%09 A #, $52:
0.5 min, SRJ5%4 0.3 min 22510 R 100%B A, $5#4%
1.7 min 2 J5 28 0.2 min & PE2EAE N WI UG 1Y) 84%A 1A,
FEW 30 C; SEAMEINE A 279 nm.
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%48 Waters BEH Cig (2.1 mmX50 mm,
1.7um); JEREAFR: 10 pL; JEE: 0.3 mL/min; i 8)AH:
0.1 %H FR/K AT (& 10 mmol/L W R4k, A AN Z &
(BAH); 6 VI 451 90 %H A MIHF4E 0.5 min, £
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PEARAL VIR 90 %A #H; FEil 30 °C. FiiGS4UL
1.
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SEEEIREY, FER | CEEF L REAFRS
H A AN [ AR B2 %) 6 0 25 8007, (HL T 3 78 [m] — 3
B A B SRS 1 25 A 114 25 IAE 1R 25 UV IR
L, R 2% &K R 2 b [R) B 2t 5 1
Bl Pyt Ry 5
33 ZHXAERYE
33.1 &KMXAZ

STy SNAE Sy YR B ek VN Ly 'Y
50, 100, 200, 500, 1000 ng/mL, X FH i AH (038725 ik
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Table 1 Mass spectrometry parameters
ey =R BT (mlz) FEF (m/z) TifERER (V) HEFLHE (V)

. 93.04* 15 45

FER ESI+ 153.03
124.97 10 45
. 111.03* 15 45

CHF LR ESI+ 167.03
93.03 15 45
131.07* 10 45

13C6-F 2% ESI+ 159.12
99.05 14 45

H: *E 1 T Quantitative ions
T2 ERYNNEZE. CEEZENEI
Table 2 The matrix effects on vanillin and ethyl-vanillin

FE S 905 Ew Set 1 Set 2 ME %
o1 HE#E 14219.8 11991.4 118.6
CHEFER 14532.9 12757 113.9
. HER 15233.2 11991.4 127.0
LIEF AR 15687.1 12757 123.0
- HFER 12866.5 11991.4 107.3
CHEFEER 12932.1 12757 101.4

TPk, S84 R | LHF L RNLE S5 N
Y=127X-254, Y=101X-872(Y N4 MHEINAE, Hfi AU;
XNk, 847 ng/mL), 7222 R*=0.9999, ZJ
22 &K R=0.9997,

W& LR (C TR 22 2) b HEE WU W) 1A Wi 2l A0
R 5(2.5). 10(5). 20(10) . 40(20). 100(50) ng/mL,
[FIEFAIA 10 ng/mL 7 =2 K R 2= Nbw. RATBAHE
TR VA AR, TSR LR LA
EHLRIE TR B Y=0.58X-0.017, Y=1.26X+0.42,
F2LE R=0.999, LFF4E R*=0.998.

332 Al 22k

ST S FRE SV VROW R AR U S, VRORE £ R
400 ng/mL, WAHEIEFHER AT =R . CHEF=
ZATHH 40,20 ng/mL, PEFEGE . LAME IS L (S/N) >
ST 3 10 AEE, SRATNBM (ki fr 22 R .
LEEFF 22 FZ WK H FR(LOD) A 30 ng/mL, 2w R
(LOQ)¥42K 100 ng/mL, 2G4 i Pl sb BEH5AE H J7 vk
) LOD., LOQ 43424 0.03, 0.1 mg/kg; KBA @
TR VA e B A 22 3 LR 2SR LOD 4
B 1. 0.5ng/mL, LOQ 435/ 4, 2 ng/mL, F =%,
O T 22 RES AR AL B0 53 H vk (9 LOD 434il]
J90.3, 0.15 mg/kg, LOQ 434 1. 0.5 mg/kg.

3.4 HnkR[EYEERLLG
SZIGR FH AR I A VL 25 587 UL O MERR 1, BURH

PERESINAAR AR 3 AR BEZKT AR 1 RO (1
BEABIMA 0.1, 1.0, 5.0 mg/kg 2% | LHF/F 2
B YPRAE RV, RORE f35 B E TA A 22 R A )
A 1. 5.0, 10.0 mg/kg, ZHFE>=X 05, 2.5, 5.0
mg/kg MIFRMESEIR), B AKFEE 6 Ik, I FiR
ToUAh B 7 B RS s S5 A TN & WA €3 15 43 ) fn
A 0.1, 1.0, 5.0 mg/kg A 4FE . LIEF 2K
N VR, VRO IS B IREA L R A RImA 1.0
5.0. 10.0 mg/kg, LHF=FK 0.5, 2.5, 5.0 mg/kg [
FRUESOS I . FHER 3 AT, AR5 A 2= R i ik
RN 88%~90.8%, RSD Jy 2.31%~5.17%, ZIEFH 2%
(1 [ENISCR S 84%~93.4%, RSD 4 3.89%~6.11%., & AH
O T B A 22 Z A ERCR N 82.1%~91.2%,
RSD N 4.33%~6.01%, ZIEF %K MCK Jy IR
4 90.2%~97.6%, RSD K 3.16%~5.71%, WiFh ik
CIRG YRS UL [ salll 3w 8
3.5 EHEEIEEAFRE L RIEEC R A thER
3.5.1 KB FR. A B bR

I ) — A i I P A S 36 8 N7 A VRORH £ 3
R[] 57 2 R R JO B P 3 0 ) R AR 0 s A N, PR
R A S B FIAS I bS] &5 SR L 4

M 4 FTLUE H, PR L34 mT TR s,
TRAH TR H R L I AR 5~10 £, WRJTER
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FRTEAG I s 8] B 5 B 6 NFERPEATINE, ASINZ R TR 5), TEk:
3.52 ARSmARd L Rk DS N, PR R 25 R A —2, 0~6 DA

SCU PO G g A I R R A BRSO VL 7 WAL By RS 2 R R/ 2 R

x3 BZE. CEBFZHZWINREIEE (n=6)

Table 3 Recoveries and RSDs of vanillin and ethyl-vanillin in spiked samples (n=6)

ey 23 I 5 5 kgt SR IR RSD
(mg/kg) (mg/kg) (mg/kg) (%) (%)
UPLC-UV

0.00 0.088 0.1 88 5.17
HFER 0.00 0.95 1 95 3.55
0.00 4.54 5 90.8 231
0.00 0.084 0.1 84 5.91
LIEF AR 0.00 0.89 1 89 6.11
0.00 4.67 5 93.4 3.89

UPLC-MS/MS
0.00 0.821 1 82.1 6.01
H2ER 0.00 4.45 5 89 5.61
0.00 9.12 10 91.2 433
0.00 0.47 0.5 94 3.25
LHE =R 0.00 2.44 25 97.6 5.71
0.00 451 5 90.2 3.16

x4 BIPENTTER LIS

Table 4 Comparison of two different methods

BARIIWIRES E KR (mg/kg) PRERFL (uL) A3 HTE ] (min)
HER 0.03 10 10
UPLC-UV
CHF LR 0.03 10 10
UPLC-MS/MS s 03 10 0
i LHF R 0.15 10 6

%5 UPLC-UV 5 UPLC-MS/MS ¥ &F=Z%R. ZEFZRIHMNER
Table S Contents of vanillin and ethyl-vanillin by UPLC-UV and UPLC-MS/MS

B e B UPLC-UV (mg/kg) UPLC-MS/MS (mg/kg)
CHA IR A5 “HA 7
HFLE IR TFLE IR
1 / / / /
Bah )LBC 7 K
(06 1 1) 2 / / / /
3 / / / /
L 4 75.8 79.1 79.6 83.2
%‘6463\}?) 5 / 77.6 / 83.1
6 / / / /
4 2 B T (SRR TR Y A FE A | bk, RAEYE W

1R AR TIUAL 3y 3 TP 38 A () ek 4 g 22

ARSI R TR RAULBCT B & 2520 gy Ly s BRI, A AT T R
FEA >4 2R WA €2 1 vk A ] 57 2 AR BRI BT I 72 o iR SAEHL R S 23 K | [R]o 25 s TR R P o T A B
AT IR ] MAX SPE /MEHHE . TEEBR T RIZIE VIS AR BSERE . R Z AR IE 2 &,
Y R 3 2R B[R] I o 4R T R, AHEE T HATIR XTI AR TA T 3,4- 0 AR 2
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