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Abstract: The method for screening of 26 kinds of additives in wine was developed by
liquid chromatography-quadrupole/orbitrap high resolution mass spectrometry. The
additives were separated by C18 high performance column after the wines were diluted
by methanol-water mixtures (1 : 9, V/V). This method was quantitatived by external
standard method using full scan mode of high resolution mass spectrometer extracting
accurate mass extraction of the target compound. Good linearity is obtained in the range
of 0.1-5 mg/L for 26 kinds of additives with the linear correlation coefficients greater

than 0. 99. Satisfactory recoveries range from 78.5% to 118. 8% at three levels of 2, 4
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and 20 mg/kg are gained in dry red and white wines with the relative standard deviation
less than 12. 7%. The limit of quantitation (LOQ) is 2 mg/kg. This method is suitable

for screening of 26 kinds of additives in wines by its fast and simple preprocessing with

high accuracy and precision of high resolution mass spectrometry.

Key words: quadrupole/orbitrap high resolution mass spectrometry; high performance

liquid chromatography; wines; additives
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1.4 UHEEHE

1.4.1 @& (fi%4: Phenomenex Ki-
netex C18 # (100 mm X 4. 6 mmX2. 6 pm) ;i
A HEE(A),5 mmol/L BEBR %K K (B) 5
Ui 0.40 mL/min; F: IR % R 3 KR
10 pLs 43 Hritia) 13 min; B B SRR P51 T3 1.

Rl BEREHER

Table 1 The gradient elution program

B ] /min FEE/ % 5 mmol/L BEFREE W/ Y0
0.0 10 90
1.0 10 90
5.0 95 5
10.0 95 5
10.5 10 90
13.0 10 90

1.4.2  JiiEsF  In#IEEEE 300 °C, B4E
IR FE 350 °C, Wi R 3 000 VAR TR,
JEEHMEE m/z 100~1 000, — % i % 2+
¥ 35 000, C-trap | KA B (AGC)3 X
10%,C-trap KAt [H) 200 ms.

2 FRMTL
2.1 BIRbEAZERMEN

R U /0 B BN Al 0T AR R A SR AR R,
UK A & KB (L 9, V/VD
MR, st R, EEH#EH . TRE
B A E A ol e R RS L UE I R A
g, B4 E 650 B T i AR 2 R, )
IR BN E AR A W R . Rk, A
MEFZE TR GG 4R (MCM), Jé J (Nylon)
FAKBBNE B (PTFE) . B WA 2 &
(PVDF) 1 R Bt R (PES) 45 5 F A4 5t A9 U8 IR X
AR E R A . 8 AR B s &
B : MCM #il Nylon Ui f& %t 2 8 51 2 4 58 4 )
B, JLFJE [a] die s PTFE #1 PES B W B VE A &
AN BT TR B 4T AR A AT B X B R 4y TR
BRI K 50% L E . 1A i g g

B R B, U 0 AR B el i R AE 80X ~
120% Z 6}, JC B & M9 2E R s . BN O, #0 5E
RIACEF LI RAERBEE AT RE, B
HERE AT
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B 5T 5 [ A ) 2 A M B OAS [ A s, Y
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SR AR T JLFP A DL R K A 1 AR A
MAHFEEERT CEMPE, KHEEEERT
47K # 5 mmol/L FERRE KB . BT RAHK
BRI, U A Hon A BR 2 91 1 RS
FITE I8 JIT LR X 5 00 R 1) it 3 A i AT 5 4%

W R, 5 IR AE R W s A, R H
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ZJuRMHE AR TIRE R, E8E
M LU, ZEMR BE R 100 pg/L B REK H, T
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EZEEFG T BRI EL S, WRAE
4.77 min ¥, I H 4 4R 7E 5. 10 min H 1§,
EEFRESTHE 1. HL, R LHRELRA
F -5 mmol/L BERR & K IS WAE R Wi 34
2.3 RiEEHHRL

ATRFE AT AT BB 03 2 & A B A (—OHD,
B KT\ Na® B A, ERBEHERF, 5
KEHT K'Y \Na® 5581, 8 B 5 A i 56
B, & AT TR AR .
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Fig.1 Extract ion chromatogram of Amaranth

and Ponceau 4R in standard solution
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fERERBET.

TLIRLLFNN A 4L AR J& R 7 B4 4k, i
PRAT AT B 2 B, — 3 RO AR B[] s A R TR S (LR
SR [M—3Na+H]? BT m/z 267.982 70,
TN WERLLIE MG M —3Na ]~ BF m/z
178.318 71, EL 0 J7 {5 1k m/= 267. 983 52 g
fi5. ZEBEENRSTM, Pim/z 178.318 71
ERREANERE T.m/x 267.983 52 fE R
MARL AR ERE T,

M F AT R — %% AT, KSR
PO B R B BT e e, IR i R RS
SF o 00 5 ) SR R R XA 25 0 L T B A SR Y
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B ML, A6 M S I R Ay 1L 5 PR 8 J5 AT LG AE 22
At =1X107°, BV AT A€ o Al R 49 5, BH P
AT 55 v g 5 b ko B8 B T R W 5
kAT - EN RSN, HEES 26
s n 390 A B 48 B fer L A S R AT B B T
F2. HE2FHBAUER, =& KM R
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MERBERRBEREER.
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Table 2 Information table of 26 kinds of additives

Bt m/ = FEER R
&Y CAS & 5FR BHRELR = o
Hig Eal] #/107¢ [l /min
7 B 2 Benzoic acid 65-85-0 C7Hs 02 122. 037 00 121. 029 18 121. 029 50 [M—H]~ 2.7 4. 84
WAL ER Sorbic acid 110-44-1 Cs H7 02 112.052 43 111. 044 60 111.045 15 [M—H]~ 4.9 5.40
J5i45 2.8 Dehydroacetic acid ~ 520-45-6 CsHs 04 168.042 25  167.03443  167.03498 [M—H]~ 3.3 5.41
TR
25013-16-5 Ci1 Hi502 180. 115 04 179.107 21 179.107 75 [M—H]~ 3.0 7.88
Butylated hydroxyanisole
2,6- =R T EANH )
128-37-0 Ci5s H2a O 220.182 71 219.174 88 219.175 44 [M—H] 2.5 9.60
Butylated hydroxytoluene
RH R A )
99-76-3 CsHsOs 152. 047 35 151. 039 52 151. 040 07 [M—H] 3.6 6. 86

Methyl paraben
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TP
e CAS B ATR i 8 Rt /e gy R REN
e S 2105 il /min
T A ]
Ethyl paraben 120-47-8 CoH1003 166.062 99 165. 055 16 165. 055 72 [M—H] 3.4 7.22
BRI T )
Propyl paraben 94-13-3 C1oHi1203 180.078 64 179.070 82 179.071 37 [M—H] 3.1 7.56
R T T A .
Butyl paraben 94-26-8 C11H14 03 194. 094 30 193. 086 47 193. 087 02 [M—H] 2.8 7.84
HEE Sodium cyclamate  68476-78-8 CsH12NNaO3 S 201. 043 56 178.053 79 178. 054 34 [M—Na]~ 3.1 5.68
ks 44 Saccharin Sodiuma 128-44-9 CrHyNNaQs S 204. 980 96 181.991 19 181.991 74 [M—Na]™ 3.0 5.04
HEE Acesulfame 55589-62-3 C4H4NKO4S 200. 949 81 161.986 11 161. 986 65 [M—K]™ 3.4 4.09
oy #5728 Aspartame 22839-47-0 C14H1sN2 05 294.121 58 293.113 76 293.114 30 [M—H]~ 1.9 6. 32
=GB Sucralose 56038-13-2  CiHisCliOs  396.014 56  395.006 73  395.007 27  [M—H]~ Li 612
3BT Stevioside 57817-89-7 Css Heo O1s 804. 377 99 803.370 17 803. 370 69 [M—H]~ 0.7 7.60
1 #f Neotame 165450-17-9 Ca0 H3o N2 O5 378.215 00 377.207 17 3717. 208 20 [M—H]~ 2.7 7.52
¥ % Tartrazine 1934-21-0 C16 Ho Ny Naz Og S 533.950 38 232.994 45 232.995 01 [M—3Nat+H]?*™ 2.4 4.54
H 7% # Sunset Yellow 2783-94-0 Ci1s HioN2Na; 07, S;  451. 972 47 202.996 47 202. 997 02 [M—2Na]?~ 2.7 5.47
FERL Allura Red AC 25956-17-6  Ci1s H14N2NasOsSs  495. 998 69 225.009 57 225.010 13 [M—2Nal?— 2.5 5.72
W4 Amaranth 915-67-3 C20H11N2Naz010S;  603. 926 88 178.319 19 178.319 74 [M—3Nal]3~ 3.1 4.79
W% 2L 4R Ponceau 4R 2611-82-7 CooH11 N2 Naz 010S:  603. 926 88 267.982 70 267.983 25 [M—3Na+H]?™ 2.1 5.10
FBEL Erythrosin B 16423-68-0  CaoHsliNasOs  879.618 90 834647 18 83464777 [M—2Na+H]~ 0.7  6.89
R ELL Azorubine 3567-69-9 Cz0 H12 N2 Nagor S 501. 988 13 228.004 30 228.004 84 [M—2Na]?~ 2.4 6.21
JEMEA B Phloxine B 18472-87-2 CaoHyBrsCliNasOs 829,511 44 784,539 73  784.540 31 [M—2NatH]~ 0.7  7.21
2 1% Brilliant Blue 3844-45-9 C37H34N2Nag OgSs 792.122 19 373.071 33 373.071 87 [M—2Na]?~ 1.5 6.09
B4 New red 220658-76-4 CisH12N3Naz011Sz  610. 932 68 271. 485 60 271.486 16 [M—3Nat+H]?~ 2.1 4.66

2.4 ZEEE.TER BURMBETE

LA v i 0 T AR R A AR AR, T I TR VR BE
(pg/ L) Jg 66 e b, 222 1 b i A i 42 (0. 1~
5 mg/L, bR KA K 1/2) 26 FHE N5
LY RE r KT 0.99, LA 26 FHER N
REWERY {5 R L S/N=3 IR FEREVE B Wi
FR &t PR Y8 BB 7E 0. 05~50 pg/L, &5 55 F
% 3, MWRYEH T REE RALY R K E R AT
el e, B PR B TR (S/N=10) K
2 mg/kg, 7EFI¥ET E R %R T 40 A T A
i RN 26 0 5 5 AR v SR, TR INOK T
2.4 1 20 mg/kg, A B INAKTF47 02 6 4
BE S, 3 B R AE 78. 5% ~118. 8% 2 i), &

EERLSN~12. 7%, 415 Tk 3. H,
FAME: T 204 25 WA & P N 2 mg/kg (1 26 F
N S TR E R T 2,
2.5 SEEREESET

b SR S 1 AN
S R RN TR) 7 | B 50 4% 03 A 2 TR A o
T340, 25K L BLRR BH AR 2 S R (B 4
%24 130. 4 mg/kg Fl 100. 9 mg/kg; &% A
PERERD 1A R fE S 3. 2 mg/kg; P RR4L FHME
BEdh 1A Kt {E A 16. 1 mg/kg; &L 4R FH
PERE 1A R (Y 17. 3 mg/kg; 5% 8 FH P
Kl 1A, BB 5. 2 mg/ke; HRARHE %
B
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Extract ion chromatogram of a blank dry red wine spiked 26 kinds of additives(2 mg/kg)
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R3 FTAHBED 26 HEMF L MR KR ENBEE (n=6)

Table 3 Recoveries and precisions of 26 kinds of additives spiked in blank dry red wine (r=6)

K
o 2 mg/kg 4 mg/kg 20 mg/kg BEE/
R L R L L Cpg/1)
/% /% /%

FHEBR 103. 1 5.6 99.5 5.7 88.9 4.5 40

[ilg 87 98.9 8.1 101. 6 2.9 88.9 6.3 2.5

B ] 100. 6 7.1 100. 0 7.1 99.8 3.0 10
TRER AL B 103. 9 12.7 107. 9 8.3 101. 4 6.0 40
2,6- 80T He X B 101. 3 9.4 92. 8 6.1 89. 4 5.6 50

X ¥ LR YRR Y g 98.1 12.3 91.5 5.3 90. 4 5.2 15
Xt AR R R 94.0 1.1 98.8 6.0 96. 0 4.3 0.15
o 2 5 P TR T il 96. 9 12.1 90. 7 4.8 89. 7 3.8 3.5
X EEHL R A RR TR 96. 9 8.0 108. 1 4.1 99.0 4.1 0.07
HE% 104. 9 3.2 106. 0 4.6 93.3 2.9 0. 20
RS 108. 0 5.2 104. 8 8.3 88. 8 6.1 0. 05
BRE 99.3 6.3 103. 3 2.5 86. 6 2.6 0. 25
o 37 2 98.3 2.9 107. 0 8.9 83.3 2.3 0.25
ZABERE 107. 4 4.6 107.5 6.1 90.3 6.1 0. 45
BB LA 83.7 4.0 93.0 8.0 94.9 4.6 0. 40

o F 99. 4 4.0 100. 1 8.2 88.0 6.3 0.7
R 100. 5 6.0 103.9 2.1 97.1 2.5 4.5
HE® 102.2 6.8 96.1 10.0 92.4 5.4 1.2
R 103. 4 3.0 94.3 5.7 92.0 6.1 0. 40
E3RLL 90. 5 3.9 100. 0 4.7 84.7 2.5 5.4
&4 4R 101. 4 6.2 90.3 6.5 86.0 3.8 0. 50
IREELL 85. 2 7.6 101. 6 6.4 84. 8 4.1 0.36
HBAEL 104. 9 9.3 96.5 1.6 94.0 2.9 1.8
kL B 103.0 7.2 92. 8 5.9 84.0 5.1 3.4
=i 100. 5 5.7 103. 9 5.1 97.1 5.1 2.7
Far 102.2 3.6 96.1 5.6 92.4 2.4 0. 47
3 i HIEESK , HREHE N TR MY i A , A R T 38 B

ARG B SO - DU AT /Ee gy LAERRITS
03 B 3 R L A R A o 26 AR
INF . 07 E T R R A B AR Sy BRSO
BB TR T B T b e vy (1) R ERIA S E, SR HPLC RN
M, J7 8 1 2 B PR AT R A A VR B MHEEF S FHEHBMF AT %L
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