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Determination of 14 kinds of organic acids in fruit wine by automated solid
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ABSTRACT: Objective To establish an analytical method for the determination of 14 kinds of organic acids in
fruit wine by automated solid phase extraction-ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The samples were purified by MAX SPE columns. The analytes were separated on a
Agilent Eclipse Plus RRHD Cg column (150 mmx3.0 mm, 1.8 pm) by gradient elution with 0.4% formic
acid-acetonitrile solution as the mobile phases. The MS analysis was performed by dynamic multiple reaction
monitoring mode in the negative ion mode. The external standard method was used for quantification. Results The
developed method showed good linearity for 14 kinds of organic acids with the correlation coefficients (+%) greater than

0.991, the limits of detection ranged from 0.7 to 50.0 pg/L. The limits of quantification ranged from 2.0 to 150.0 pg/L.
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The recoveries were in the range of 82.6%—117.1% with the relative standard deviations of 0.6%—8.7% (n=6).

Conclusions The method is simple, sensitive and reproducible, and is suitable for the qualitative and quantitative

determination of organic acids in fruit wine.

KEY WORDS: fruit wine; organic acids; ultra performance liquid chromatography-tandem mass spectrometry
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spectrometry, UPLC-MS/MS)H A KL T4/b, Jrik REBUE
FIRE R, RIS IR IR BEE T T Z RO
DA DR H AR 0 P8 1k M€ A R HERR, S H Al
VANIEEEY Ve ialliEsd S

WATR . SRR ARG TR, R, 3%
FARR . NHAIRAE F S I T RS Rl R P AT HLRR Y ik
X TSR B XU | RS L it A 5 T AR RS IR, B
DU Hh A HLIR A 35 S A+ o3 b e o A A )5 1 2R )
RO T I R Il A R . SRR . ZEER . AL
R . R AR AR S LA R, DIERRR | o R |
WL RHIR . KBRS R b & AR, 24Tk
BZ, R b ILTAR RS X LA 5T, A D0 X B
Ko B2 R A5OSR B (38 - H IR v X 2 v
10 FAHLERIEATIE, 12007 BT 075 35 min, AT
A, HARA IR . AR . o-BR% R . N IR |
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1 MR5ERZE

1.1 MR5iRF

HEE., 2. B[k, ZBRFBRESLEER
oAl AR, B R R B A FRA R

SEARTR(ZETE 99.0%) | FrER (41 98.0%) . N IR (4l
B 97.2%) . & ER(ZEEE 99.0%). ZETER(ALE 98.0%)., 7K
R (4 99.8%) . o-FH L —FR(LEE 95.7%) (K HE P /RIEFL
TR A); ZEBR (A 98.8%) . NHRR (4 98.5%).
R PREEE 99.9%)([Ab Iz BB A BRA R, & DR
(4l 99.6%) . BEIAMR (AL 99.0%)[S WA (i) E R
HRRAHE; FLRR(AERE 98.0%) B A1 FR (LEE 98.0%)(_E#E T
FHEARHER AR 554 PR
12 UFE5EE

TRIPLE QUARDS500 it i 20 A €2 13 - 5 B S5 335 /)
(3£ [# AB SCIEX A H]); S220-Bio-CN pH i, XSR204 HF
SIFT R (RS BE 0.1 mg) (il A7 -5 R 224 H); N-EVAP
AWAL(ZERE Organomation /A ]); Milli-Q #R4LKHL(EERE
Millipore 3 il); Waters Osis MAX [EAHZEHUT:(3 cc/60 mg)(3E
[&] Waters 2y 7]); Cleanert SAX [EAHZERUH:(3 cc/60 mg)(FF:H
N ARBIHAE R F]); CNWBOND A ALER % 7 & A < B
FEGB cc/60 mg)( b i 2% S I B By A BR 2 7)) Agilent
Eclipse Plus RRHD Cg#(150.0 mm*3.0 mm, 1.8 pm)(GE[E
Agilent /A /]); Waters BEH C ¢ #4(100.0 mmx 2.1 mm, 1.7 pm)
Waters Torus™ DEA #1:(100.0 mmx2.1 mm, 1.7 pm)(3E
Waters A F)) o
1.3 ZWFFE
1.3.1 AR 4 ek

SAARRIE R, &SR, KR, W RS AS
100 mg, HFLERZE 10 mL, EHIE 10.0 mg/mL HIFRHERE
W PR AR . IRIR, MR . N R, BT
M. B R . JEECIR . NENAR . FLER . BREIRRARES,
% 100 mg, KEAZE 10 mL, BLHl1F 10.0 mg/mL IR HERE
KW
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FH15E

B B 43 RS IO F R BR A 45 2.0 mL . a-
i P R bR HEGE 5 3.0 mL . KW RRARHERE % 0.1 mL
SESRFRMERS R 1.0 mL . VB A BRARERE U 1.0 mL | A7
FRFRUERE 5 1.0 mL, A ZFRAREREF 1.0 mL, TR
PRUERE A 1.0 mL . ZE R IRFRERE A 1.0 mL . N EdRR bR
WERE £ 1.0 mL . FLERFRUERE AV 1.0 mL . BEHIRR bR fEH
W 1.0 mL, & FRBRERE A 1.0 mL . & DERFRERE A
& 1.0 mL F 20 mL &P, KWERIF R Z 205, B
3 14 P HLRRIR A AR R (500 pg/mL).

FRvfE TAEW: FH0.4% H IR ACHE s o Hh 8] 3 % 0 7 7
ARV B (14 Z2 5 AR T AR
1.3.2 #emaras

HESRBURIE 1.0 mL, MUKFRESE 20 mL, /K
pH E 9~10, I/KEARZE 50 mL, 5FER; B84 A shFE
AEBUL (BRI E R 1), KA S mL I, 5 mL 7Ki& b

1.4 {UEETIEEH

1.4.1 &A8EELM

{435F8: Eclipse Plus RRHD Cig (150 mmx3.0 mm, 1.8 pm);
IEFIRE N 35°C; N 0.5 mL/min; JEFERSN 10 uL;
WEhM A NN, W B IS A 0.4% W IRk, BT
JBi: 0~4.0 min, 100% B; 4.0~10.0 min, 100%~40% B;
10.0~12.0 min, 40% B; 12.1~15.0 min, 100% B.
142 JRi%&M4

HUESS B IR s I, 454 sh A 2 B M s
K, BEFIEE: —4500 V; ST 275.80 kPa (40 psi); filf
S 62.05 kPa (9 psi); FA4L < 379.22 kPa (55 psi); BT
TR 550°C; 14 Firg HLRR IR BRI TE] . FE3F . FET
R FTESHONE 2.

#1 2BAmEREZFERRLIEF

Table 1 Automated solid phase extraction purification procedure

e o ey . T
MAX [ A AE ORE MR IZIR 3 mL REWE 4%, S mL K, 5 mL HE B L
PR G AR ZE BORE, SR, 6 mL 10%H g Ak 1 ik FH 2 2 5
Ve, WAETER T 40°CAMBH AR EIL T, 0.4%F R 2 AL US 2 5
KEF AR 3.0 mL, 3 022 um BFLIERS, B ; ;ﬂ“f; " : :
N 2y 2 W] A NERTIYN i
F UPLC-MS/MS 437, (IEAR. SRR . 2L . 7R . y e i ) 5
ZETIR, BEIARRIN EREEAR RS 20 A dbkE, R . ZFE 6 2 S IE R — 5 5
R, E5R. KGR, N . o-f &, N R, X 7 AR 10% 1 2 H Bk 2 6
FF R 0 A T L A < e — R SO I,
2 4 MBHEBHNRIZSH
Table 2 Mass spectrum parameters of 14 organic acids
YR 4R {5 B4 B} 1] /min FFET/(Q1, m/z) R BT (Qs, m/z) PN N AY Till 42 Ha /v
87.1% —40 -15
AR 1.50 149.1
73.0 —40 -15
115% -40 -15
IR 1.92 133.2
71.2 —40 -15
B 43.1%* —40 -15
Az 2.44 89.2
45.1 —40 -15
111.1% —40 ~18
FrIE IR 3.52 191.1
87.1 —40 -18
92.9% -63 -18
FRER 2.06 172.9
73.0 —65 -17
81.2% -60 -25
O g 7.71 144.9
100.9 ~100 -21
85.0% -70 -26
TR 1.58 192.0
94.0 -70 -26
70.9% -34 -12
[T 3.91 114.9

32.1 -100 -21
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R 2(8)
Y 24 FR £ £3 15t [8] /min BEBSF/(Qi, miz) R B (Qs, m/z) RIEHRE/NV il i FRL R/ V

73.0% -25 -15

BRHIR 427 117.0
99.0 -25 -15
92.9% -51 -30

KGR 10.09 137.0
65.1 -100 -39
32.1 -50 -12

I ARR 1.88 87.0
43.1* -50 -12
72.9% -27 -16

ol % — 1R 2.51 144.9
101.1 -90 -18
58.9% 24 ~11

N R 2.09 102.9
40.9 —60 -35
78.1%* ~70 -16

R 9.77 121.9
77.1 -70 -17

TR B X

1.5 HIEAIE
SEIRCPR T S 3 RINE, 459 d ] Origin 2021 4
3%,

2 HER5SH

2.1 UFEFREMK
2.1.1  &akAayindd

FCAH Cog (iBAE 2 HHTA LR 2 Hr i TH A (AL, 23
B AL WL | R a0l sl 14 FhoA AL
BRI 88, /3% 84T Agilent Eclipse Plus RRHD Cig
(150.0 mmx3.0 mm, 1.8 pm)., Waters BEH C;5(100.0 mmx

2.1 mm, 1.7 pm)#1 Waters Torus™ DEA (100.0 mmx2.1 mm,

1.7 pm) 3 Fp A FEAEXT 14 Fa HLER B 20 2 3OR . S5 R KW
Waters Torus™ DEA {A,i541 i WA )RR, e ¥ 4 48
1 min /&4 106, Waters BEH Cyg (3354 W )48,
BRMR . oW R . TN R . SRR . LR AR AEL IR LT
E, HIEEAXTFRIEA HiE; Agilent Eclipse Plus RRHD
Cis BB RERS A R 14 P HLER AT 4T, HEANY
JEAE 11 min IR H0E; [RIGRERR (B 3% 4T Agilent Eclipse
Plus RRHD Cjg (150.0 mmx3.0 mm, 1.8 um)i#E4T 4> 2500 & .
2,12 RHhAang ik

1470 BER A MR N SIR, B KRB, (HE T35
FIAT LR AE (B AT TR FR 455, BRI e i sh Al oA
1R, WA shAH pH A FEA HLIR 7] 73 IR e 4, 3 HAE
R ERYERERUOPT ) RSB EE T 0.1%H RK, 0.4%
HERK, 0.8%H BR/K s, S5 &I 0.4% P BNz
R B 45 400 S50 7 A 7 L 0.8% FF R /K Ay 3L 29 B o) 5 AR,

1E 0.4% B K Hin A 5 mmoL/L W B4R 5 & W) B T s A7
g SEE I I (RIS, R 0.4% F R A ABFSE TR ah Al . 4
A5 T EE-0.4% H FRAK M 215 -0.4% R /K, S5 % 31
T MRS SRR R, &5 kLR, 5%
INETEFEFIAE AL RE, ZIE-0.4%H BRK AT 14 FaHLERRY
AT BE | T A MR, R L 2 -0.4% R AK N
AWTET AN . 14 g HLRR M B3 T aig E LA 1.
10

14
8_

7

=)}

R /% 106

&
s 8 10 12 14
fisf B /min
L el TR 2. TRHR; 3. TN R 4. INENIR; 5. & ShiR; 6.
BRIER; 7. © R 8. TEAER; 9. TR 10. JREER; 1. FrEme;
12, 30 13, FLEE; 14, K.
B 4R HLER AY GBS T i

Fig.1 Total ion current chromatogram of 14 kinds of organic acids

2.1.3 ikeyikdE

ARFFTHET 0.4, 0.5, 0.6 mL/min 3 Fhifiik F HEx
G0 BT ] | TR | AR RIS IS Bl . AR ER I
N 0.4 mL/min BN ERER | o-F 5 BRIG A BE, IR
%, FRMREAHE, KGR H IR E 5 A REFE 15 min
g, TLE 2; MFEECN 0.6 mL/min Y ES T I8 e
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FH15E

U1

oy
UIL
1=}
B

R 0.5 mL/min B, {88 AR HH g ps) B R b 3553,
LBEPERLIE N 0.5 mL/min,

8

S 6

X “

= 4

o | |
0 | WALV
0

2 4 6 8 10 12 14
f5f[E] /min

F2 0.4 mL/minf B g E
Fig.2 Total ion current chromatogram with a flow rate of 0.4 mL/min

22 REEHFSMRK
221 BEASFRAEG LA

R R AAE KRR . 2. BRELEY,
YA 0] et A HLER ARG 55 AR 21, Waters Oasis MAX

I R A BORE: 2 S A RS 1 1 7 S 2 S R I MR A,

ﬁ‘éﬁﬁi&%%@%%fﬂ%ﬁﬁm]; Cleanert SAX [HAHZE BT )&
VAT 2 Ay 26 S5 1 5 B 5 1 s 4 A IR, B R i
A, & FAEMRMWES T, & AT 5 m®RE
CNWBOND F #l 1R & F [l #H 2 B AE £ 2 4 % GB
5009.157—2016 &L EZRbRE &5 HLER A2 )
FEWE H/IME, AR5 %EELT Waters Osis MAX [E A%

HUFE | Cleanert SAX [EAHZEHUH:F1 CNWBOND H L2 %
FH ] AH 2 BURE %5 520 1000 ng/mL fORFIRE S b 14 Fig
HLER Ay PN S 52 . SEgn 25 RN &l 3, Cleanert SAX [E4H
LR 2 SRR 4 R8s 2%, CNWBOND #5 HLER % FH [ A1
FEHURE Xt 7K g 18 2 R R A (DU 45 2%, T Waters Osis
MAX [FERIZERUEXT 14 Frg HLRRENCE K 85.1%~110.5%,
A8 Waters Osis MAX [ AHZE BUR: A BIF 5T AL ATE
222 pH#ik$

FAHAE O EAERTREIR pH AU ELER, LB %588 m N
1000 ng/mL FFMFE LAY pH A 6. 8. 9. 10, 11 B4
PIR R EIR . FREER R G pH Ee ARtk &4/ pKa /0
KF 20, ARBBIESS BRI A W2 5 &3 pH h 6.
8. 9. 10 B}, pH X454 5 (4 LR 2 AS R AR K, {HAE pH
MR, TR KERATE RN G N ERZ, B
7 pH K% 9~10 B, [AH AL HUR: 25 B (0 3 I RUCR 84T
IEEESE pH 9~10 7 FAERTHE ) pH, AR LA 4,
23 FHAEZWIE
231 KEEE. BHERAE R

W 14 FPG HLER Z50ARHE TAEIR, H% 08 1.4 (35 s 4
PRREA TN AE o LA 14 A MILIR 1) 0 e Tk AR R A bR (X), DA
Frip p e AU P ABAR(Y), iz, Wk 2. 45
TR, 14 B HLIRAE S 2200 Tt T N R R R
U, FIERBOAHIIRT 0.991. 205181 3 45H 10 f5 {50

I MAX [ A ZE U
I SAX [ AHAE BUH:
120 = A HLER AR A B
§
) o
=
& H & & & % H & & & & &
AN i 7 24 oD Q / 7 &
R R A @@@@/@/f&
FERIN T e ¢

PE[3 [ AHES O T 1 4800 HLER [l R 4 32 )
Fig.3 Effects of SPE cartridges on the recoveries of 14 kinds of organic acids
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—— AR
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FEilpH
€4 FERpHEA 14T HLIER (B R A5 R
Fig.4 Effects of value of sample solution on the recoveries of 14
kinds of organic acids

(S/NYBf 5 5 B A6 4 BR (limit of detection, LOD)FIAE fFR

(limit of quantitation, LOQ), #5%3%&H 14 FiEHLERY LOD

4 0.7~50.0 pg/L, LOQ 4 2.0~150.0 pg/L, ¥ /& 5205k,

ZER LR 3.

232 WD R BAEE E R
TEWERREFIZA B MALL . Hr o & 3 DRI 1YiE

pH6 pH8

WIRGARERT, AT 6 OFATIRER, Z5FR W% 4.
I LR 3 A1 7 2 TR 82.6%~117.1%, H
Y BRUE 22 (relative standard deviations, RSD)A 0.6%~8.7%.
S5 TEFIAZ T R A HER B FORS 2 B AT, SR TR 14
TP LI A
233 REM

W RE VP R 75 AT A PR R G AR TS R, i IR
1.3.2 il & s, 57 0, 1. 2, 4, 8, 12, 24 h
PEATINAE o S5IRRIIEYITAE 24 h NERE, IS ARTE INARFE
ARG RSD < 5.2%, 7 Bl Inbrt i IE A RSD <
5.5%.
2.4  SEPREE BTN

S FH BT ST B 5 B W S R WS AT . FH AT | BRABERE
W AR . AR ST, AR SR A PR B
WL 5. Z5HEV], IEE . A0 . AR EEA
WUER Y SR, o B AE 1662.7~4141.4 mg/L ZJil, Whs
WA A EE AR, =030 1600.6 mg/L il
1100.5 mg/L, BRI dh FLER AT IR & 5, 407l
2708.5 mg/L F 2240.1 mg/L,

#3 M4MHENBRNEMTEE. &MAE BHERY. wERMNESR
Table 3 Linear ranges, linear equations, correlation coefficients(rz), LODs and LOQs of 14 kinds of organic acids
" 2N . ) LODs LOQs
A (ng/mL) A= " oD D)
AR 50~3000 Y=4029.36870X+3.58912¢4 0.99947 2.0 6.0
SRR 50~3000 ¥=9755.53535X+4.61603¢4 0.99924 2.0 6.0
LR 50~6000 Y=1331.68972X+8.88611e4 0.99147 5.0 15.0
FrEER 50~5000 Y=12690.91581X+6.48473¢5 0.99758 1.0 3.0
FRER 50~3000 Y=2384.59455X+4.17797¢5 0.99270 1.0 3.0
A7 50~3000 Y=3000.14242X+1.35255¢5 0.99628 10.0 30.0
& TR 50~3000 Y=238.16788X+8280.12694 0.99349 2.0 6.0
W R 50~3000 Y=2493.64100X+3.05667¢4 0.99841 10.0 30.0
BRI 50~3000 Y=8043.01087.X+7.87698¢4 0.99900 3.0 9.0
KA 2.5~150.0 Y=1.14703e5X+3.22491¢5 0.99825 0.7 2.0
afiaivi 50~3000 ¥=129.83118X+1561.15675 0.99685 10.0 30.0
ol 1R 150~9000 ¥=130.21996X+2717.57083 0.99910 50.0 150.0
[ 50~3000 Y=4224.82012X+5.27004¢4 0.99852 1.5 45
AR 100~6000 Y=47.10105X+990.93748 0.99983 33.0 100.0
F 4 14 FFNBERTE AR BRI KT T A B2 5048 33 #r A IR 2= (n=6)
Table 4 Recoveries and relative standard deviations of the 14 kinds of organic acids at different spiked levels (n=6)
WA o r sl
A ﬁ”/z; ff %% RSDs/% Iz EA(/L) [ i /% RSDs/%
0.40 105.4 2.0 0.10 108.0 8.4
NP 0.80 95.7 6.1 0.20 101.7 6.4
1.20 97.2 4.8 0.40 98.3 25
0.10 106.7 4.6 0.10 117.1 6.9
FRIR 0.20 109.3 33 0.20 105.8 43
0.40 108.0 3.2 0.40 101.4 6.8
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R HAT
AL WEJL‘)* i % RSDs% MK F(eL) /% RSDs/%

0.25 98.5 6.8 0.25 105.6 8.3

IR 0.50 103.5 3.5 0.50 89.2 8.7

0.75 96.3 3.8 0.75 101.4 6.8

0.40 96.3 7.9 0.40 100.3 7.0

PR 0.80 98.5 5.0 0.80 89.2 8.7

1.20 103.2 5.4 1.20 88.5 3.5

0.10 115.7 4.4 0.10 100.8 8.3

FE R 0.20 113.9 2.6 0.20 113.2 3.6

0.40 86.1 2.0 0.40 84.0 2.7

0.10 103.8 3.0 0.10 107.7 3.4

o R 0.20 113.6 1.4 0.20 99.0 0.9

0.40 112.7 1.8 0.40 110.6 1.1

0.10 87.5 6.1 0.10 83.9 8.5

TR 0.20 107.6 2.6 0.20 102.9 4.1

0.40 96.7 2.7 0.40 109.1 4.6

0.10 114.5 2.8 0.10 106.1 2.6

[T 0.20 114.3 22 0.20 106.8 2.2

0.40 103.5 0.9 0.40 101.1 1.5

0.10 101.2 6.7 0.10 91.9 6.4

BEFIR 0.20 113.3 3.0 0.20 102.0 3.7

0.40 91.4 5.0 0.40 114.3 1.1

0.01 83.0 1.6 0.01 86.7 3.8

KR 0.02 91.7 0.8 0.02 92.1 1.8

0.04 92.2 1.2 0.04 85.3 3.5

0.10 101.0 5.4 0.10 86.0 24

TN g 0.20 98.9 4.7 0.20 88.4 6.1

0.40 86.9 3.5 0.40 101.5 0.6

0.30 93.3 6.1 0.30 92.8 3.8

o~ — g 0.60 98.0 5.4 0.60 82.6 3.4

1.20 86.9 3.5 1.20 92.0 3.9

0.10 115.3 53 0.10 110.3 6.1

N R 0.20 115.1 1.4 0.20 108.3 5.4

0.40 112.3 3.5 0.40 104.7 23

0.20 108.4 6.2 0.20 105.1 5.8

KR 0.40 103.1 1.7 0.40 99.8 2.4

0.80 98.9 4.6 0.80 93.6 2.1

FzS5 REBEHSET 14 HEHES=mg/L)
Table 5 Content of the 14 kinds of organic acids in fruit wine samples (mg/L)
LR W BRI BRAERRTR 75 B T AT

Mipay 1600.6 309.0 ND ND 1100.5
SRR 104.7 159.7 624.5 133.6 136.3
AR 1092.2 2708.5 103.4 66.3 1985.8
FriEiR 1662.7 2240.1 1946.8 4141.4 13.6
FEELFR 4.6 52.0 6.3 ND 34.9
C R ND ND ND ND ND
TR 66.1 521.1 19.0 13.6 ND
[T ND ND 0.5 ND ND
BEFAER 363.5 82.5 118.3 12.5 612.9
KR 0.4 ND 0.2 0.1 0.4
TR PR 1.2 4.5 2.3 4.0 0.0
a- % iR 15.4 2.9 2.7 1.0 10.6
N MR 6.6 5.4 5.9 1.6 5.3
AR 0.3 0.0 0.1 0.2 0.2
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