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ABSTRACT: Objective To determine the content of 11 kinds of organic acids (citric acid, malic acid, tartaric acid,
succinic acid, maleic acid, lactic acid, acetic acid, tannic acid, fumaric acid, gallic acid and coumaric acid) in green plum
wine by high performance liquid chromatography (HPLC) and the chemical pattern recognition analysis is performed.
Methods The analysis was performed using HPLC with a CAPECELL PAK ADME Cig (4.6 mmx250 mm, 5 pm)
column, where mobile phase A was methanol and mobile phase B was a 0.1% (V:V) aqueous phosphoric acid solution.
Gradient elution was employed at a column temperature of 30 °C, with a detection wavelength of 210 nm. The results
were subsequently analyzed using chemopattern recognition software, specifically SPSS 25.0 and SIMCA 14.1. Results
The 11 kinds of organic acids exhibited excellent linearity (r=0.9993) within their respective mass concentration
ranges, with average addition recovery ranging from 92.69% to 104.35% and relative standard deviations of 0.29% to
4.72%. Cluster analysis of 9 batchs samples revealed 3 distinct groups when Euclidean distance was set to 5. Principal
component analysis identified 3 major components, consistent with cluster results: the first principal component
included tartaric acid, malic acid, tannic acid, citric acid, succinic acid and fumaric acid; the second principal component
comprised acetic acid and gallic acid; while the third principal component consisted of lactic acid, maleic acid and
coumaric acid. Orthogonal partial least squares discriminant analysis identified citric acid and malic acid as potential
flavor difference markers. Conclusion The method is simple, accurate and sensitive, and is suitable for qualitative and
quantitative analysis and evaluation of organic acids in green plum wine and other foods.

KEY WORDS: green plum wine; high performance liquid chromatography; organic acids; chemical pattern
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20250322, 20250831, ¥ A 12, 8. 4 4F{y; HEA TN
AL A BRA D

L-(+)i 41 R (C4HgOe)(LLEE 98.5%) . L HR(C,H,40,) M
Al (AEEE 99.0%)(3z 88 UK BHL I AT B2 wl); D-(+) 3R iR
(C4HgOs) « B R (C,H,O)( 4 BE 99.0%) . & & R
(CeH4O00) (i 97.0%) bR i (522 Sk A AL BHEE B
FRA D), BT R (CreHsyOue) FRUESL (BHEE 96.0%, 1515
BB AR A A, L-(+) 7L B2 (C;HeO5) b M il (4
95.4%) . (8335 4 ) (I 28 35 SE IR R e A RS ));
I oK R (CH,0) (4l 99.0%) . #7 B R (CeHgO,)( 4l
99.5%) . BEHIFR(CHeO4)(LEEE 98.0%)brE i GE = RAEW)
ARG IR B FRR(CHO)PRES: (BEEE 96.5%,
P 2 ARG E FTE B ) BRETR (B4, BUHR TiT v 2R R
FABRTAT ), Ak UM R s & A BRA 7)o
1.2 UE5E%

Agilent 1260 /=5 30RO 35 (36 B L HERBHE A B A
Al); XSE205DU HL T KPR 0.01 mg/0.1 mg, M -6
AU (A PR F]; R-100 B2 ek 28 L AL (B Hr s
B4 wl); TW-SPE 24 [EIAHAK I B (RDUE (5 20 B
HFR/ATH]); CAPECELL PAK ADME C,g f4i5%4:(4.6 mmx
250 mm, 5 pm)( H A KB E 2 kX 254t); Lumitek SAX [ 4
WU (1000 mg/6 mL, | MIERIERHE A FRA F) .
1.3 WA
1.3.1 AR/ &Ik Be b

I3 R R FRBUT B IR Y 2 g, D-(+)FERARZ 500 mg .,
L-(+)FLER M L BR 2 100 mg, BEHIER A THRZ) 50 mg, H:
K L-OEAR. DRER., BOR. HETFR. F9BRHY
10 mg, TR 10 mL 25500, I 50% H i, 4, 7%
59, BIS 11 FIEARROE IR o o TIRE 2 RIS AR A, T
5 . D-(H)SEREET L-(HALERS 5 mL, L-(HilARRAIE SR
1 mL, IR TR 2 mL, TRIRAIE SRS 0.5 mL,
2% 2.5 mL, & 025 mL, TR— 50 mL 2588,
AGERS, 5, BMRIRGARUERE S TR -G ARIERE 2B
AP EE A AN, L-(HIEATR 20.1925 mg/L, D-(H)FERMR
5006.2320 mg/L. PATEE 199.7568 mg/L. L-(+)FLEK
999.6012 mg/L. Z.F& 496.1880 mg/L, TL3EHR 10.3158 mg/L .
FAERR 2.0280x10% mg/L. BEIHAR 201.1744 mg/L. & R
9.9693 mg/L. T 5.0470 mg/L. FEM 20.0014 mg/L.

RAPRAERN R ROV BOR A bR 6k 45 0T 4l K
ke 100, 50, 20, 10, 5. 1 f%, BMHEARIEIMZER .
132 Henaia#®

K 2 IS /IR AT AORE A 50 mL B 150 mL S,
TE 55 °C T ik 78 R4 3129 5 mL, HF] 10 mL 45 E0H
W, FEK A B 2RSSO, DA —F R ] 10 mL 28
i, FREAEKER, $E5), RIASFE SN RS2 i 1 mL

FESN R 2 250 HE ALY Lumitek SAX [EAHZEBUE: (R 1K
FH 5 mL HEE . 5 mL KIGAb)rh, H AN AE G AR H 4 i O
TEZy 1 mL/min, XMW HE; A 5 mL 4iKpkpE U, 5
TV, FH S mL 1 %05 - FF B v e, W AR e &
50 mL XS, BEMRMET 55 °cC T ek BiE T, HE
B 1 mL KIRG AR, 1 0.45 um K REFLERE, B
FRRFIAE S
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Sk CAPECELL PAK ADME Cjg (4.6 mmx250 mm, 5 pm)
isRE, YRR 10 uL, WishtH A SHHEE, Fshi B 4 0.1%
IR /K IR, A TRERESERR, 0 2= 20 min, A iy 3%, 20~30 min,
A M 3% E F) 90%, 30~40 min, A 5 90%, 40~50 min, A M\
90%[% 3] 3%, 50~60 min, A Jy 3%, WiiE A 1.0 mL/min, FE
i 30 °C, il 210 nm,
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K% R BURGPREMZRIA W 3, #IR 1.3.3
T LA L HERE 6 Yk, T 6 IRINASHY 11 Fa HLER AR 28
Fisf 5] 5 8 YA R B #H X B U O 22 (relative  standard deviation,
RSD),

BEE MR KSR 6 MR —H R
TERES LS 20241128) 50 mL, 3% 1.3.2 HORE S AL BT B
174 6 IRRESAIR, % 1.3.3 I OIS ST . 3145 6
YRE RV 1L R AILIR (1 {7 B B ) S50 i AR RSD.

FE MRS R R D R A R R — R i
WIRESR A S 20241128) 50 mL, % 1.3.2 BYRE S AL 37 B
Tl 2 BE SRV, HRERATOE 0. 6. 12, 18, 24, 48h,
Fie 1.3.3 MRS AFUEREINE, AN R E B AR 11 Fh
A LR B U7 B8 st ] 5 4 TR AR RSD

TR EIGREG: A SB35 ] —FH R A7 A AL b
(fit'5: 20241128) 50 mL, 43AAEE AR EFREGAIE 1 mL,
AR 1.3.2 WRESRAL IR T I 4 3 3 s [ SORE b i R,
$i¢ 1.3.3 W E5E 5 EF TR I
14 HIELIE

K Agilent 1260 HPLC A7 AR RSt ARt

HHZR A TR A 2 40 HT; (#FH WPS Office 2019 il SPSS 25.0
PIIZ SIMCA 14.1 3R 7858 b BN AR R B 43407

2 HER5HH

2.1 HPLC 5%tk

LLRTEG T 3 MRS A @5, Wi Agilent
ZORBAX SB-Cg (4.6 mmx150 mm, 5 pm). CAPECELL
PAK TYPE MGII C 3 (4.6 mmx250 mm, 5 pm)#l
CAPECELL PAK ADME Cj5 (4.6 mmx250 mm, 5 pm). {E4H
FEIAT T, DBl B BB R R I KR 5
T ELNEE R B Y Agilent ZORBAX SB-C 41 L-(+)TB 1 iR
S5UFIEES, TR L-(OILRSEE/NT 1.5, %0]
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FH1TE

RES TR B, MM R HEROCE R, L A R R R
JEeAE £ 9 CAPECELL PAK TYPE MGII C g 1, HAT
S, FRER D-(HERIR CIG S 4 T A B IR
F 1.5, FEREISIEHRENT 1000; CAPECELL PAK
ADME Cg FE W20 SR G T ZER S5 1 1 4 M e 3 T,
RETE 100%ZlKAE A& T RIFRRE, ANRAIRIE, TR
SrERET], HAHTEEIRY 11 A RIS AREIS KT 5000,
HAS F R Z A A A BT Z R A B R T 1.5, A
WIS %A CAPECELL PAK ADME Cig (4.6 mmx
250 mm, 5 pm)kE, 11 FEHUERIE SPrRHEE R s E LA 1.
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B HPRSY, XRRARIP G A ST A 3T SE 50 2 L
BT BB . BT ZEIUMME (Cleanert IC Cjg. Lumitek
SAX . Cleanert PAX). k45 J #EAE I 45 J5 1o 28 B/
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Fig.2 Chromatogram of the sample solution

2.2 HPLC FEZ2H
221 AREWE I ik L

el 1.3.3 Migs, SRS &R 1~6 M7
W S br, LetequlE . EH R AHCRE(r) . Kt R
Lo PR ULER 1. Mg 25 1R W] 11 M HLIRAE# A 1Y BTt
W EEVE I N MG R RAF, MCRE(N34=0.9993, K ih
Pk 0.0044~2.5641 mg/L. PN 0.0146~8.6580 mg/L,
BIHe s A S A I A B R oK -

F1 1 FHENBOLETERE. @TF5E. AXRY REHRREER

Table 1 Linear ranges, regression equations, correlation coefficients, limits of detection and limits of quantitation of 11 kinds of organic

acids

HHLER AN LLMEVE B/ (mg/L) a1 )5 FCRE() KB/ (mg/L)  ERBR/(mg/L)
L-(+)7 A R 0.2019~20.1925 Y=1.3532X+2.2017 0.9993 0.0384 0.1282
D-(+) ¥R 50.0623~5006.2320 Y=0.5121X+3.4821 0.9997 1.4458 4.8129
FTIR 1.9976~199.7568 Y=0.6968X+1.2851 0.9994 0.0769 0.2564
L-(H)FLi2 9.9960~999.6012 Y=0.8033X+2.0924 0.9997 0.7692 2.5641
@ 4.9619~496.1880 Y=0.3953X+0.4568 0.9998 0.2143 0.7143
ki 0.1032~10.3158 Y=60.5070X+2.5593 0.9999 0.0044 0.0146
FrEER 202.7989~2.0280%10* Y=0.4811X+1.2161 0.9999 2.5974 8.6580
BRI 2.0117~201.1744 Y=0.4117X+0.5745 0.9997 0.1111 0.3704
&R 0.9969~9.9690 Y=56.0031X-2.8079 0.9996 0.0058 0.0192
WEFR 0.0505~5.0470 Y=164.8010X+3.5081 0.9999 0.0103 0.0345
HFEIR 0.2000~20.0014 Y=13.5760X-16.6066 0.9997 0.0214 0.0714
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222 MEE, ELMAART IR O IR ER E RLAF, BET A A R

WA, EEHRE . Raetilng Rk 2.
B 2 FIAL, ot 3 IR 1 Of B I 1] RSD 7 0.04%~0.45%
2 [8), g TE FRAR B B E] RSD 7 0.36%~2.57%2 8], #I/hF
5%, FHUUERMERERE, K% MEE M R HERIATRAE
48 h NELE o
223 EKERE

M RIS R AR 3, thak 3 A, 11 A ML
BN 2k 92.69%~104.35%, RSD Hy 0.29%~4.72%, 7=H]

23 HENESENE

O HEYR T MR S, 508 1.3.2 15 BB A T & RE BL A
W, 7E 1.3.3 @ ST BT E 40T, 9 bR A R E
BIZE R IR 4. SR EIER, FEIR & G f s, D-(H)FER
RKZ, L-HOATR. DkiR, & 59K, BETRAEE
RO EARELEAR, MR . BRHR . & DIRREE ARG
Fr it R

1

F2 N HENBRAOBEERE. EEMHRE. BEHREER(%, n=6)

Table 2 Precision, reproducibility and stability test results of 11 kinds of organic acids (%, n=6)

i % B MR FaE Pk
A TR AT E] RSDs/% Wi RSDs/% {4 F4 Bt ) RSDs/% VT BRI VI
RSDs/% RSDs/% RSDs/%
L-(+)il A R 0.23 2.18 0.34 2.25 0.25 2.03
D-(+H)3FER IR 0.11 0.95 0.18 1.05 0.21 1.02
TR 0.23 1.68 0.30 1.98 0.45 1.51
L-(H)FLR 0.10 1.01 0.15 1.25 0.08 1.13
2R 0.13 0.58 0.18 0.78 0.12 0.68
HoRIR 0.12 2.01 0.11 231 0.11 2.11
P 0.19 0.39 0.17 0.46 0.18 0.36
BEHIR 0.08 1.34 0.07 1.52 0.07 1.39
W 0.08 0.89 0.07 1.02 0.09 0.99
BEFR 0.04 0.52 0.05 0.98 0.06 0.65
HHIR 0.06 2.37 0.05 2.57 0.08 2.17
#3 11 #EHEEAEYE RSDs (n=3)
Table 3 Recoveries and RSDs of the 11 kinds of organic acids (n=3)
HHLRR FEdh R/ (mg/L) JAE/pg W55 /ng IR /% SRR % RSDs/%
29.2 90.89
L-(H)F A TR 0.2170 20.190 30.4 96.83 94.19 3.22
30.0 94.85
2.46x10* 98.88
D-(+)3F2R IR 393.0000 5006.000 2.47x10* 100.88 98.88 2.02
2.45%10* 96.88
337 104.35
TR 2.5700 199.800 336 103.85 104.35 0.48
338 104.85
1.89x10° 101.04
L-(HFLi2 17.6000 999.600 1.90x10° 102.04 101.04 0.99
1.88x10° 100.04
1.04x10° 97.74
e 11.1000 496.200 1.03x10° 95.73 97.74 2.07
1.05x10° 99.76
19.5 103.68
HoRIR 0.1760 10.320 19.1 99.81 101.74 1.91
19.3 101.74
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R 3(E)
AR B 52/ (mg/L) A& /ug A5 /pg EEESA SB[ R /% RSDs/%
8.84x10* 100.59
PR 1.36x10° 2.028x10* 8.85%10* 101.08 100.76 0.29
8.84x10* 100.59
244 103.50
BEHIR 0.7150 201.200 246 104.50 104.17 0.56
246 104.50
12.1 89.68
o 0.0632 9.969 12.2 90.68 92.69 472
12.9 97.70
8.70 103.96
BEFR 0.0689 5.047 8.40 98.18 100.89 2.99
8.51 100.36
33.6 104.75
F O 0.2530 20.000 33.0 101.75 103.08 1.49
33.2 102.75
F4 EEEH 11 HENENEE@meL)
Table 4 Content of 11 kinds of organic acids in green plum wine (mg/L)
Sooms MO DO e SO am owm mwm o mem wum L fom
Y1 20210616 0.272 230 2.72 102 4150  0.0182  1.57x10° 4740  0.113  0.149  0.087
Y2 20230622 0.215 278 1.82 155 1550  0.0817  1.24x10° 0429  0.106  0.068  0.200
Y3 20240715 0.260 582 2.20 18.0  10.00  0.1940  1.36x10°  0.740  0.074  0.064  0.080
Y4 20241128 0.217 393 2.57 17.6  11.10  0.1760  1.36x10°  0.715  0.063  0.069  0.253
Y5 20250322 0.239 611 2.87 20.0 1230  0.1290  1.64x10° 5420  0.040  0.091  0.129
Y6 20250831 0.133 438 3.21 16.3 8.42 0.0526  1.16x10°  0.486  0.022  0.067  0.099
Y7 125 1.110 842 1584 256 1850  0.0548  3.72x10° 22300 1.580  0.056  0.492
Y8  SAEJHH 0.248 879 3.88 37.9 1150 0.0765  2.26x10°  0.927 0250  0.047  1.520
Y9 45REJEIK 0.360 569 7.05 314 4640 01060  2.15x10°  0.853 0237  0.136 1730
24 WEREKXIRBI S 91.48%, FEik T HEHFIELSH 11 R HLER 91.48%I15 Mt
241 RENH 0 5 10 15 20 25
DL O HEVK T HEET AL i Y 11 R HLIR A 5 k(32 )R Y2 217
g, A SPSS 25.0 R, RIS J5 W PRI 254 X Y4 4
Vi, il PSP 353 B (AL TR A T PO 15 3 R R Y6 6
DL 3, BB 3 aH, MM R S i, T 9 HEkAEA
5Ok 3%, FAR R Y1-Y6 B0 1 %, B Y8-Y9 B0 2 v
H, PR YT Bl 32K Y11
242 ERE G Y5 5
fif I SPSS 25.0 #A4%F 9 HEYR 5 MBI AL & 11 FhA Bl v 8
MR & B (R 5), HEAT AU AT, DIRRIEIE R T 1R
PR, T 3 RERMS, HPS 1 RIS RHEE Yo 9
H 5618, JZETHREA 51.07%, 5 2 KEBMFHE A Y7 7

2360, T ETTHEREN 21.45%, 55 3 R EBAEEE R
2.085, FETRBEN 18.95%, iX 3 KIS Bl 5l R N

B39 HEUSF M AT G R IE]

Fig.3 Cluster analysis diagram of 9 batches of green plum wine samples
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Table 5 Principal component results of 11 kinds of organic acids in 9 batch samples of green plum wine

X I GERRRIES SR 7 A

i Rt JIEAGI 2% it TR 2%
1 5.618 51.070 51.07 5.618 51.07 51.07
2 2.360 21.450 72.53 2.360 21.45 72.53
3 2.085 18.950 91.48 2.085 18.95 91.48
4 0.692 6.287 97.77
5 0.187 1.696 99.46
6 0.037 0.341 99.80
7 0.020 0.183 99.98
8 0.002 0.015 100.00

I3 o F AT IR (e 6)FTAL, 55 1 K B fi
L-(H)E AR . D-(HIERmR . T, FERR . B .
WO, 2 KEMSE LR E TR, 4 3 KEMS
N L-(H)AER . Dok AMA ERR, DRSS
AR — BT, TR 2 ERNEE R, B 4A
553 BN 2 R [tk B R o AETE 22 5, SR B Hr sl
R—3
243 EXARR D ZFE-FIA 5

R T BT AR T BE S ) T MR AU 2 S 1 B
By, ReHT SIMCA 14.1 84, DL 9 #E A AE f b 11 Fh
AHLERA SRR 4) A8 R, JEfT OPLS-DAR 2734 2k i
7R, RX=0.699, R*Y=0.979, Q*=0.697 ¥ KT 0.5, UiHH gy
PRI E TR, W] ARDR AR RIHLR AL i, UL 4B,
FIH 200 ¥ Bl 5 dE 4T 0 7 (B 4C), RP=0.184<0.4,
Q’=-0.681<0.05, FRXFEWIBRI Y] 450k, AIF7Ed S
HITETE, TS OPLS-DA AR AT I 3fe 4 5] A 43 18] ) 22
5 o PR LIS i B ZEMEA Y (variable importance projection, VIP)
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Table 6 Principal component matrix of 11 kinds of organic acid

content in 9 batches of green plum wine samples

F S
Moy
1 2 3
L-(H)IF 1 R 0.937 0.113 -0.282
D-(+)3F R R 0.748 ~0.496 0.328
HTER 0.962 0.136 -0.117
L-()FLER 0.558 —0.318 0.761
N7 0.106 0.897 0.376
P i —0.294 —0.585 0.081
FrigiR 0.993 0.066 0.041
BEHER 0.865 0.140 —0.454
W R 0.954 0.050 ~0.270
KETIR -0.227 0.898 0.227
HER 0.388 0.037 0.908
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