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Simultaneous determination of 12 kinds of organic acids content in Hibiscus
sabdariffa L. wine by solid-phase extraction and high performance liquid
chromatography
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 12 kinds of
organic acids (tartaric acid, hydroxycitric acid, lactic acid, citric acid, succinic acid, fumaric acid, gallic acid,
protocatechuic acid, chlorogenic acid, caffeic acid, syringic acid and ferulic acid) in Hibiscus sabdariffa L. wine by

solid-phase extraction and high performance liquid chromatography. Methods Mixed-mode strong anion exchange
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polymeric anion exchange (PAX) solid-phase extraction cartridges were used for purification and enrichment. The

samples were eluted with 0.1% formic acid in water and methanol as mobile phases and separated on a CAPECELL

PAK ADME Cig liquid chromatography column (4.6 mmx250 mm, 5 um), and a diode array multi-wavelength

detection were employed. Results The 12 kinds of organic acids were effectively separated; there was a good linear

relationship within the linear range of various mass concentrations, with correlation coefficients (r) all above 0.9998;

the average spiked recovery rates ranged from 82.78%—-101.52%, with relative standard deviations of 0.90%—4.79%.
The limits of detection were 0.00047-0.49392 mg/L and the limits of quantitation were 0.00157-1.64640 mg/L.

Conclusion This method is simple to operate, good separation effect, accurate data and high sensitivity, making it

suitable for the quantitative and qualitative detection of organic acids in Hibiscus sabdariffa L. wine.

KEY WORDS: Hibiscus sabdariffa L. wine; high performance liquid chromatography; organic acid; solid-phase extraction
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1% M 7E (Hibiscus sabdariffa L.) X 4% B . 16 704L
WEAREE 1o, R TR — AR A B AR A Y 2R
BIAME SR AT BRI 2 R A, #FRh
“FP R T A, B SANERSE, B giER . 2.
IR AAHF R, 20 0 FTHELZ RN
PEE IR, XM BT T IS ST AT |
PURTEPE . BEMARTE M, TENRIR FAEHUME . M, fr
POHFRE . BRI C 0 A5 57 T (25 BRAE 7. 3
FC I AL 2 — FICKE A AL 5 T 1 2 AR 2 G IR A
W, WG &R 8%, LMK KR B, A
MIAET, GRIRGETR N REE, S 2R A, &5+
W, HA sk, 32N ERIE TS L.

ML S R AR, WA, R
PR . AR, MHERR . BEIR . B OR. WETR. K
LR . S5 . UMMERR . T H R AT ELER, & ht el ik
15%~30%!*1, 30 Se A7 KRR & % 1 AL T 1) B B2 XUk i,
FIAE . B WA A R, IS R
T R XU G 2 TSR . A LR &tk il 5
S AR, AR S IR Z R . HRG, XS
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S, W SR R T A R P,

A LRSI Jy 7538 AT WO - ekt L B
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A5 LR (ARSI 5 M AT AR AR AT A 710 R i ik
DRI B ASAIR, B3 ik, R el v ), ) 1z 0
FHRO2Y AR BIE 5 e 3 A 186 R A B -TR0R €203 32 [ 0 5 9%
AL 12 FA LR, A& AL A LR 1 T i 45 ) %
7RI R RS AR R
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1.1 MR5iRF

3 G LA A AT (35 20241015,20231022
20220925, HAR SCYTIEE A FRA 7)o

L3054 BRBRUE A (C4HgOg, 211 98.5%) . FrigMebrife
fh(CeHgO, ZHEE 99.6%). L-()FLERHRIEM (CsHO;, 4l
95.4%) . H B (€0 1% 4l )( i L 1S S IR e A FRA | );
BB FRRPREM (CHOs, ZHHE 91.5%). LA ERBR UE i
(C/HgO4, ZLJE 97.5%) . 25 JF R bR dh (Ci6H 500, 4li FE
96.3%) . MIHERRFRIE M (CoHgOy, ZHJEE 99.7%) . B[ 2R R b5 1
Wi (CioH 004, ZHEE 99.6%)(HH FE £ i 24 S e F e B ) 2
FEFT B RR B AR E I (CeHsK505 « Ho0, 4% 95%, i
EYRE A BRATD; JEHIMRARME T (C4HeO,, 4l 98.0%,
IR BRI A BR A R, & B ERARE T (C4H,04, 4l
BE 99.6%, JtIt S s A YRR IR /), T A BRbRE
(CoHygOs, 4EFE 98%, 115z sibkAE AR e A7 B H]);
BEIR (i 2li, BUAR T e /K HERHE AT BR SR AT AN |l); SRR
(polyethersulfone, PES)JEAR(0.45 pm, K 50615 &%
H IR wD; @Akl Milipore 45 o
1.2 UE5EF

Agilent 1260 & R AH 354X (Bl A M8 FEA A
W, RELHERHARAA);, XA205DU HF K ¥
[d=0.01 mg/0.1 mg, ARHFFH)-FERFZ AU 84 FRA F
R-215 FAT2E R AN G AP BTG BRAF]);, TW-SPE 24 [EIFHAEEL
S E@EIUEFHERHEA /A F]); CAPECELL PAK Cg iAH
{3 H (4.6 mmx250 mm, 5 pm, HASKRE St R R H i),
Cleanert 15 U5 5 85 [SIAHZEEU (polymeric anion exchange,
PAX) (500 mg/6 mL, RHEFEA EA/RBHABRA R,
1.3 XLWHE
1.3.1  AR/BER A ELH)

S RIRRBUS & T2 15 mg. JBRILZSRAG H IR
25 mg (K5 2 0.01 mg) T Al — 10 mL 25, MK,
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FH1TE

FERY, WA, MENEETR. RULARE .. )RR &
BRI A FRBUMERR . T &R . BIZERZY 13 mg F
[W— 50 mL ZENEH, MUKEMR, €4, 1R5, 153k
R, TR, BIELRRIR A PR RS TR

Iy BIFREL LTS A7 BRZ) 200 mg, FREATERREN(LIRIE
FrEEIR1TT)Z7 800 mg, L-(HFLARZ 250 mg, FriEMR . 3R
. &SR 25 mg, WHRIUEE TR, JFILER. ZF
FRIR A PR ERE A VA TRORIINMERR . T &R . FIERRRIE S A vfEfig
BUEWA 1 mL, T— 50 mL &8, NUKIER, E4,
RA, 183 12 FEALBRIR SARERE IR . S AR =
WA LA R 8026.1740 pg/mL . 2 A7 8 R
20070.1510 pg/mL., L-(+)FLER 10067.3712 pg/mL ., FriEmR
1022.2944 pg/mL . BEHIEE 1020.7680 pg/mL . & o fR
1058.9472 pg/mL ., & FHER 55.6686 pg/mL . JEJLZSER
103.2330 pg/mL 45 104.1196 pug/mL MIHERR 10.4565 pg/mL
THFIR 10.1371 pg/mL . BIZRER 10.5373 pg/mL.

RAFMERD TAERW: WERRRIE 12 FradiRIES
FRUfEfE AW 0.2, 0.4, 1.0, 2.0, 4.0 mL, 43%]EF 10 mL
HEMT, AKEREZIE, 75, BARAHERYI T
YRR 1~5; 3 EHEE 12 R HLRRIR & bR A & v A E
TRAFRE TR 60
132 H&egaTae

FEAFE/MRAT, FEHEEE 10 mL T 100 mL A0,
16 55 °C T e T, 1 mL /KRS0 B AL
R ELZLTHUE PAX BEAHZEBE: (AT 5 mL
FEE . 5 mL KIS, EHIWHEIES 1 mL/min, 7KL
W F S mLKibkpkF b, A 5 mL 2% - A s vk
Wi, A AEZY 1 mL/min, WAL T 50 mL XS0,
BEWORAE 45 CCPHeFEZERIE TG, M 1.0 mL /KIRGIEHE%
52 0.45 pm REIEER)G, BtEmsiior g,
133 &#4Hh

{6 3%+ : CAPECELL PAK ADME C g (4.6 mmx250 mm,
5 pm), Ji#: 1.0 mL/min, FEiE: 30 °C, #FAERE: 10 puL; £
W AR, BREFER. LR . ER. 35mm
&SR M 210 nm, WETFER R JLASER AT &R M 280 nm,
SEERR . WIMEBR FIPEEER N 320 nm; FRBIAH A: 0.1%WEHR
KW, WA B: HEE, DEliRRT WL 1.

Fz 1 REEHEERER

Table 1 Gradient elution program of mobile phase

Aisf 18] /min A% B/%

0 96 4
20 96 4
30 50 50
40 50 50
50 10 90
55 96

60 96

14 HIEALE

FH Agilent 1260 R0 (AR5 A I91b 5 TAER &
5¢ A SR AL B I AR O B e 1L, AR A A o it 2
FE O 2 A W TET R — 1 A BT o B 4 AR o B £l
WPS Office 2019 #4735 .

2 HER5HH

21 FHEMK
2.1.1 &igieyiE

PO TERE S TR RS, LR AR T WA A5 1
3%+, 43591 CAPECELL PAK C;3 TYPE MG (4.6 mmx
250 mm, 5 pm)Ff CAPECELL PAK ADME C,5 (4.6 mmx
250 mm, 5 pm). %5 FEW], RA CAPECELL PAK Cis
TYPE MG & 3EAE I, B 10 min 37 5 0 9 & A5 HLIRR 4 430
TE R AT B A . Hidr, WA R 61 04 2 I R IE T3,
SYEEER 121, FRFEATRERR (B 5 AE AR R T 3 B
1.33, ¥RIKRFBEEAMET 1.5 BER; ik ik
BHIENS, BRI 3615, (K TFHEISIERECAL
F 5000 FSERESK . AEMRIEAIESE TR CAPECELL
PAK ADME Cg tAiEFERT, £ A HLERZ 43 22 8] 1) 43 24 FE
PRI EE AR B s R SIS, 12 A HLER I 20 s R T
1.5, H FS R 50 K F 5000, Bk, &4 uk A
CAPECELL PAK ADME C,5 (4.6 mmx250 mm, 5 pm)fEH
ATHSE ) 3B T -
2.1.2 AR, AEhAE pH B BB 494K

MR 4E B SCHERIRTE, A HLIR 4 A DU AT 2R A4 37 3 A
WRZH, F£2H 0.01 mol/L R — &I -H BERy S5
eI, 10 mmo/L Y PR -5% FF I A0 45 18 e 1B ), 0.2%
TR K - 2. AR BRI 2, 0.5% FP R /K ATk - PP R 0 Sk
JBE12), 0.10% B /K I -50% 2 I BB EEVEBE 20 0.1 mol/L
AR U - PP P A o R e 2845

WKW pH AL, AT A MR R B, AL
B Lo FIE AP TE, MR AVRTE Cis B LAY AR,
FE TR B AR TS IS Y B R SO R Y, AR TR R
PURASN A, R, BRASEEEF, ~Aa561%
FERE A LA EAEH, BEA R Cp ikt kA
TR 1 o

g FIR{E B, 0.1 mol/L W /K 7 W - FF Ak 2 538
FAVET™ . o B R A R i 22 Bt s R PO, B
GB 5009.157—2016 { & %2 EFirifE & &P H LR
BIME Y IR TR R, ELRBEeEtSa
WA ORI TSR, AW A 0. 1% B KA -FF AR
poRiTRSILIE

XF 0. 1% KR pH #7558, MK IAT I pH
H 2.0, 2.2, 2.6, 2.8, 3.0, AL 0.1%BE R KK
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BRI 99:1. 98:2. 97:3. 96:4. 95:5)JF
VRS . SRR, R LU GRS i, A LR 4 5 TG
PSSR, S BN RE T R SE g R HY R L )
RRHF, ZRArTRlALS, KRB, 2 0.1%BE KR
pH Jy 2.2 I, &AHERH >0 AR RAF HIEE XS PR, B
WIERBHIAMLT 5000, 4B EHRT 1.5, AREER
Bl 1. B, RFREAER pH 2.2 1Y 0.1%B K
BAE RS A, BT SIAE B, KB A 96:4, BAR(
WEARMFELER 1.
2,13 #mlag ket

K WA ES R AR, 7E 190~400 nm K E A
X 2% A AR PR bR HE VS WA TH DA 45 4 53 1Y I
KIS . RS 200 BA RS R, FHR TR
Ul H At 2 0 6 T4, R 2% GB 5009.157—2016
NY/T 2795—2015 {35 rb 32 203 0 57 i 0 5 w2 BORCAH
@ik ) MoCk[31-33], LG FIBREME, WA, 2
Frre . AR . AERR . BEIIRR . E SRR L
9210 nm; WETFER JR)LAERFN T AR AR A 2
280 nm; ZRFHR . MIERR AT BRAR (RSN A 1E 2 320 nm,
2,14 BEARERAEGiLE

5T 43 HI75%8 Waters Oasis TR T8 [ 35 725 #r
[&] FHZE B/ (mixed mode strong anion exchange, MAX) .,
Cleanert PAX [l A ZE B/ M . Copure™5i BH 55 758 3 [ AR A%
UM (strong anion exchange, SAX)LL K Copure® SAX 5
Cleanert Cg [EAHZERUNME I, X 4 Fh A ZEBOS 0T 28
it 3 A6 T B e Ak B AR ROR B R I B S8 A
Copure® SAX HHERCRLF, BHEAVRMRICEAHE, Ui
4E 12 min FIHIEMAS (B ATR . FETFER . 2LR. 1

BERR L BEFARR . B DIR), 12 min J7 IS ARA PLIR (B T1% .
JRLZEIR | GtJ5HR . WNMERR . T B2 . PTAE) R = 4, T
Bk AT ALK . Copure®SAX 5 Cleanert Cig &
I AT 255 PR AEF I L34, SEBL 12 R HLIR I IR 2
AR, (BRI TR Z MR TRA S, kR
U N 8, HOATAL BEALAC G N TR G B sR B B Ag i
¥£ Waters Oasis MAX Al & 4E 12 FiATALIR, (Hnfs alii 2
AR, BARILIRTR; TRE B B 7284k Cleanert
PAX b AVE SRR AR, AT & 4R 12 Al A
BT 200 R R IR 220K o ZRA LA, AR R4 Cleanert
PAX [EAHZEC T T AR A Sl A Tl s 2
22 ZMEEMREE

e 133 MEISEAMNT, SHEREERS TAEAR 1~6
WEATIE, TRAVAE TR R ISR LA 1 DL 3 f5EM LT
TR HBR, LL 10 f5EM e R AR MC RS
YMAER . KR R R I 2, 45K s 12 FrEHLRTE
A B BERW RN, KRR R, MXRE(HTE
0.9998 L) |, #6:H FRFNSE HFRY/NT GB 5009.157—2016
e, R,
23 RBEE. EEMREEMXE

PR AARE TR 3, 16 1.3.3 Wi s N iks:
HFE 6 W, 05R 12 A PLRR TR, AR WA AR P A
Yot b1 U 22 (relative standard deviations, RSDs), #£%{{ %%
K L o R R — 03 3% A AE T s Al (52 20241015)
10 mL, #M 1.3.2 WA TATHE 6 it s,
£ 1.3.3 TG N TR, 105 12 Fira HLERI TR,

A L o)
350p 2 B .
5 300} o
250} =z 30
£ g 25¢ 1
i 200 @ 20} 7
= 150] 3 = 15t
=] 0 o
=100} B 19
IR N ) —
02 4 6 810121416 182022242628 3032 343638 40 70 2 4 6 8101214 1618202224 2628303234 363840
£ 55 b5} 8] /min {5 B4 it A1) /min
C
g0l 9
5 80l
< 101
RS 68-
X S0
= 00 Y0
F ol
0

0246 810121416182022242628303234363840
-8 B ) /min
1:: A. 210 nm; B. 280 nm; C. 320 nm; 1. VEAFR; 2. FRILATIFER; 3. FLER; 4. MR 5. BRHIER; 6. B MR, 7. BT
8. JRJLZRHR; 9. &RJRIE; 10. WIHERR; 11. T &EE; 12. BaRiR. TR,
112 P HLERIR & br i TRV TR (B

Fig.1 Chromatogram of 12 kinds of organic acid mixed standard working solutions
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Table 2 Regression equations, linear ranges, correlation coefficients (r), limits of detection and limits of quantitation of
12 kinds of organic acids

NS EVEYiEE FHOCHREU(r) LM F/(mg/L) o HiBR/(mg/L) SE R /(mg/L)
AR Y=0.7712X-23.428 0.9998 160.5235~8026.1740 0.08689 0.28965
FHAT R Y=0.4317X+14.083 0.9999 401.4030~20070.1510 0.20994 0.69980
AR Y=0.3785X+3.368 0.9999 201.3474~10067.3712 0.27810 0.92701
PR Y=0.6770X+0.2230 0.9999 20.4459~1022.2944 0.22718 0.75726
BEHIR Y=0.3321X+0.4675 0.9999 20.4154~1020.7680 0.49392 1.64640
R Y=1.0028X+0.0236 0.9999 21.1789~1058.9472 0.23708 0.79026
BEFR Y=24.2692X-2.1811 0.9999 1.1134~55.6686 0.00304 0.01015
JF LR Y=15.7079X+1.4204 0.9999 2.0647~103.2330 0.00255 0.00850
)5 Y=22.6490X-0.7138 0.9999 2.0824~104.1196 0.00168 0.00559
WAHE AR Y=69.2852X-0.3930 0.9999 0.2091~10.4565 0.00066 0.00220
TR Y=69.5811X+0.6262 0.9999 0.2027~10.1371 0.00047 0.00157
Ry 2 i Y=57.7453X-0.1448 0.9999 0.2107~10.5337 0.00114 0.00379

#3 LRWHENBRHNEEE. EEMH. BEMIIRERN=06)
Table 3 Precision, reproducibility and stability test results of
12 kinds of organic acids (n=6)

TR ARG RSDs, HE HE T & M o MERf = IBUE —1007%
MAE AL S 20241015) 10 mL, 76 1.3.2 B R A5
Bl AER HAE, #E 1.3.3 WEIELAET, 24T 0. 6.

C ‘ O LRI WEELR HEWLR FesE Pk e
12, 18, 24, 48 h A, 10 RIEHFFE114E RSDs, % RSDs/% RSDs/% RSDs/%
SR REE . A5 ILFE 3, IUARKE R | Oy ik AT 0.13 0.28 0.96
FAPERBELBUERE RSDs HNT 2.00%, #Blgoregy  _FRITER o 129 198
W B E AN R, SRS LR 48 h 2 NFLENE AL 0.14 0.32 1.07
R EREAlA 0.67 0.16 0.79
14 MEREKSR ﬁffﬂﬁﬁ 1.10 1.34 1.41
B o W 0.45 0.40 1.18
TR LI — S MR S (S 20241015) 10 mL, v 036 o019 063
3 40y, BRI E IR EFRE LAERR 3 4 1 mL, 7 LA 033 Loz 176
1.3.2 IﬁTE@ﬁ/im“%’{ﬁiﬁﬁl/ﬁfﬁ, TE 1.3.3 Wifa 8 454 T 3k 23 JE R 0.17 1.29 1.61
AT, IR EIRCR 25 R 0L 4, 12 Fa HLER 34 T oy 0.51 1.32 1.19
JNbR [ %y 82.78%~101.52%, RSDs /T 5.00%, #44 TR 0.67 0.72 1.42
E R AR ERLE TR . ey 0.64 0.47 1.48
Fz 4 12 FHENERGEYEFD RSDs (n=3)
Table 4 Recoveries and RSDs of the 12 kinds of organic acids (n=3)
EEDINICEIES Bt /(mg/L) AR /ng M55/ (mg/L) [RICER /% S IR /% RSDs/%
1749.401 100.71
AR 94.1167 802.6174 1737.627 99.24 98.77 224
1714.533 96.36
6107.846 9271
IR 424.7225 2007.0151 6081.670 91.40 91.38 1.46
6054.174 90.03
2393.136 102.27
BN 136.3572 1006.7371 2388.328 101.79 101.52 0.90
2375.382 100.50
407.248 103.03
FriER 30.1916 102.2294 404.914 100.75 101.32 1.50
404.309 100.16
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= A
A LR RN FE i & 5t/ (mg/L) JA R /ug 5 /(mg/L) BN &I SER ISR % RSDs/%
268.902 101.00
BEHIR 16.5801 102.0768 265.199 97.38 98.10 2.66
263.723 95.93
468.295 94.43
W iR 36.8295 105.8947 465.194 91.51 91.06 3.98
460.667 87.23
18.086 96.30
WE TR 1.2725 5.5669 18.015 95.03 94.43 2.37
17.844 91.95
28.854 94.54
JLZE R 1.9094 10.3233 28.549 91.59 91.92 2.69
28.346 89.62
33.389 90.22
EaNivy 2.3995 10.4120 33.108 87.52 87.11 3.83
32.699 83.60
3.944 86.54
UL 37 0.3039 1.0457 3.916 83.87 83.58 3.73
3.879 80.30
2.852 87.30
THm®R 0.1967 1.0137 2.813 83.46 83.36 4.79
2.772 79.31
2.589 85.72
[SETNA 0.1686 1.0534 2.554 82.40 82.78 3.35
2.531 80.22
25 SRRSSERM ﬂ@\@amaikz,m%ﬂéﬁﬁﬁ W 25 - ]

SYAERR LI 3 ML IR 10 mL, Fe R, RRIORIRRTIRIG . R, BT LR
A 1.3.2 T0F B 07 B AT A AR, 7E 1.3.3 it ZRIGIRAN T AR B i’]asTB’lii%'“o IRASAEHLHEHED- J%
ST TR, RIS 20241015 VGG EE LG 2, PUABRGENEA G, SUAHLAR S Y U E R 1L

3K R % 5 SR, B R iy, PO TGRS BEREA.

" B
A 350 35 3
= 300 o 30
< 250 g 25 11
= 20
i 200 B 2
= 150 = o
= 100 El p
F 50 5 =0 Ukw\ﬁ
o) VU9, 8 SN, S| DAS——— ) S———1 |V B R
024 6 810121416182022242628303234363840 024 6 810121416182022242628303234363840
{5 B4 HsF 8] /min £ B s} [ /min
C
S| ,
%’ 70
5 S0l
= 50
= 4l o
30t
= 20t 12
F 0l
0 Ivl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0246 810121416182022242628303234363840
£ 83 B i) /min

B2 FERAERAER

Fig.2 Chromatogram of the sample solution
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FH1TE

RS ORMIEED 12 MANER DS E(myL)
Table 5 Content of 12 kinds of organic acid components in
Hibiscus sabdariffa L. wine (mg/L)

HHLER RN 20241015 20231022 20220925
LIPS 94.1167 109.1426 87.4725
FRIEATIER 424.7225 243.4647 134.2175
IR 136.3572 154.0085 112.0137
TR 30.1916 25.4604 28.4368
LR 16.5801 27.2004 20.5518
CT 36.8295 32.8836 28.3842
BETmR 1.2725 1.0906 0.6349
J LS IR 1.9094 1.6327 1.2460
)RR 2.3995 2.0852 0.7516
W 0.3039 0.3456 0.1894
THR 0.1967 0.1835 0.1565
by 2 2 0.1686 0.0819 0.1347

3 Wit5%R

3.1 FEMBERMS

AWFFE R A SR IR, X P AR T A HLER 4 4 3l
AR B ST MR e . TR AR A ML AL
S BB, fEEZET IR, b5 0 etk
— A IR A LR T E 2 FE, AUFRAUE
PERERL 12 80, AR50 R ST A S, O
Ja BT T ST )
32 & i

AT MR % R AL T PP R S 0 T R U, o S M
A KU B T B S . 3 EL S G LR T R A N, 3
A, SR, o R B ] S S IR (A XU
AR o 340G T Hh AR B P A TR | R ATRRR |
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