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Research progress on extraction, separation and purification of organic acid
components in traditional Chinese medicine
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Abstract: Traditional Chinese medicine (TCM) had a wide variety of organic acid components with diverse chemical structures and
widespread distribution, possessing various pharmacological activities and medicinal values. The extraction, separation and purification
of organic acid components from TCM was the basis and difficulty of subsequent pharmacological activities, molecular mechanism, new
drug development, etc. At present, there was a large volume of literature on related research, involving extraction methods such as heat
reflux extraction, ultrasound-assisted extraction, microwave-assisted extraction, as well as the union of these techniques. The separation
and purification of organic acid components from TCM mainly relied on traditional column chromatography such as macroporous
adsorption resin, silica gel, dextran gel, and the union of chromatography techniques, as well as new separation technologies such as
efficient new materials for chromatography, molecular imprinting technology, membrane separation technology, high speed counter-
current chromatography. Current research mainly focused on the expansion use, joint use, and process parameter optimization of existing
technologies. In the future, efforts should be made to develop and apply efficient and green new technologies, new materials, and new
equipments of extraction, separation and purification, focusing on solving the bottleneck problems in new drug transformation of organic
acid components from TCM, and providing technical support for the research and development of new drugs of TCM.
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e ARERE RS, B A E T, 2
AT “RARPUEMTN 7o T AE PR 7 142
B R oy B alifh 2 JR SR BRAG R or FHL . BT 24T
REFHIERIP IR, AU RS T AN, R
WAFAEVF ZRORME . A WLER R B AEAN [R) 3 7]
VR Z AR, AFEA LR B3 B,
FE/K BRI T RE R BS U B 1, B A HLER R A
FagE, IXEOPR A AR I 7 B Al IR HE FEROR
AR, BEESREL. Bt K o B R A W
&, ERAThEE K TR RS HEFENA
FLER B 7y, o #90 A HLER K o © T K
2, TEWPRIGIT ¥ T EEAER, wnpsiEel.
P2 2R, KX RFHANE NI T H4E
WLERZS RS (3R B 43 B AL I OB it Feadt e, R
A HLER I o3 I SE AT 70 BT 2501 Rt 5% .
1 A EHESERR 57 HIHEER
1.1 3X[ERIZEL (heat reflux extraction, HRE)

HRE &R i A 3 (1) o 25 5 38 R I FIFE IR
AR SS  — R INARETE, PR R VRV TR S R
H, BEERENRHAERTREER, ZRELME
RO IR AT R R e A 7, HAT R EH T
25 A HLER AR EL . HRE {68 T2 3 8%
FURPIE SRS WORLEG . [RIALE () 5 T8 i
EBER A IR IR AR S A HLER Y HRE 1.2,
BESEON R E 90%, WRHE 8 1 1 (mL/g),
B 3 I, FFR 1h, SAVRISERN 1.49%. AER}
JCEEUR F B SO vt -1 B2 T VA AR AL ) LA A
HLER HRE HETZEN 75% B NER], R
18.5 11 (mL/g), R 2 K, BEK 2h, BAVERE
FN 5.22%. b4, KA HRE $RECEARRAF I SH
PLEEDY, il A g 2R IR ER . WNHERR . B 2R R0 HY
13 7B RUR

HRE &2 i 25 A WU S BT 7%, s
P2 O, SRR, 2514, (HAAETRIL
IHEHG, RAEFEATTE, S AT E A PR
BT ARSI, DRt A 2 LR SR 4R
AL, OB AT B SR TR
1.2 BEHIZE (ultrasonic-assisted extraction,
UAE)

UAE 72 1| F 8 75 I 1 2 A4 FH AT LB A
S5 S5 S A Y N A S o BVRE T T BRI A
R EVE IR ICR I T, BRAGR T2
BOFEEFIFE R . WO, A,

5], Xia 257K H UAE $2EU L ot o (157 30R
FRAIRE SRR, PR RITERETEN 95%E
NI, WORHEE 20 11 (mL/g), AR 40kHz,
7 40 “CHEHL 10 min, 53R ERARE IR IR IR 4
5N (6.30+0.25) F1 (9.84+0.30) mg/g. Quan %8
KA UAE $#&HCYEF ISR, R prfs i
TEH 100% ORENEET, MR 8 0 1 (mL/g),
FEAIA 50 kHz, 7E 25 ‘CHEHL 30 min, %26 T it
WEH 6.5%, HEHYHBIELRE & &EIF 1.0%, =T
A ZBE N B 770 AR B I SRR R RIS T, K
AR 7 HEHU 0] o Bb Ak, K UAE $&HURK A
FEE TR, &ERP, S S a hLERI-
WA T 3T IR

MH FTHSCHRIRIE RS, KH UAE $#£I0H
LR LR F2 ) P8 25 LR PR UR B . B S AR
L. SERURE ZEHIE 50 CRLR, A
IR 2 HIE 100 kHz LR, PEOAE IR A LR /E
M2 FEEA AR 8k, HACKH # A
AbER s G 3R R WL 5%, [RS8 75 A 2
HFESA NI, AR KRR
o RAFE R - S 100 kHz B,
SR A BN, gk T WRHE RS 3 R
T IE], 2 BRI, PRI S i P A o
1.3 M K % Bh 2 B ( microwave-assisted
extraction, MAE)

MAE 2 8 Bl (0 FARNE « FEL AR RERGSE T
P E B Y BOA DR IS R BRI
%, BRNCHE L ZSHAREERMELIKRE. W
B S o2 $RBURE 514 . Fang S5012%
 MAE #2880 S e ki &4, &MmT2
N 50% CEENET, K IIEE 400 W, #&@E 70 C,
MR 30 11 (mL/g), $2H 2 min, $2ECH AL
RN AV BT SRTIR . FRAERR. MR . =
SRR By REEEIR A K RGER C. S51E4% 7%
FHEL, MAE A] it Gy BRSSPI R, SR EU (] 58
B, WEFIFREIRVEFETE D, RBUSCRE S, FrfSig
BB IE S 4. Sik 2RI BT AT T R KHR
Bk, BEuE. EEAHRFTE. HRE. MAE $#25X
BRIy CEIEAE., Wi, B2, RiEE, RE
EAE RS RRREEFRNRIUNE, &R 5HAM
ARG, FIBRIL I B KV ( L -7K - 3R R
70 129 0 D REGCR B, MAE EfE T 2R
BIThE 400 W, 7E 50 5% 80 C NH2HL 5 min; 4L
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PPERPNEM B AE T2 25 C R4 120 min,
HRE A T ZAMER AT $E X 15 min. 0 5T1%
&Rt 8K O R ERAF R S S BOR, R
JEE S AR IS T B3 AT 5, el e AR B
BN MAE 5% R 515 HRE 6542
BOE S R AHL, HERIUN A B 4T 298, MAE
AT B R R D BT (] Y57 L RERE, bk afh L
FAAK . R AR A 1)

A, KA MAE S B 2 SRR 4, 26
P R T RS A A 13, S T ) 58 TR R €
S T A R
1.4 FEEfE4HBNIREL (enzyme-assisted extraction,
EAE)

EAE /2 18 ok P A8 4 o B R 12 i it M e 70 R T
DUR SR )T, 2 58 ARDER G,
HABN S FEmtEsm. BAERME. FAHEA.
R G, H RN TS
B MR 5 ). BEARIRIE . pH S 55 A7
A FEE MR EY), Durmus KA EAE
REUTE R R G, SRS R, JiA
ATE M S AN o VE K B )3 VR = TR iR B0,
HMBEUEMIEEI T 2~4 f%. EAE 4%

T EAE 1RBUEYIEVER L, BIRR 1O
Wi 2 3 B B, I I DGV B8 TR DA DS 42
BUBFIREZ M, M S s R B E bR sy o 1%
TSR T — MR T & AR EAE Bk, R
T ERIERRAE 8 P 1-Jrdk-3- F IR 55— A
HIVE A A R G e, IR 18], pH. IR
AR B FE A SR B PR A U sz, B fE T
ZUNAE 0.5 mol/L & FRARME H 2 mg/mL 414k % 1,
PEE 2h, pHEHA 3, 50 °C, ZRIEER-F 1Rk
HIEH) 95.3%, SAEGEARM RIS A5G, 42
1.5 {KIEAF (deep eutectic solvents, DES) $Z2EHY

DES & — it 571, 22 4 L B 32 4 (hydrogen
bond receptor, HBA) FIE# 4K (hydrogen bond
donor, HBD) % — & LLHIVR & Nt # 2 35 —Fa e
FrS IV . HBA 2 NZ=4cdh, W &AL IR 55
(ChCD; HBD Z AWML, 2. % iz . DES K
AR AMC, SRR, KSR AR
U ARFFIARSEL A . DES B8R T 2280
% DES M2 RS . SKE IR BE . Rk

Eb 45 . Kovad 55 H DES $#2BCH AR FL )% &+
MR\ BAEIR SRR T, BRI HE S KL ChCl-IR
11208 17 M i, R N T
I I UAE. B2 S5 A [R50 B T B
S H, 45 5K F DES 5t £ B B 250 R
A, WEFIRIBHERTIA 1.89 pg/mg. Bayram 55
RORFS DES MG &R b SR BB 48 Sy s S P
32 AR K 52 FiE HLERAE N BVE TR Y, 5 UAE
FHEL, DES AU R KA HLIRE IR IR . FiH
W KA YiE A R, 10 Fh DES o
ChCI-FLER A A WL R I T 4R B, 52 Mfy
WLER KBk 7 843.70 mg/kg. MEETT%0, FET ChCl
() DES /& —Fhal st AR K 4R EU L,
SR B TR, R 25 H HLER SR e 4R OGN
WEH, HATE G AR 2 A .
1.6 fHJEFHIEE (negative-pressure cavitation
extraction, NPCE)

TAAE AR AFAE TR I Bk
WD ERBAEH TRS), 27 Rk B — el ke
(AR KA It i 3 27 B . NPCE 28 H fUE =
WAE R BT A< (AR BT 38Uk Rzl
AR S AN B AR By, A& BSR4 B P T A
2, I A O S BURETIG. 3 HORTE R
DA R R I HoR 122), B SRIBUCR &, i
R SERERR R, AT T R i 4R
B H T R H ARG R . NPCE %%
{IPS M Ne = QU TNAVENESVA NN T 1 AN R TN
B W% . Kong PR NPCE HARIREUA
SR EORE AT, R HE R S A G

AT (central composite design, CCD) 454710

NETHEAL I B T2 8 5% K 77-0.075 MPa, i
FE 45 °C, YIRRIE 40 H, ZLEEKE 80%, NPCE
i8] 30 min, CRHEL 30 01 (mL/g), AEHL 4%, %
T FARERMIRICEN (5.67510.127) mg/g, &
T UAE H (5.59440.084) mg/g, B A &% 2 K.
FEEE S . Wang 2R H E BT
By NPCE %% B2 AL T Rk 5 R . 28R
WNHERS . R4RRER AL RERER C. FUBERRZE 6 i
AHUER, KR Z R0 A 1 B R 2% A 3 T it
6] 455, FUEE/-0.07 MPa, ZEEWKE 70%, Wik
Et 20 : 1 (mL/g), NPCE i 20 min, 6 F45HLER
(RIFEECR > HEF] 0213, 32.474. 0.442. 10.826+
0.271+ 0.193 mg/g, ¥+ UAE KiZigi%.
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TE Tl AL AR 7= v, A AR T 7 B 25 5 T
K, HRFRKEGMIIPRIG 127 H RS
EP g 25 de  SR BGRB8 2% T e RR, T7
2 AR, HAESEpRig Ut fe b n@ AR SR
PSR LB IR RO E A AL, EEAR S S
FABE AR A, 415328 -NPEC | AR AE I 751 - %
IKAHE R -NPEC. 8 % -NPEC. 1J%-NPEC. [
fifl-NPEC %,

1.7 MNE&RIFIREL (pressurized liquid extraction,
PLE)

PLE J& FI| F e He ¥ 5065 B ity h 1 b 1 ik
ATHRIUIBEA o 1% 8 75 RN b s e 5 el =
JE P il A R R RS T el B A VA VR
FEEREAR, ¥ BT, BB, Histk
E) G HGI AR TR R R, DRI A R 1 21,
PLE H8R[KE T ZES SRS RE. W,
PERR B BRI R R 5K EE5F . Souza ZF1205K
PLE 5 FRFA7ELRRE G 82l SR, M3 T Mk
FEB AT T RAREY), WREETIA (78.97£5.49) mg/L,
AR LKA ZILRE DRI (PoraPak), #
BUERE 80 °C, JE/71500psi (10.3MPa), LL/KFI
CEEAENTE, AR RO B &N,
PEHUN )5, H AR PR R, R m T UAE. $i
PEAR IO R IR$EELSE £ G2 /7% o Olejar 5P7ER A
PLE X KRR AT IR IEE, 77 11.0 MPa, LA
IKAENEE 1 DEREUAR, BEJS FH CBEHREL, SRR
KRR IR ZER AL, W€ T ¥ 6 PR EIR b
R IR R B AR 120~140 C, MRt
PR 6 min, NZHAMNE 5 TN 2 E
THEEA . RIRE IE H 238 BONEE 52 SO i &1,
RTINS RS, (H R RRE
YR PP ARG R RR R R, R AR SR RO FEAE
BRI, ZRAMAJER B skt 47, 2
KIRFR BT B 728 R B AG R A =427 PLE
T — 38 & I AR FE N A A — M P R S AT
&, BERRA, X R R POE BRI HAE R
gt, [RIREOKBRBEW/D T A& G RE i . ik
b, K PLE $2 5024 U5 i 7 R PO HUG T B 1
A

PLE ¥ MMIRIME AR —, H5R IR
UAE 25808 iU iEA L, BAAHRER . @k
BRIEFEC. Aeld AL BB AR S, EH T
TAACKRAEF=, MHRTRS .

1.8 ZRAHKA

BEAE R R ISR . 5 REM DR 1 2R Ok s,
RIS ARAEAT AE LA 2 2K, TR A [F] 32
HWUCEARBR AL, ATDUA RN “ 14+ 1>27 (P R RCR
Z BORERA 18 72 H AT S B b 256 HLER S i 1Y
FERA R SR EES, FRHREEAREZ,
T T A - 8 75 R B XOK A 22 7% (enzyme and
ultrasonic co-assisted aqueous two-phase extraction,
EUA-ATPE). UAE-EAE TiAbEREZHL. 88 75 il
BhEHX Cultrasonic-microwave-assisted extraction,
UMAE ) . 1 9% %l B - = 70 MK 3% & 3 77) 28 B
( microwave-assisted ternary deep eutectic solvent
extraction, TDES-MAE). MAE-Je4% [l 2% .

Song ZBUHEA T EAE. UAE S UK AHAEHUH;
A (aqueous two-phase extraction, ATPE) & 1 —
A RpSE IR $R B 72:——EUA-ATPE, R [F] B $2 H
Ao B 2 )T B BRRR AN BE AR Y I, 380 B DR 3R S
A CCD AT i IR I T Z 9L (NH4)2804-
CEFAENROKFZERG, R A S Be o2 4 —h
fitg -2 4T 4k 2§ 160 © 280 (Ulg), pH=4.4, I&JF
33 °C, WRHEE 351 (mL/g), /Kfi# 65 min, i
25 min, Wb FTELIR I I KARILE N 0.78 me/g, W
i 5T UAE-ATPE.EAE-ATPE il UAE.EUA-ATPE
(B [FIE A ) T HE D 4 L B P BRI A, BT
B 5AMMBES S HTERR: 55— 71, B G
ST RO ABIA SRR SRS AL, STV 7R B B s i
FER, SRR, Jf H EUA-ATPE $2EUY)H
bR E 3 PUE TR AE I k. ATPE JEiLs
FHIRIGA, i/ E AR S /T T 0 B R R
VR 7 BE AR B H AR, 0T 25 HUER SR L
BONAL . MAh, BEUA-ATPE A ML A REIR T AE
Bb, frasss KT RS A bR, A
P LR SRR it — ol (Y S

MOKAGE P 3R B R R e — TR AE AT 55, B
BIBLIR 5 F LT 4E R WSS HRBOEST A, H T2 R M
fifE4b P . Gadalkar % BV S, T —Ff UAE-EAE Titkh
PR IR P BT SRR 7 9%, A8 P [ S AE R
KKiF- (magnetic nano particle, MNP) I IR 21 R
gl (ferulic acid esterase, FAE) &R I R X i
FEKHIEREAT AL 2R, MNP [& 52 (b 425 T FAE fIn]
HEMEAME, R CCD AL EB AL T Z AWk L
3201 (mL/g), iR 42.2 C, FAE M 2.82%,
TR 84.85 W, 1% L& FRELIR M & K==l
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X7 3.69 mg/g.

HEMETE & B B R B BR 25 7, Chamutpong
SEPARFH UMAE Hr RSEIUSETE I R SR oy, K
SR D v P R 5 R P B 23 o A i ) e B i AR H EX
i [ ZE T PR, e T2 N A TR 150 W, T
N 50 W, $2HL 3 min, $RECGEECT 60 C. 5
HRE #HLt, UMAE Bl ZiE s 1 4 £, $EHUTE]
ARFT 60 fi%, THE P I ANGOR 1 ik [F A FH e 6%
EREEPEURE, AR T % T 1 SR R
Kk, Bt AT IR 2Rt b ST
Liu %33ET ChCl #1457 15 ' DES 5 MAE Bt
HH, HTRREGEETOERRER. 258,
MINMERRLE A 10 FhRARPTEALTR], A 15 Bk HBD H
i H /K SN 20%IF) 1,4- 1 —F% (ChCl1,4-1 —
fi=1/2 mol/moD) MFEM 5, LS FiAN
T 1.42~1.94 %, =T DES 5 UAE. HRE 4§
A, JF HARHUS (A BE %, DES % /b af DU
i 4k, BB TH#E—D TR,

A, K TDES-MAE #2HUR: A - i i 4 R
2. BB THIRPY, KA MAE-Iek Rl i
BT R RLRIR. W IR WIHERR. B
BERBS), K DES-UAE 21 8 RS AMEY) (G
% EEE. REE. EME. P¥. 42,
HARE., BHBEEH) P IRIEFREY, KA DES-M
IKAHAA 22 -NPEC $ B0 B 4R R IR BT, KA &)
FAHBh-NPEC $EUERAR R 1 Hp 1) R R 8145 1)
HAR T B R
2 PHBHNERERITHST B
2.1 KFLOR IR AE B igsE

KALTBBEAR CRIAR “RFLI 7 & —HRTA
B SN RILRIFT RGN &S FRBR S
Yy, FUARIEHALE 20~1200 um; S/KER S, WA
40%~75%; TERZ W3S A MU B AL I T AR
£ 105 CFHEHAMFEM; EmE 1. Ko 7is
YR TEHLER R A Z T BRI, DA
BRI B (0 75 O e FIRER 71 Gaflie sy, &
B, EAFFX 770 & A LEA R 55
YER 77 FIBIE A B BRI 205 b 5 (B D. K
LR HE A IR R SO R E K.
aifb R m . BRAERE . R S9N WA
S, HATESEE AR AE RS, T TR
Iy Atk H 25 HLR K7« Charpe Z5B9%F EE 1% A
5 FAS 6] B R AL G A H BEEE B o 23 85 T 2R

)
%me | wmw [O
&) O
P R O §2
i %
P Eb A

E1 XFLWMREE&IEERERE
Fig. 1 Schematic diagram of macroporous adsorption

resin chromatography

45 Indion 810 WG AR B /AW e e B B, ad It
60% L BERNASLFT, HERRIALE N 14.3%42 53
71.5%, BN 63.6%, 1% 78 A Tk AL KA
#HHERREE TR . Zheng ZUWOIF R T —FhBE S
158 FFY SR IR e R R FL R B ARSI I H SRR 32 4 v KR
BAE = H R SR s RO &R, B R 2
ANRT B 2 BOD IR A, 56 1 2D FH IR IR I i 25 Bk
HER Y 0 H R ER, 5 2 20 KILI AR 2lifk
HERR, 4558 HPD-400 #8 Eo H B AW B /A
WERE, DLOEE-KONIET, 20 kg BRI 0.43
kg HERER, 4R 11.40%32 53] 88.95%, [HIIE
N 76.53%, A BN HA R B B 24 OGRS A
PEHA =B R . Fan U SHAE ]
A RIS TR, B T — RS L g
BEFAREEREFR, EICTREFRALA K
W B/ AR B T 1) X-5 AR TEMRBHFN B, IR IE A IR
BRI AR E MRS E S AN 0.24
mg/mL. 3BV/h (BV BIAEAAFD) F112BV; FEMER
BB, WM. P B AR IR AR AR S S
50%Z.0% 3BV/h fl 9BV; % FUAE B ESEU T it
17T LERK, 85 FREFRM TR 12.41%3 5
3| 45.30%, [EIUSCRIEF] 80.17%. Bb4h, RHIAAL
W o i €2 B v 2 B8 A O T PR IR IR R TR (42, R
IR R F IR, Al it o 2R R EREY, G4
PR RIR . SRR . MNEERBISE S TR
UF IR
22 BFRHmBILEEL

B HURTE KSR 2 SPRAS, F AR
F B A b B idt 47 o s alifh . b 253 HodE
SEAEE B B TSR, SRS P AR k%,
FARRRRBEME, EPRT 320 & AN BUk 2%
HR e SRR B B B T A He IR, T S R AN
L A e 1= O P L e, A s Ll o ) a1
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tH PRI H RO I R B B A e T,
MR MR 2 7 W S B AE Y A L, T H Ak 3% Jo U A o

SRER R 1

? [ s G

SRR T
TR NG

Aoy

%E'T#ijﬁﬁfn SR 91 1

Fo FERDKUEEROR, e LIRS IR BOM: il H A2
FERR A _E A HLERUS4S, a2 Ffow.

Bl sy N o
T 4 ﬁ*}&'{ﬂ&%ﬂ-

S H R e F 3 A ALER

2 BT XHMESBENPABNERERS

Fig. 2 Separation and purification of organic acid components in traditional Chinese medicine by ion exchange resin

ZEREEUIDUA HLIR S 4R AR, ik 7 B4l
B A TR AT LR 0 B3 A 2 1 28 e A i 35t it )
WRE, I 717 Bt B A8 45 IR 28 46 R
Bom, HAETMAA 0.3 mol/L bR, 4ith)5E PR
UREN 65.15%;: JAE# 5B 5 EAE IR &k
JE£ pH B+ SRR I I V0 FEE R AR I B 0T BB 2R 9
B A R A B S A HLER 5200, {5
Falifh 208 EREAUREIREE 1 g/mL, £
pH {4 10, FRRRVEBBGAR LY 0.3 mol/L, AR
#4 3 mL/min, P38 A PR & 75 #nl ik
67.66% . FHESEUSILLEL 1 o Y [ 1 5SS e Mg
N -k RO FL BRIV 2 B Al ek DU b Fu i A
PRI I ) T732:, 45 I W 5l Y [ 25 - 52 4 pw
NEvE el SRBORGE I BN AL B & A e G A
PUKBERL 200, BOM R+, H 5% ORI, 1E
TRESEEL, FEH AL T R 88.9%, Al 1F 34 89.1%
23 BIEHKEER

AR it G Ec A, 12t —
T A A ORI 2 Bl WL B A3 () TR 43
&, X HArh 2R s S A EE T RS
WEFLTTIA], G0 R AL g 5 58 Ik fr £ 335 K & A
F, BB 22 H i 5 BH 25 S b I Bk A 15 1
e RALBIG . NLRAR CRIERIR 0 2k 1) S AH
PERRIRE, MCD . &l 1)\ e S Ak e i & e i 41
%l Coctadecyl silane, ODS) A €83 & fil] & HPLC 2§

B . Tang ZEWLR A UAE VESREUEK 75 T 11
RIEFR, PR RAUW BRI A SR L A 2 vk 3t
irafith, M9 FORFLM AR LI SP825 Wik
f, RIEFR I EEMN G 0.27%3E N
F| 50% LB 16.58%, WNT 61.4 f%; X
F R Rt — 2B 4lith, 78 70%01) LB 0 145
FNAEIL 90.23% M IRIEFIL s e Jo i — IR i
PAFAE T (>95%) FREFR. ZHAN L
A ZERAE . ARG B AT, EHTR
FIAL AL = IR IR A FR A R P . X 2 TG S5 OTE 4l
B AR B A et I AR R, R
D301 §508PERN B 12 #emt g5 001x7 SRERPEE Y
FHES T A et IR B AV RO MLIR IR R, FTSf
WLERIALNS 2,2- R FE-1 -5 R E 36 2,2-BR%A(-
T(3-LHE IR L) A F AL Rk
FH I (37 B R 2 ik 2] 96.24% 99.23%F1 95.77%.
AR AT G EPUBLA FHEERCFE . ODS A, Sephadex
LH-20 % SBHEEI A . RP-Cig Kv MCI gel 122K
il %5 HPLC 43 B Bt T & RS A HLER s I
R AL A (100~200 HD 2088, —&H
fi-FREERG Ve, BTt G5 14 ODS H4r &,

F K BR FEEI, FITAS GS-2 18434 MCI (i 3
2, S G5-2-1 14574 Sephadex LH-20 #&E/BAF 4
W BAREIKMIR; i3 G5-1 1R & 45
BRFE)LARER; 1S G5-1-5 184 Sephadex LH-
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20 BERAE RSB, TS G5-1-5-20 T4 AR
PIFERR o

IEAh, RIS BOR 53 B Ak T A B i)
oleraceacid A « BP?, Z R F 1) 3-3.4-
dihydroxybenzoyl) propionic acid. 3-O- Z. B 3 5 3R
R SRR FER. H)LRRR. Wi, 5
g 22 b B SE IR . IMENRIRDY, 250k
X ¥ A G . WNHERR . 1-feruloyloxy-2-methoxy
cinnamic acid®®!, FHEMIH- [ arjunolic acid®, JK
FER AR IR R . B HERLT, (TR
) 20,30- FRIEFBURER . IR | 20,30- —FR3E
RERTRLS, 2Dk 13,14,15,16-DUPERR-3- 50 % -
12,18-Z3RIR . XTSI FE-8(14),15-4-19-FR R
15-2 LK H-8(20) 12E- - H-14- I E-19-FR R . i
M3ERL . amphiacric acid A patagonic acid. 2% F -
JEJiens REJEIR . 15-F25E-16-FkFE-15,16H- ¢ Jie i
REEIRPY, BEFH B imR. B,
fupenzic acid®”, HHEREEH R PR 5-(4-FR IR
B)-2-HIR . JFLRIR . 3,5- 7 K 4- A B K
2. T &R 3-hydroxy-4-methoxy-benzene carboxylic
acid\ FFEROY, b7 MRS G, 2EAZ- vk
2+ (E)-3-(3.,4,5-trimethoxyphenyl) acrylic acid. Fi%{
g 3- A -4-F H ORI IR . I U0 F 2 R RE RO,
FEAUR I 20-F 55 UR IR . SHICREROY, LA
RO —ERER. ROEAXKER. FHER.
2-HROR M- 7R 1R . RANAIEERR . WALk
FR. WV ORR. AR, AT AT AR AR R |
P YHTERISS), B Hh PRI R S Bl 73 10014 O XA 1 e
RO o
24 FitREIERA

HHl, OF 85 B2t b Bl - A e 58 40 2
tH 2 HUIR I 73 B A 75 5K, L AR R A LA T K
7 — 2o m R B Al b 25 HLIR ) (i B A kL .
Zhang S5 67158 1o P A0 ik AR A S DI A T —
RANB AT (XD 2= 3 B ) B 55 122 #i
M AU MR (7449 AECOF-42-B,, x=0~
100) AR B HEIR, Hr AECOF-42-B50 1§
FLPH B B 4838 I LA A e 4 ot P T 3R A L R
RN A R B % e, H B ER AL A R R B ) 32
BAER IR B FARBAFEMEF RS FHER/ C
AR D9k M 70 A MR PR 1 H R IR ) AR M R T A
100%, FFAEFEHL SEI AECOF 4 ; LL AECOF-
42-B50 A3 B A AR [ AH 25 BOREIE i D SE I T

EIREAY KBRS PRI &, R
90%, 4T 99%, HZ&Id 50 IR MIEH . Bt
A AR 5 S AR AT AT OR A AT A6 RO o 2 L
e S IR B/ B P R AN AR 1, & AR N H R
BRI MR RE 23 B A B, A RN it 1 —Foh
B e

Zhang “FOSF 1 — Tt ) eSOk £ 48 3R ook
RE RS E, T R 4 R IR = 4R
BUVELTYE R BRI )5 I AR 2R Fu, BT 4ERIA
VB NV VR P AL B S 43 BIK, FERIORR T ITTE
K EACURAE e, IR AN 1R B B 7 A
BATIEM, 193] 7 FOASE S IR B P4 3R
ER (CM-ILD, L 50% MR 5% OBNVEHGEAT
AR, 5 SRR T FASIA] ) CM-IL ) 45 J5 R AW R
REJIMHIE (29 90 mg/g), HIHE 3 s KL A
(R PHBE 1 (29 30 mg/g) i 3 f5LA L, [FIET CM-
IL 7E 40 min P4 B S0 B4, T K LR BRAR i
W FEEE 150 mine 1% CM-IL #HR}SCH 2k & 4R 4% R
PRI AR R B AT RETET: (1) SRR ERMmMERZ
[E]sEA BEAEH : (2) B -FIRRE SRR
IKMABRIRTE, AT 7877 BB S R R A T
RORIGIN 7 B EAR, AT INEREZIUE A, (3) I
AR FUIR B B8 AR T8 28 Z G IR TR A TR
BEARX T R 5 A VIR EAT RN n-n AHEAEH
73, ABENARAE T R AL R i SR K
2.5 SFENERA

I3 F B E AR I B % K R R I — A T 05
AR U TR B e R B R, gy B SR
AR DhRE PARFIA BRI E R R A, TR
AR E =T RE RGN — TENE RS
¥ (molecularly imprinted polymer, MIP), MIP [{]
7 IAE 2 BRI 23 1 J5 AT SO H AR 23 T R
PR, HAE LR T “Bil-9]” DL, A
AR EAe I K T B A SRR,
K 3. Baydemir S570V5 A | —Fh 2 T FE L N A R -2-
F2 T8 ) R T IR B R R T i N IR R (2-
hydroxyethyl
imprinted particle embedded cryogel, TA-MIP), HT
IO R IR TR, IS S AR BT
FIRARKILEER (non-imprinted particle embedded
cryogel, NIP) AbfHEAE iR A SRR B 24T ELA
TA-MIP. NIP fRURL LA BRI A 7 i 29+ 25
m¥/g, 23 mE T X RAER A R SR (9 m¥g);

methacrylate-based  tannic  acid-
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Fig. 3 Schematic diagram of molecular imprinting technology

W B ATE 72 R B TA-MIP (1) 55 K 57 BRI B K 34.4
mg/g, NIP 4 3.9mg/g, XFHEEEHR N 2.8 mg/g, FFH.
X BT A B B s AL, TA-MIP B A v]
DIEGEH, AL BERDTRRAIRHE. Xu
TSR AR 771, LAt i A Dy e F
&, DA s — REE IR IR IR A HGR, DMEE
7 THE ARG, LR ABELER, G 7 —M
F IR R4 B S5 IR RR 1) MIP, RefS7E 2 h NiA
B0 UR R (W B P, WP AR B ik 124.68
mg/g; 1% MIP FEA AR AL R A, 2z 0T
Vi E SRR, 0.5 mL HZEMYE, 4 mL
IS M, AT SR B T S R R I s A Rk B
76%. %M T 2RI o) B R SR R
PAE T —BE RN T, oA =R AT
Iy B AR SRR AL T G Fu U5 BT — R LR
PR A9KE (magnetic carbon nanotubes, MCNTs)
NEARK MIP (MCNTs@FA-MIPs), 454 HPLC
FERTAE RN E SR geeg, 4
RH, #]41) MCNTs@FA-MIPs AT 5 (R
REANISI AP, R H AT R B 20 0 1k e, TR
By AR 2 h, TR E S0 mg/g, BTN
1.73, SEILT B BRER ) R e M ARH 2 B . BB AT,
K 43 F BV IR B AR 43 B8 Alidh 58 95 e 1A%k A rp ik
AR, Rk RIEFIRUY, g 1553
RIRUS), AT, SARAE. AL 2R R R . o
MERRUS], FASET i & FIRU7, fRR ) D5
23178 UUIE SN EE R S SRIEVE

MIP 5# BRI X, itk F AR Bk
FEYRPRLSE TR FA SR MIP $24E 17T L ok
BE R R E] . MIP T4 B s 2 G MR i
LRSS, WRER S OISR EEAE, BN
[i] FH 2 O R SE 788, 36 AT MIP RIS SRR 45
Gl T B G o B R A, (R AR IR
AR, TEREGMA, ZiE x5 3% HE
AEVEREESEA R

2.6 BROBEAR

L 8 4 A R P e 3 AR Sy i 3 B A 2 3
TR 3 B A, P e 1 25 A2 40 B )3t B)
71, SH D ET R R A R A ] 5 5 (E 4.,
FE oy B HR R G 70 25 WR4A . Atk KR 1 3
e, HAMR. BRIERS. ZCRE . TTHESERE A
H A1 TSI v P 1R 20 2 o A B e, R A
YRPENE . ROBENL. BT, B S5, HA il
PERR. ERUEIE. NIRRT A LR 7 5 R R 2 7,
Neagu S8R FH A8 FHER X5 3 R 7 & SR ik
1T B es, VAL T BT S R o3 0N PRI AT 28
WEPE, fEFFLAEN 0.45 pm F AR AT 4 R g R
ITHRIE, FSBR RIS B ) B /NRBE (5 um) Al
FRUERONPREE (0.1 pm) Z AR 4B AR BURL, i
VBV PR AR A1 4 AT R R, AR AR A T =
N 3000, Z5HRAEE SGHEIEY) T E kR R Sk
EHIR, 5 SRS e iR . o aEe
HENL T — R FH B 8 - 2 ZE U R W H B U
W& H ORI L2, FRBGRA 10 nm AL %
JEEAE 25 “C. 0.12 MPa 5 FiJE; SEL AR
TEFMNBIER pH {ER 2, ZEHGHIA = ki AL
JB-RE A 5 0 95, AHIAMHSKMARI N 1 1,
H R B AEBUCRIL S 99.2%; H E R i1 [ A HL
T 24444 22.5 mmol/L NaOH 7K VA N [ ZE 8L 71,

it

KA1

\ [ ) ° [} .. oo
‘03 : % o.' °ef

[ ] [ ]
° ] 0 ® @ . .. :.o:

.o oo L] ® °®
*Ceoe N TR
LI G 7
s |—>

4 BROBEAREE
Fig. 4 Schematic diagram of membrane separation

technology
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BHUAHS RAEBGIARREE 101, HERR K R ZEE
FiAF| 98.8%, HEMEAHEBLEN 98.1%. HFEM
XA FEA LR EA — & FEREE, A 5e 4l sy el
FEIIARS 73 D i AU, P RESZ A k) 444
JES 25 46 55 R Ay 25 46 () R AH ELAE P S DRI . R
PSR R, & RENEEIE 5 SR
(11 9 ANy BTG VE R FE B IS AT JC A AR ks &8
BRI G FF S 2. TR LR MR . S
BIR . RIEFIRSE N BT R, T R
D. FH#HEE B, EKERR S8 T T4 20%, FHH
R A S8 5 A, TIN5 B JEOR R 1
20%7e Ay FERBIEIEFE T 2 FhBEYS 218 PR A
P, AR RTE 2, FERHEH T
gl. Ak, FCMhSsemna HLER Lo IR UE 70 55
REGFSWF TR, SRR 5 AR 1 AR PR
g, IS EERE N 15%, —HREEHE
EAOK, Bk TR RCE A Eh, B B R e A 2
R FBIE T gAY BOR IR IR R T g T
S VR T DA 55 6 6 SR IR - 3 LU B B A% SR AT N
VSR, LGRS R B, B
TURFEN 60%~80%KT, Loy TE X AFE 4% 5
FRELATI N 22.21%~82.43%, FEEBEDUIRE T &, 4
RN EEGAERESHE TS, fadsns il
P, GNIE BEAT N ATE AR E-FLIE AL &%
NP FEREE B, A NSRS R s 55
BIRAE T AURE . A, SRAEIERIAR > B Aifk

I i
I i

HE A HREERES, &7 SRR, Rk
R IE A TR T AT T BT ISR

L 8 5 AR AE A 250 U 57 ) e Ry B v
ARIFMN AT S, AT SRR, KL
WR HBHTE S BHA, 6., TSR
WHARERA, ABRAFAE 5 R A TS G 5 2 8,
WorBEMn TEESSSEUERENE, #FEY
B RAET G, mEREENAS &5, TolBeRsZ
P45 I
27 EiRFEREIE Chigh speed counter-current
chromatography, HSCCC) AR

HSCCC #2& 20 4t 80 FFAX A @K1 —Fp T
[ AR - A B s R R, 7 B S R 56 T4
JRAE HASAHE B AHVE 77 R 40 20 e R AU 2 R
I RRR PR e A BT, FE AT B s g
FRRRE IR SN 5 (B S), SEIR IR A
i H AR () R RS B8, 4 6 Fiias . HSCCC 58
RS BIRR, AR T S SR
FE it AN AT TR B, U HOE T B8 Bt SR AR
By, Hol 550 i HPLC. ils Sk
UL B B E AR A . Yang F58955 BN
W SR BR AN AE SR, W ROV K 1 5 FH A vl vk
AT R IR LA Bk I, P B IR B i A T
EETUISEEL, FTARsE LA HSCCC #4740 5, LAIE
Cke- R P he-HmE-K 201020 1 ABEFER,
T 25 °C, %3 950 r/min, AFRUE 2 mL/min,

[EEi2 11

BRHEENZ

HHE

O-NEH; O-H N Fi- AN ARIB 0 ) F- BRI PEME LT AR F )i —8G BEH. Walla B B-Fiv R JTRMER,
[EE AR WAARR G D-BEER: RABEEH AR S AHIES,; o-fdEE,; HBIREEE: ST,

O-revolution axis; O,-rotation axis; F-centrifugal force generated during revolution; F>-centrifugal force generated during rotation; A-directions of F

and F, are consistent, and stationary phase and mobile phase are layered; B-directions of F} and F, are opposite, and stationary phase and mobile phase

are mixed; D-spiral tube diameter; R-distance between rotation axis and revolution axis of spiral tube; w-angular velocity; r-spiral tube radius; S-partion

radio.

[El5 HSCCC 892 Mo E/RE
Fig. 5 Two separation principles of HSCCC
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Fig. 6 Schematic diagram of HSCCC

KK 210 nm, M 3.3 g BiAeRoei b o 245 5
7.2 mg JIE S HCN 93.8% M5 R EL A 2.3 mg i &=
BN 90.1%HHERER . Tan Z500KH D101 A FLK
fE4E A HSCCC 4y Balifv L ZR s 2l H i &7
2, D101 KFLRHELL 55% L BEsefit, #Ibaifh#EE
Y, ZBRZ; HSCCC 438 LAIE CUE-BE R £, 1g-H
BE-7K 1050105 NIEAASR, #i% 900 t/min, &
FURE 1.5 mL/min, KK 254 nm, RAEET
FRIVAEEETAF] 98.72%. Li 2501 HSCCC 45 4F
il HPLC Mas BEEH R 7 B4 T 3 Fhiip
T, E YR BB TR e s B L AR E R
HiME R4 7y FERH HSCCC #t—5 4y B Aalifh,
PABSTR . G-1E T RE-HER-/K 101 :0.01 12 R
Z&, FAEREEA, FHERRSIAE, i 850
t/min, AFURE 1.5 mL/min, KK 296 nm; &
Je K 2E £ HPLC 1981 2- T AL 0E 1R 2,4-—
TEILEE R 34- T E A R 3 Rk
By, BB N 90.0%. 91.0%F1 95.3%. It
4b, K HSCCC HAR 3 B afifb A7 i v (1) 4 S R,
AR R R AR R DY, HREH ) H R ERRY, KR
HHIRIE AR . INHERRO L HUS TFRR -
2.8 HitosEEAR

B 1 B JUMEAR S, HANEIRE 1 7 HOR-1
i Z B (dispersive liquid-liquid microextraction ,
DLLME) HiAHFHZHNEL /> E. Liu FPF K
TR T R ) =41 DLLME $AR, HT 95
2 R AR RR IS LA I R AR 8 (NMERR . X2
FERRERR « BT ERIR AN AAERR ), —MHAEUARLAIED
B RAERUER, & IR AARE N HE, AR
WH T =R ERRE RN E A NSRRI R, 12
BV K AR s K A B 79 AN B S AR 23 HIHH VR
A TN 3 BUE AR, TERIZIHE TR

H st S MO R B R, JEm & w17
REHUAH A, R E Y2 S o B 2L B A T HPLC 4
Mty 12 BT E TN 110~189, H I M
T Z Mk p 25 X5 77, BABRERE, PUk,
IR A
3 FHiEERE

W26 HLRR IS B TE R 25 T 22 R AR 23 1) &
REEFL. FRE IR AR SE R S B AN,
FAT RGN S B R A TR R oy B Atif,, S AH O
U RF S TR, AR TP 2 LR ISR 25 K
(B SRR S . B IARIREL. Btk & o #r
BARBIARWIRE, B 00H HUE ISR BB TE LS
PEARWTH ORI, S AR R TR AR AL T EE B3
o RUONANRE R PRAE T B I RIARIE,
o GER SR AR Pt L AR, N IREL S
TR ORI R AR T BRI “ F 7, Rt AL A
REOFTC. BIZGRE R PR L EANE, N AT
e

E AT ET 0T o 24 A LR 28 o TR B B % 43 15 4
WA R Z, (BRI vE A FE F Y KAt
R NARE B bR B 5 R A o (T P 2
R, EH—MEARRZHARBEMA, PLkER
EHINE NG A L € i P AP S <IN 0
B oy B AlARAR DA T K SO B K, (HEZ 2
CHEBARNREESER . BEEMEH LT S50
b, TEEARE BER . Fris & e b, Hil,
WFFE T CTF R T BORP e % =k B Al ik b 245
MUER I i BTATRE, W B AR 22 RE. 20T B
RIS . UM AT Y R EREE, B Alib R I
TG gkl Kok, METMRSE. %, £
VISR SCF R R, BURIT R N RS k.
s B AL P 2 E MR R R S B R R, B
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SRS LS A e & W& TELi &

2R, HHISEIU o B A EOR IEAE A Bt g
TR R, FRHL 2B, 2lifl o 8] ) SRRt AR A
RGBSR, 11 2 BN E - 2 M BRI AR R S R
H, D SEHERI, 728, 2l falll, X/ H Al

BARTE P BRI R b & 30 H e A 2007, i
TEHRZI R R I B AL AR E . HAT, 7E
AH GBI AT B U/ Z R F LA DG A J_ 3
AL, SemBelfl AR, Rt 20t
FUESE, ZHEARBCE AT BB AR T 211
PRI o S L S oy g alifl, RIS B I s R,
L9, BREERE. EE R4 AEE TR
REMRT, BRFEGATRIEERE. SEKRE. TR
AR RS .

ANIL#RE (artificial intelligence, AD iBhH2
WHoE, JUH K. SERPIRI. pEsaif. BE
FRAKRKEIIRAFE. BEE Al BAREEER,
R TN A T N IS IR BN B HAR XS . INE B
i 128 IR v 8 7 1 TE 8T . A 25 A HLIR 3 X
Koyesaiterr, Al iR AL %20 IREE )
FREGHE 73 B (S R e 2, G Py sE s i
Wi e 2 50t WAL T 25 %, b il seie
L, AaRat R A, R E K&, b
APURFE AL S, FRARsA, B
EARB R 73 B AR SHREHERE . I AL
A HUR R DGA R BEE 2, H h LRSS e =
SEATT ARBA SRS 73 B AiA 57, T AL
R SVa I A B BR A, AR A B B i 7%
ALTEI 7347 P s sc i dictls, AT Ad B @ S IR A 70
WMFES T 28N R, R e T 284
fE H SR o B alif e AR G AT B, il
AL B H SE R T 224, nTifiR T EdFE
Fasg, ERTSEHLMERIRAL . $REL. s gl
TS E M AR NERIE. Hil, AL T A
PLERROAS B SERIAEREL. o aaifh. xSk
EAZ, RARKMFRKELT L —.

ABAR FAEEH AT ER G R

SE R

[1] Shen Z N, Wu Y, Zhou L, ef al. The efficacy of sodium
ferulate combination therapy in coronary heart disease: A
systematic review and Meta-analysis [J]. Phytomedicine,
2023, 115: 154829.

[2] Zhang W, Zhang S, Yang H G, et al. Salvianolic acids for
injection alleviates cerebral ischemia-induced
neurodegeneration by inhibiting endoplasmic reticulum
stress and neuroinflammation [J]. Pharmacol Res Mod
Chin Med, 2023, 6: 100211.

(381 O, FARK. IR O L HE R A LR Z B
FIEI T2 (0], EBUCN 2577, 2016, 33(4): 428-
431.

[4] FERbIC, JIPHOR, #R0E, S B AT R VA A
WA HLER R I T2 [3]. " E 2405, 2017, 28(16):
2241-2243.

[6] R, & H4%E, ke, 55 SRS AHLIRK S
g TZMA [J]. kY, 2015, 37(3): 664-666.

[6] FELL%, YRR WA R iR A SR h A L
RIS IR T 24k [7]. 1L AR EEZY, 2016, 56(18):
92-93.

[71 Xia E Q, Yu Y Y, Xu X R, et al. Ultrasound-assisted
extraction of oleanolic acid and ursolic acid from
Ligustrum lucidum Ait [J]. Ultrason Sonochem, 2012,
19(4): 772-776.

[8] Quan C, Sun Y Y, Qu J. Ultrasonic extraction of ferulic
acid from Angelica sinensis [J]. Can J Chem Eng, 2009,
87(4): 562-567.

[9] Ebrahimi P, Bayram I, Lante A N, et al. Acid-hydrolyzed
phenolic extract of parsley (Petroselinum crispum L.)
leaves inhibits lipid oxidation in soybean oil-in-water
emulsions [J]. Food Res Int, 2024, 187: 114452,

[10] weRh, P&, B DA NIRRT K
Fo £ B E . [J]. iR REE, 2020,
59(13): 118-122.

[11] PP}, 245, DA BRI S I T 2 R A s
P 0] AN g AR, 2018, 16(3): 47-52.

[12] Fang X S, Wang J H, Hao J F, et al. Simultaneous
extraction, identification and quantification of phenolic
compounds in Eclipta prostrata using microwave-assisted
extraction combined with HPLC-DAD-ESI-MS/MS [J].
Food Chem, 2015, 188: 527-536.

[13] Sik B, Hanczné E L, Kapcsandi V, et al. Conventional and
nonconventional extraction techniques for optimal
extraction processes of rosmarinic acid from six
Lamiaceae plants as determined by HPLC-DAD
measurement [J]. J Pharm Biomed Anal, 2020, 184:
113173.

[14] Upadhyay R, Ramalakshmi K, Jagan Mohan Rao L.
Microwave-assisted extraction of chlorogenic acids from
green coffee beans [J]. Food Chem, 2012, 130(1): 184-
188.

[15] QuW X, Mou ZL, Cui HY, et al. Analysis of fatty acids



FED 2025647 $56% H 8B Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

* 2965 »

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

in A
extraction and gas chromatography-mass spectrometry [J].
Phytochem Anal, 2011, 22(3): 199-204.

Ali M, Hazra D K, Naiya H, et al. Microwave-assisted

szechenyianum Gay. by microwave-assisted

extraction and purification of aleuritic acid from seedlac:
A fast, eco-friendly and cost-effective single process for
enhanced yield and purity [J]. Chem Eng Process Process
Intensif, 2024, 197: 109716.

Durmus N, Kilic-Akyilmaz M. Bioactivity of non-
extractable phenolics from lemon peel obtained by enzyme
and ultrasound assisted extractions [J]. Food Biosci, 2023,
53:102571.

Liu TT, Sui XY, Li L, et al. Application of ionic liquids
based enzyme-assisted extraction of chlorogenic acid from
Eucommia ulmoides leaves [J]. Anal Chim Acta, 2016,
903: 91-99.

Kova¢ M J, Joki¢ S, Jerkovié 1, ef al. Optimization of deep
eutectic solvent extraction of phenolic acids and tannins
from Alchemilla vulgaris L [J]. Plants, 2022, 11(4): 474.
Bayram S, Kutlu N, Gergek Y C, et al. Bioactive
compounds of deep eutectic solvents extracts of
Hypericum perforatum L.: Polyphenolic-organic acid
profile by LC-MS/MS and pharmaceutical activity [J].
Food Biosci, 2022, 49: 101926.

Tian M F, Wang W H, Ahmad N, et al. From medicinal and
food homologous biomass to total glycosides in
Rehmannia glutinosa leaves extracts: Microemulsion-
based negative pressure cavitation-assisted extraction [J].
Chem Eng Res Des, 2023, 192: 500-509.

Roohinejad S, Koubaa M, Barba F J, et al. Negative
pressure cavitation extraction: A novel method for
extraction of food bioactive compounds from plant
materials [J]. Trends Food Sci Technol, 2016, 52: 98-108.
Kong Y, Wei Z F, Fu Y J, et al. Negative-pressure
cavitation extraction of cajaninstilbene acid and
pinostrobin from pigeon pea [Cajanus cajan (L.) Millsp.]
leaves and evaluation of antioxidant activity [J]. Food
Chem, 2011, 128(3): 596-605.

Wang X Q, Wei F Y, Wei Z F, et al. Homogenate-assisted
negative-pressure cavitation extraction for determination
of organic acids and flavonoids in honeysuckle (Lonicera
Jjaponica Thunb.) by LC-MS/MS [J]. Sep Purif Technol,
2014, 135: 80-87.

Pappas V M, Athanasiadis V, Palaiogiannis D, et al.
Pressurized liquid extraction of polyphenols and
anthocyanins from saffron processing waste with aqueous
organic acid solutions: Comparison with stirred-tank and

ultrasound-assisted techniques [J]. Sustainability, 2021,

[26]

[27]

[28]

[29]

[30]

31

[32]

[33]

[34]

[38]

[36]

13(22): 12578.

Souza M C, Santos M P, Sumere B R, ef al. Isolation of
Gallic acid, caffeine and flavonols from black tea by on-
line coupling of pressurized liquid extraction with an
adsorbent for the production of functional bakery products
[J]. LWT, 2020, 117: 108661.

Olejar K J, Kinney C A. Evaluation of thermo-chemical
conversion temperatures of cannabinoid acids in hemp
(Cannabis sativa L.) biomass by pressurized liquid
extraction [J]. J Cannabis Res, 2021, 3(1): 40.

Anderson L L, Heblinski M, Absalom N L, et al.
Cannabigerolic acid, a major biosynthetic precursor
molecule in Cannabis, exhibits divergent effects on
seizures in mouse models of epilepsy [J]. Br J Pharmacol,
2021, 178(24): 4826-4841.

Li P, Li S P, Lao S C, et al. Optimization of pressurized
liquid extraction for Z-ligustilide, Z-butylidenephthalide
and ferulic acid in Angelica sinensis [J]. J Pharm Biomed
Anal, 2006, 40(5): 1073-1079.

Song X J, Liu C, Zhang Y, et al. Sustainable extraction of
ligustilide and ferulic acid from Angelicae Sinensis Radix,
for antioxidant and anti-inflammatory activities [J].
Ultrason Sonochem, 2023, 94: 106344.

Gadalkar S M, Rathod V K. Pre-treatment of ferulic acid
esterases immobilized on MNPs to enhance the extraction
of ferulic acid from defatted rice bran in presence of
ultrasound [J]. Biocatal Agric Biotechnol, 2017, 10: 342-
351.

Chamutpong S, Chen C J, Chaiprateep E O. Optimization
ultrasonic-microwave-assisted extraction of phenolic
compounds from Clinacanthus nutans using response
surface methodology [J]. J Adv Pharm Technol Res, 2021,
12(2): 190-195.

LiuJZ,Lyu H C, FuY J, ef al. Simultaneous extraction of
natural organic acid and flavonoid antioxidants from
Hibiscus manihot L. flower by tailor-made deep eutectic
solvent [J]. LWT, 2022, 163: 113533.

Yu L, Cao L, Chang Y H, et al. Enhanced extraction
performance of iridoids, phenolic acids from Eucommia
ulmoides leaves by tailor-made ternary deep eutectic
solvent [J]. Microchem J, 2021, 161: 105788.

FAFE, XNBEL, T %, & P BI- e 8 R i
AR 23 J AR T BR A LR SR B i REH [J].
MR AR, 2009, 28(7): 773-779.

Jurié T, Ruzica Z P, Uka D, et al. Natural deep eutectic
solvents-mediated extraction of rosmarinic acid from
Lamiaceae plants: Enhanced extractability and anti-
inflammatory potential [J]. Ind Crops Prod, 2024, 214:



« 2966 * PER 2025448 B56% B8 Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8
118559. Analyt Technol Biomed Life Sci, 2014, 947/948: 41-48.
[37] Wang T, Xu W J, Wang S X, et al. Integrated and [50] BXET5, ZEMl, HER, & BT iEH

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

sustainable separation of chlorogenic acid from blueberry
leaves by deep eutectic solvents coupled with aqueous
two-phase system [J]. Food Bioprod Process, 2017, 105:
205-214.

ESIL, FRE, IVEE, & SRR SRR IR
R REMYRR R AL & W) L EO e AR AT T (0], M
9T, 2018, 7(1): 37-44.

Charpe T W, Rathod V K. Separation of glycyrrhizic acid
from licorice root extract using macroporous resin [J].
Food Bioprod Process, 2015, 93: 51-57.

Zheng Y F, Wei J H, Qi L W, ef al. A green and efficient
protocol for large-scale production of glycyrrhizic acid
from licorice roots by combination of polyamide and
macroporous resin adsorbent chromatography [J]. J Sep
Sci, 2013, 36(4): 809-816.

Fan Q B, Li Y. Enrichment of rosmarinic acid from Salvia
przewalskii Maxim. leaves using macroporous resin:
Adsorption/desorption behavior, process optimization
followed by scale-up [J]. Ind Crops Prod, 2023, 191:
115931.

Alizadeh P, Alizadeh P, Rahimi M, et al. Enrichment of
rosmarinic acid from comfrey (Symphytum officinale L.)
root extract by macroporous adsorption resins and
molecular docking studies [J]. Ind Crops Prod, 2024, 214:
118541.

Zhang J H, Zhang M, Bai B Q, et al. Studies on adsorption
kinetics and thermodynamics of macroporous resin for
rosmarinic acid [J]. J Oleo Sci, 2021, 70(3): 439-451.
Jiang H, Li J, Chen L, et al. Adsorption and desorption of
chlorogenic acid by macroporous adsorbent resins during
extraction of Fucommia ulmoides leaves [J]. Ind Crops
Prod, 2020, 149: 112336.

FHEX, O, EWIK, 5. B85S IR AE R IR
YRR AR (7], (LR 544, 2023(3):
197-199.

Ahmad A, Othman I, Taher H, et al. Lactic acid recovery
from date pulp waste fermentation broth by ions exchange
resins [J]. Environ Technol Innov, 2021, 22: 101438.
R, GARAT, LT, . OBEARMNAHE IR AL
BURBIRAER (0] P ESR T FIFAE, 2011, 17(1):
113-116.

FHE, BRI, FBHUL. IIWRIYED AL S A DL S &
SE K AR TT (7). THKZ, 2006, 28(4): 552-554.
Tang W Z, Sun B S, Zhao Y Q. Preparative separation and
purification of rosmarinic acid from Perilla seed meal via

combined column chromatography [J]. J Chromatogr B

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

AHLER I U R R AL ()] &R AR SR,
2022, 43(5): 100-105.

AT, VPR, BEE, & pertEA RS M
WEFE [J]. 2541, 2024, 47(3): 610-614.

Liu P S, Wang L L, Li HF, et al. Two new organic acids
from Portulaca oleracea L. and their anti-inflammatory
and anticholinesterase activities [J]. Nat Prod Res, 2022,
36(17): 4401-4409.

R, T4EE, BROCW, 55 2 2 3L B K
PRAMIUENIE TR (7). 28, 2024, 47(5): 1147-
1152.

WAV, RS, B, & B S 2B 4
BE5EE [J]. WHZRLREZER, 2024, 41(5): 551-
556.

X, SEIRIR, MEFE, % AR RIS WR ()
FREZY, 2024, 55(9): 2875-2886.

AffEk, T, RSN, AN RSP [J].
JHALT, 2024, 51(9): 159-160.

FEE, AT, BR, & RERIERS R
0], BB 25 R E244R, 2024, 43(3): 104-109.

TG, PESER, FRREL, S XTSRS 14 B A
H5E (7). RBHZRIR 2254, 2024, 41(4): 417-423.
TREL, FORE, I, & AR RERA K
PG IT 7). HR B2, 2024, 55(6): 1890-1898.
KRR, THE, HE, & BRETFUERSHT ]
t 2kt 2024, 47(3): 604-609.

s, WEN, EFH, & PG 2 MFRA
Yy [7]. ThEZh, 2024, 55(6): 1899-1907.

BAASHE, ORI, #RERSE, . dbrMuRC A Ry B
o ) B R AR GE PEAE AT [J]. TR 2, 2024, 47(3):
624-628.

I, Ry EALEFERS R [J]. PR, 2023,
45(12): 3987-3994.

ZWN, EOG, M, S L RS iA R 4
B 5% [J]. hEhkt, 2024, 47(2): 348-351.

HIE T, ATEE, XIPE, 25 SREERLOM AL R
WEFE [J]. TRLZE, 2023, 45(12): 3980-3986.

Kostka T, Ostberg-Potthoff J J, Stérke J, ef al. Bioactive
phenolic compounds from lingonberry (Vaccinium Vitis-
L.):
fractionation and cellular
Antioxidants, 2022, 11(3): 467.
Zhang SN, Zheng Y L, Sun W T, et al. Customized anion-

exchange covalent organic frameworks for efficient

idaea Extraction, chemical characterization,

antioxidant activity [J].

extraction of natural products [J]. Sep Purif Technol, 2024,
342:127072.



FED 2025647 $56% H 8B Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

* 2967 »

(68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

Zhang D Y, Hu R Z, Zhang X Q, et al. Preparation of
modified cellulose microspheres and application of fast
enrichment of chlorogenic acid from mulberry leaf extract
[J]. J Mater Res Technol, 2021, 15: 911-923.

Himshweta, Verma N, Trehan N, er al. Molecularly
imprinted polymers in the analysis of chlorogenic acid: A
review [J]. Anal Biochem, 2024, 694: 115616.

Baydemir Pesint G, Cemek K, Zenger O, et al. Tannic acid
purification from pomegranate peel via tannic acid
imprinted particle-embedded cryogel column [J]. J
Chromatogr B Analyt Technol Biomed Life Sci, 2023,
1229: 123890.

XuJ L, Wang WN, Chen Y X, et al. Molecularly imprinted
polymer for solid-phase extraction of oleanolic acid from
Ligustrum lucidum fruit [J]. J Chromatogr Sci, 2025,
63(3): bmaf010.

Fu L L, Chen Q, Chen J T, er al. Magnetic carbon
nanotubes-molecularly imprinted polymer coupled with
HPLC for selective enrichment and determination of
ferulic acid in traditional Chinese medicine and biological
samples [J]. J Chromatogr B Analyt Technol Biomed Life
Sci, 2021, 1180: 122870.

Wang Y H, Yan L L, Zheng G Y. Magnetic molecularly
imprinted polymers with hydrophilic shells for the
selective enrichment and detection of rosmarinic acid in
aqueous extraction [J]. Plants, 2024, 14(1): 56.

Saad E M, El Gohary N A, Abdel-Halim M, et al.
Molecularly imprinted polymers for selective extraction of
rosmarinic acid from Rosmarinus officinalis L [J]. Food
Chem, 2021, 335: 127644.

Wang Y, Wu X D, Shao G S, et al. Novel molecularly
imprinted aerogels: Preparation, characterization, and
application in selective separation for oleanolic acid in
lingonberry [J]. Talanta, 2024, 266(Pt 1): 124983.

Xing R R, Xue T'Y, Ye P, ef al. pH-Responsive epitope-
imprinted magnetic nanoparticles for selective separation
and extraction of chlorogenic acid and caffeic acid in
traditional Chinese medicines [J]. Anal Methods, 2022,
14(47): 4931-4937.

Yang C C, Deng W, Li F, et al. Synthesis of a
pH/temperature  bi-response gallic acid magnetic
imprinted polymer for extracting natural product from
Galla chinensis [J]. J Chromatogr A, 2024, 1731:
465193.

Xiong H H, Fan Y, Mao X J, et al. Thermosensitive and
magnetic molecularly imprinted polymers for selective
recognition and extraction of aristolochic acid I [J]. Food
Chem, 2022, 372: 131250.

[79]

[80]

[81]

(82]

(83]

[84]

[85]

[86]

[87]

(88]

(89]

[90]

[91]

[92]

Bi Y, Dong J Y, Zhou Y J, et al. Application of membrane
separation  technology in the purification of
pharmaceutical components [J]. Prep Biochem Biotechnol,
2024, 54(9): 1107-1115.

Neagu E, Paun G, Albu C, et al. In vitro assessment of the
antidiabetic and anti-inflammatory potential of Artemisia
absinthium, Artemisia vulgaris and Trigonella foenum-
graecum extracts processed using membrane technologies
[J]. Molecules, 2023, 28(20): 7156.

S, LA, E4kE, . BT IE-28 A AR
HIH FER T & L2858 [J]. H 524, 2019, 50(6): 1323-
1327.

MRIESE, THEA, 52, % AW b mEss
J O AE A AT YRR DR AR T RS BRI AT (0], R
E 228 &, 2020, 45(3): 548-554.

R, P E, MR, . SRR S AL
AR 5B AL BT VA SRR ST (0],
M2, 2023, 45(6): 1960-1963.

WY, B, FEE, % AT R BEERIRER
TR T VRS VR DO P X S R R 4 T3 LU A B A AT
RREERUE (7], rE B2 KR, 2022, 38(5):
432-438.

RRNPR, RIBEEE, T80, 5. BT P R ROB s soR 1
H R A H S F PR Ai T 205 [J]. g,
2016, 47(23): 4173-4178.

EOKE, WREHIE, Kk, 5. SWAERBOIEIE T 20
b (0], TR E SRS A, 2010, 16(17): 12-14.
SR, Al RIS F IR 2 B Ak TZRT AT D]
HR: HPKK, 2020.

Wang X C, Huang X Y, Zhang F X, et al. Recent advances
in screening and separating active components from
natural products based on high-speed countercurrent
chromatography [J]. J Sep Sci, 2024, 47(24): e70051.
Yang K, Wang S B, Pei D, et al. Effective separation of
maslinic acid and oleanolic acid from olive pomace using
high-speed shear off-line coupled with high-speed
countercurrent chromatography and their antibacterial
activity test [J]. J Chromatogr B Analyt Technol Biomed
Life Sci, 2024, 1236: 124069.

Tan J Q, Li P C, Wang W L, et al. Separation of gallic acid
from Cornus officinalis and its interactions with corn
starch [J]. Int J Biol Macromol, 2022, 208: 390-399.
LiYJ, Jia Q Q, Zhang M, et al. Isolation of three glucaric
acids from Leonurus japonicus Houtt. by using high-speed
countercurrent chromatography combined with semi-
preparative high-performance liquid chromatography [J].
J Sep Sci, 2022, 45(13): 2140-2147.

Zhou Y F, Chen M X, Huo X Y, et al. Separation of



2968 »

FED 2025647 $56% H 8B Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 8

(93]

[94]

flavonoids and purification of chlorogenic acid from
bamboo leaves extraction residues by combination of
macroporous resin and high-speed counter-current
chromatography [J]. Molecules, 2023, 28(11): 4443.

Yang Y, Liu M H, Liu C, er al. Ellagic acid from
pomegranate peel: Consecutive countercurrent
chromatographic separation and antioxidant effect [J].
Biomed Chromatogr, 2023, 37(9): e5662.

Wang H, Shan H, Li H T. Preparative separation and
purification of liquiritin and glycyrrhizic acid from
Glycyrrhiza uralensis fisch by high-speed countercurrent
chromatography [J]. J Chromatogr Sci, 2020, 58(9): 823-

830.

[95]

[96]

[97]

sk, IREZE, 22, & alReIEEs B
TR Rk F IR AR [7]. & SR, 2020,
45(9): 196-202.
Liu Z C, Yang L, Xing R R, et al. Three phase dispersive
liquid-liquid microextraction (DLLME) based on reverse
micelles for the enrichment of Q-Markers of cinnamic
acids in traditional Chinese medicine [J]. Instrum Sci
Technol, 2021, 49(6): 671-684.
e N RILANE S22 3. AR IRATRIH 5 2030 450]
8 R i [EB/OL]. (2016-01-13) [2024-12-10]. http://
svideo.mfa.gov.cn/ziliao_674904/zt 674979/dnzt 674981/
qtzt/2030kexfzyc 686343/zw/201601/120160113 927998
7.shtm.

[Friesmit RERE]



