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Purification of Melilotus officinalis by macroporous resins
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Abstract: Objective To investigate the optimum purification process of the active ingredients rutin, clovin, and coumarin in Melilotus
officinalis by macroporous resins. Methods The various types of resins were selected with purification of the active ingredients rutin,
clovin, and coumarin in M. officinalis as index. The parameters, such as sample loading maximum volume, sample loading velocity,
elution solvent concentration, and elution solvent volume of optimized resin were studied. Results HPD-300 type macroporous resin
was selected as the best type of resin for the purification of active ingredients in M. officinalis. The optimum purification conditions were
as following: the sample loading maximum volume was 2.4 g/g macroporous resin, sample loading velocity was 2.0 BV/h, and the sample
was eluted by water with 2 BV and 50% ethanol with 7 BV, respectively. Rutin, clovin and coumarin proportion promoted 7.8 times after
the purification HPD-300 by macroporous resin, and the yield was 85.38%. Conclusion HPD-300 macroporous resin is suitable for the
purification of rutin, clovin, and coumarin in M. officinalis with high stability and good repeatability.
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S R . FLEREERE . ARSI R3] SO0
PG HORBRIAT T O I, 45 R R R AR R
T BB R RN IR TR
I3 VAR B RAEST A E Ny, %Rk
I3 Be AR PR T 85 i DRI s 1) 2B A i R T 3
s, BRI A ARk, dERFIE W I RBIE T,
AL BIPUR I EEY, SR (TS clovin)
FIRERAT BT AIBT R  BORALE AR T, | fr
A5 IR ER B 2R Ay T R IR AT e ok
2. WA R G BIR S EIRIR AT
BITRAE . FRIKIRSE R . 2, TT R
ARSI DA A R R A T 2GR o) By 2R A
T fabs, WHEACEARIATAML T 2050, 1t
ERAU IR TE R AR =i o g alid b N AR, A2
FEII B P AT RO 1) — FiAT RO . A sz
T I B AR R R P 2Ry IR IR 4l 1 2
RSH, 9 PUa RFUW IR TE 240 s AL RR SR v 2573
TP T T iR S 2
1 XES5HH

UV 6000LP HPLC /& 20 AH (L it A R4 1
K EANAR B A H AT, AB204—N HF TR
7> (Mettler Toledo), #E A VEAN CHUARE 5 BT 2%
HIRAFD, HeERRA CEE AR AR SE
BRATD, BESOIEAE (20 emX 1.2 cm, KK
I, 4xth CHA—S SR e (1954
FRTTEETT 80, 116 FRAE SN PI%E il rh 2 p e
ML Gt 2 ik DI 29U PR A 7)), PTHW ZYrg
HE (P TR ERITEA D

KA IR NKA-9. AB-8. D-101 CRIEFEFFIFA
24pT.)7), HPD-300. HPD-400 (3t /H52 U B 47
BIRHEABR A . BAERORRIE B N5, SR
U R R ZERIE I DA 4 5 o SRR B R
JR Melilotus officinalis (L.) Pall.[f) 4 355, 7
TG (65 100080-200707,  Hy A E £ G 24
RoE s bideft, B n%>98.0%); 7 5 X
i ({5 JOT-10155, DY )IAE 4 e A7 AR A
B TR, e 40 50>98%); clovin Xf I ik [
i, il R EAL, RS EN 98%LU
by AChAEK, FEE. R aakal, HAbR
Sl TR
2 AEEER
2.1 EHEEAREDRKSBINE
211 (AiEAES RGEM Y GG A Ultimate

XB-Cis (04 (250 mm X 4.6 mm, 5 pm); shAH
HOHE (A) - 05%LFRK (B), FEIEVEN, 0~25
min, 10% A, 25~50 min, 14% A, 50~60 min,
12% A, 60~90 min, 10% A, 90 min LLJ5, 8% A;
FEIR 30 C; AR E 1.0 mL/min; K 254
nm; HEFEE 10 pL.

2.1.2 RN a0 T S clovin, A
EN R S, E 25 mL SO, R A
BCAIR S T clovin, B 2 IR 43k 0.291 2,
0.170 8. 0.409 6 mg/mL [FI¥A X RS, $25,
#H

2.1.3 PRSI A PRI AR R R 25 6 R
K G40 HIFD 1 g, BHIEHEIMF, KEmA
70% F I 50 mL, FRE i, @A AREE 30 min, K
RN, FRE R, I 70% F A 2 5K )
TR, FEA), ERE, ENSRIEM, HPfS.

2,14 MERRFL I B W AR B
7.5. 5.0, 2.5, 1.2, 0.6 mL & 10 mL &, InH
MERZNRE, FEAT, T AN [F) I F (R TRA0 J]
AR . HE DL BRI TN E . DUTTE IR
MEARKR, WA M AR, SEAT SR,
B R, T Y=8489 359.35 X437 079.66,
r=0.999 9; clovin: Y=7 266 549.48 X426 611.05,
r=0.9999; FE 2. Y=12824543.77 X+25 4943,
r=0.999 7. ZERKWETLE 0.175 0~~2912 0
mg/mL, clovin 7E 0.102 0~1.708 0 mg/mL, 7. %
7F 0.246 0~4.096 0 mg/mL % & B IFIRIZIERX R,
2,15 WPEEAE RS IREOR G W 10
ul, $% UL B ESLERE 6 Ik, W A A3 1)
WA, 25T L clovin M 5 IR A RSD
350 1.12% 0.62%- 1.31%.

2.1.6 EEMHRE BEHEREARRAMR AR (0 40
Hi) £11.0g, “PATHE 6 1, Hil 2 Ak 5l i
HEFE & e T AR, VAR 3 PGS 1 ot 2046
SEREIRPTT clovin A G2 i 40 501 RSD 8
I3 2.58%. 1.23%. 0.62%.

2.1.7 FETERREE  REE L SR R AR K
P 10 pL, ZIJECE, 75 0. 24 4. 8. 12,
24 h BEFE T, W A, SRS T
clovin. & & 2 Fl 2 W i AL ATE RSD {H 23 i A
2.66%-+ 3.44%. 1.25%. 1.80%. Z5FEW], L4
VRURAE S5 5 B CE 24 h IR e M AT

2.1.8  INFEMIMGREG PRI f6 R B 25 AR K
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(i 40 HF 0.25 g, 43 il I IE & 1R VR 0 FE IS
LU I E P WY oo A 174 Wl iy SN 7 3 1 e o =
[, Z5HT, clovin M & & RIWCE 510
101.19%. 98.13%. 99.43%, RSD {H/3 54 1.16%-
1.50%- 1.62%.

2.1.9  FAERORER M TP RbR O BINE PRI
THARRAMI AR G40 HF) 1 g, HI&AER0
W HORA X OIS =, EFEIE . 45 R
BRI ARG E, T M clovin 1)f &5
AN 0.29%. 0.23%. 0.18%. (Al &I LI 1.

A
! 3
2
n Am A
B
1 3
2
N VWA
0 1'3 2I6 ?;9 52I 6I5 7I8 9I1

t /min
1-A47T 2-clovin 3-FE %
l-rutin  2-clovin 3-coumarin
1 B (A) MELEARRE (B) /) HPLC Ei%
Fig. 1 HPLC chromatograms of reference substance (A)
and M. officinalis sample (B)

22 EHREOHE

FREUGE AL SR BB 2544 20 g, FrkE, o 10 HH,
1 70% Z BRI HE 1 15 [ 2 ¥k, BHK
1h, Y8, G IF 08, W48 B TCIEVR, 2 7% 250 mL
T, %A
23 WIREEBRTF R LR
231 KAWL E. B D101, NKA-9 KL
PIRIE &, FEANTAA Y TH AR 0.4~0.5 518
] RIS B A e, AT T R JZE 0.3 em, RIE
24 h. H2 BV AEILL 2 BV/h B ARE, PEai
HBEIKAS B Tl RIS AR RKSE, PR
2 BV 5% RIS LA 4 BV/h il W ARJZ, JFE
4 h, FSEFEPUREKEZRTE, 7K 2 BV 2%E5A
A LA 4 BV/h GBI )E, JFRIE 4 h, A%
R SRR e R T, 4 M . L HPD-300. HPD-400.
AB-8 RALWEH 95% i 24 h, FE7e i wihik

Ja, AmKsEE T, KA.
232 HASWM - AORLS SRR B L)
S5FRIES 1 g IEAURIGR K5y, BT 100 mL
HIEHERI T, IAMN T 4 g AAENEIEEA
BRERIGH, TR IR 4 HIRE 24 h, #RE,
W EVEW, I 0.45 pm GUALUEME, IS AR R o3 (1)
SRR, 1A ERS AR 2 R e 4
PRSI UE I 5 FH 2 B8 1 /K ukigk 2 I, WM
KKy, 43I 50 mL 70% 82, &S
WG4 T IRTE 24 h, #E, I EIEW, o 0.45 um
TUFLIEMRE, I A AR AR Lo I TR B, T
SRS R R R, 45 R ILZK 1. v WL HPD-300
AU AT B AL R A R FR o 187 PR IR B 6 0 g
RIAART B A, Rk HPD-300 K FLB AR 1 A4l
A B A FR B 245 3008 TR B A R S 2

Wt ie= (Co—Cy) VYW

W= (Co—Cy) / CyX100%

fER = C, Vo W

BB ZE=[Cy/ (Co—Cp) 1X100%

Co FIRZTHBIARBR AT TR, Cy h i AW B i
FERR BT I TR IR, Co AR P Fi b B3 [ IR E R T
Vi AHHBAARL, v R, W R IR

R1 5 FARFLAEERZS IR B FNRROR 14 BE LLAL
Table 1 Adsorption-desorption capacity of five types of

macroporous resins
WHERAY AL&Y WM &/ W fE, R
(mgg") F/% (mggh) F/%

D-101 =Nl 3.259  46.57 2.130 65.36
clovin 1.775 3142 1.380 77.75
HFHOHE 8.065 80.41 7.230 89.65
HPD-300 /] 5.855 8276 3.365 91.20

clovin 4345 7690 2380  99.66
FEE 9055 9028 8845  97.96
HPD-400 %] 4380 6191 3890 888l
clovin 2.840 5027 2810  99.12
HEFE 7805 7782 7790  99.87
AB-8 AT 4650 6572 3335 7172
clovin 3385 5991 2260  66.77
FEHE 7675 8410 8170  97.39
NKA-9 AT 1.345  19.01  0.505  37.54
clovin 5240 4830 0235  56.63
FEE 7610 7592 8170  98.33
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2.4 HPD-300 XFLWEHI4E{k TEZ X5
241 A EFREMFEE KERI 2 g TALHE LT
(1) HPD-300 /i (P84 2R MIK ), Wikdke
K, BORAERORBRERIGH, UL 2 BV/h BRI, f%
PR AR URC AR, 1 0.45 pm FAFLIENE, il
S 3 ML AR R, Sl ih gk, 45
R 2. AT WLATLARY B H ) IR AR,
M EAEEINE 8 BV I, 3 Bl 384G B
s FF HBE T B3, 7T 0 clovin G,
439 20 BV Fl 24 BV il 5¢ 4, XAl GEE T2
TR clovin ¥ J& T 9l E 28 o, PERARAL, A
GEARR TR clovin,  FLAEW PR e FE0 B A
YR, Hottiwmggte, 3T 36 BV it a. AR
RS B R e/, BOERER TR I EFE SR 2.4 ¢
A= 2/g MR

MR = (Co—C3) /CyX100%

Cs BN I Fa b5 B 1R T sk B

T
—a clovin

0 6 12 18 24 30 36
EFEEBYBY
2 HPD-300 HBERMEAREH 3 # S BRI
Fig. 2 Leakage curves of three components in M. officinalis
adsorbed by HPD-300 resin

242 FFHARBRENFES RIS O ik
UF ) HPD-300 BfIE (U4t L HRIHK ) 2 g,
TVESERE, A T 4.8 g AE 25 R B R R IR LA
0.5. 1.0~ 1.5, 2.0, 2.5 BV/h A[RIFARR & _FFE,
W B 5 (st 0.45 pm fFLIERE, e L 3 A
WA R EE, THE R Z AP R 2, 45
R 2,

IR/ =8 /N2 % I e ez [
80.30%-+ 81.02%-+ 81.59%- 79.92%. 76.24%. {AF!
WAL 1~2 BV/h I, PRI RS BT, 4k
LR AE 2~2.5 BV/h I, IR R R e,
U A AT g 2 AR BRI, SO B I fil
(R TR B, ARITF T L clovin R 2 MR
THCEIB IR 9, TSI BN R T . ZRE I Tikde
REARI RS 2 BV/h,

F2  EHERORFRIRE X IR MR B R0

Table 2 Effect of sample volume flow on adsorption rate

LENARTH R B /% S
H/BV T clovin HFOE B #/%
0.5 78.04 71.92 90.93 80.30
1.0 79.28 73.67 90.11 81.02
1.5 76.22 70.17 98.37 81.59
2.0 78.24 72.28 89.25 79.92
2.5 77.13 71.19 80.40 76.24
243 VEBE R HON R SCR 5 52 RS

FRELHPD-300 KALA 2 g, ¥BV0efE, $GAH4 T
4.8 g FLEMEARBHPUELL 2 BV/h EFEI,
R B S, SEH 2 BV BB FRMER24m, AR
JaLL 4 BV ] 10%. 30%-. 50%. 70%EEHE L 2
BV/h BEEEDENE, 2 mL AR, WedEvel
W, 1L 0.45 pm BEFLIEME, e S 3 MRS
SRR, el AN VE R BE 5 KA = B 2
R sk, R 3. w3 FL A IATE 10%
LEERTFAETENE, 75T 1 clovin 7E 30% £ 43k
Mioeds, FGENETLE 50% 70% LB BT
TE o D PRAIE 2528088 2 5 K A B s R A AR
PRI, PR 50% LI B N A B

77 T

6 —=— clovin
005 —a— éE%
£4
I
8
&

1 L

0 = = &
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30
LIERRA B %

3 B CEERFR S ES R E RS20

Fig. 3 Effect of different ethanol concentration on desorption
2.4.4 HPD-300 W AR ShAMEIALS: K5 EFEIET
fii7 ¥ HPD-300 #JI5E LA 2 BV 223 FKUE 2245,
SRJEHI 50% ZEEHHR LD 2 BV/h A TUE, 4 mL
AN AR, BCERVERR, VERRGE 0.45 pm T
FLIEMEIM & Forb 3 FAL S WU BURIREE, 2 hil3has
R, SR 4. T 50% SRERIBEN ik
WM tE, JEHIBAERINS, B2 N, oR
FT clovin Ry S5 AR T BB KA, 56 7
BN, OB R SRR O AR e 4. DRI,
PEHL 7BV (28 mL) Ay HEDE BB 4
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Fig. 4 Dynamic adsorption curves on HPD-300 resin
2.5 BRI

Fr CARIE R B fE T2 4% HPD-300 M/l 1H) I
FfiE 2.4 g E2i/g W, EREAFURE 2 BV/A, 1K
KA 2 BV KFT 7 BV 50% LD, 3547 3 ICPAT
W, WCEETEN, Wi, oE s, 1HE 3
FhAk AP ot B oy BRI R (R = Pl b 4
J 53 B S B B S R AR L B D . 4
53 FhgEbR O RSB B R S H0h 4.54%
22 HPD-300 KLU B8 g 44 5 48 b Jli o0 1R 5T 1
SER 35.75%; WORHK 85.38%. AT LR KA
BB B B Al B B A SR v TR 24 2808 5 (1) T v
AIEREAT R ORI, T AR B A 1) 4y B Al
SRS, AR A B E AR BRI MDA AR 7 4
HEIRS%
3 g

PG B2l 5 75 SR R OB, R Ab PR
PG PR AR KRR R KR I BT R 2k ot I s
eSS A L =2 NP A NEL I E NN R T [ et
AR R AL AT R, WO FH R B T
HATIR . Bl BERUKIIAEEE,  JFAE AL HE )i 2 ook
Wl 7e sk, BTl

R AN A R /N R 2% ) 5 A e 55 i LW B 1 i 1)
BN, AFESEBP LI G W B AN
A LA A0 B T 00 LB 5 B IR P 308 1T 4 T
B, DRI IR AL REAR AN LR AR 30 25 52
Mg 1% I T B PE RE - HPD-300 K FLA HiE Ay JER %
Y, kifeky 0.3~1.2 mm, EEEMR A 800~870
m¥/g, “FEFLAENR 5.0~5.5nm, VEBERE R,
BE XA G T 75 ZE A FR AR 73 7 T clovin Al
FHEFEM 5, HPD-300 M IGFIH & 28 T-AE )

Jii, BT R clovin J& T35 M, HSEg4h Rk
W], HPD-300 #4 IEXT 3 Bl e o 1) - 1) W B 2
RN 2R AT 7 WO 52 HPD-300 K AL g 75 hy 3%
TE A R R 25308 o R AR 2l T

AR S IE I KL IR SliAb T 2% %%, #fie
THEBAEA TS WlE B 2.4 ¢ 2E25/g MR,
AR R 2.0 BV/h, 2 BV KUERERZ4E 7 BV
50% L BEDE I o 256 75 BN H AL R R B RS
[ 220 (1) 1 o3 AT 24N, — B AR T T 2 22 5,
WU S0 5 AT 455 W S VP, DA O 3
IR AT B KRR AR A . fEUR A A TS
clovin, 5 % RS EEETH T 7.8 fi5, PRI H
85.38%. HHMLIT LA, R FH AL BB 2 20 25
AL A R B T R 2 R8T AR AT AT . E
SRR AT

S 3k
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