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SRR, RAL T R BRI AR SRR AB-8 RALB IR AR I B AT R (U B R R R, ol TS
i ERE pH = 6.0+ Jid 2.0 mL-min™', PEMEF 2 BEEGE BIKEN 70%, i 1.5 mL-min™', £ AB-8 KL AR 4> 54l
o), BEERE RN 3.46% YWEINE] 45.62%, $EET 13.18 fi5. FEMEREEF Sephadex LH-20 B (i1t — 4y 24k
RS2 2 ANSEEITF Gk, B HPLC. MREILIRNT, B Wi BRI ZEmy, 208555k 98.6%, 98.9%, ZEW
MRS R 17933 ngg's 60.77 ngg” (FFILE ).
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Separation and Purification of Flavonoids in Raspberry Leaves

YANG Yu, XU Ya-qin, YU Ze-yuan
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2. Department of Horticulture Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to purify the flavonoids extracted from Raspberry leaves, the static adsorption and
desorption behaviors of seven kinds of macroporous resins used for the separation of flavonoids were studied
respectively. Among them, the most suitable kind of macroporous resin was screened for the preliminary
purification of the flavonoids extracted from the Raspberry leaves, and its adsorption and desorption conditions
were optimized too. The results show that the AB-8 macroporous resin offers the best adsorption and desorption
behaviors for total flavonoids in the extractive of the Raspberry leaves. Using AB-6, the optimum purification
conditions are as follows: sample pH is 6, sample flow rate is 2.0 mL-min’, the elution used is alcohol with
concentration 70% and the eluting rate is 1.5 mL-min"'. After the AB-8 resin treatment, the total flavonoids
content in the product increases 13.18-fold from 3.46% to 45.62%; and then the silica gel separation and
Sephadex LH-20 gel chromatography were used to further purify the flavonoids obtained. Two flavonoid
aglycones monomers, quercetin and kaempferol, were obtained and the purities of them are 98.6% and 98.9%,
respectively, with HPLC and NMR analyses, and their contents in the Raspberry leaves are 179.33 ug-g™' and
60.77 pg-g”' (aglycone content), respectively.
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BFFPORIF R S P 0 1 | Bk R SR 52 0 o TR 0, L o i R S R AT A A2 8 A,
PaE b, R AR EER R SRS YRR S AT I — KB MR, W
DL B OB T AP e TR A R, 2 — 28 A B3 /R B2 A PR R R A S A A oy B, ol e
1) (kaempferol) FIlHfi 1 % (quercetin) H A7 B R (400" Pralib™, HroUIEEIhEE™, JFAEGLIE 56 T
AT R e AR BRI R I e B2 R B VR S A REREAT TR, (B
R Py TR 0353 B AR TT T RIE SR WARAE o PRI A SC LA SR VAR R ™ /N R B R i 1y 4y TRk, 05T
TR R S R 2> B AL T, DY A i P SIS AT A SR AR S

2 EES
2.1 KEMRENEE

BIAEE R BHZER A SR TR AR AR R 27 e 203k, el Js E AR, B s 4%

AR AT M M b B 205 A S e BT AR S B b 4l

AB-8. X-5. D-140. D-4006. S-8. NKA-9 1 D-130 KFLBAE(HG T K240 T) ) HEFR(200~300 H)
AR GF254(F5 it EAL T 7); Sephadex LH-20(1b 58 4 Wk WV FHG A FE AT BRA 7)o

T6 B 24y W43 e T A O Tl FAES R A ) AL104 HLF- 20 RSP G AR ) -5 2
nl); FDU-1100 AT EEHLCR S ERAL SRR U Ah) s X4 B0 o A0 Al e A (b I R AU 38
FRAF]); RSZ-100 BB WS ElG SRS H IR AR mofA (i (Agilent AF]); T
MESEHRAX (Bt Bruker 2 ).
22 WiEMH S EIRER R &

W R — K — LR BEE — B — CBHZHE Sl I (45 pumPE ) — 8 25-0:(6000 r-min™,
10 min)— 5 H IR 4 — 25 B8 1 /K R — A=
23 HiAE
23,1 BRI R SR I E Tk

K NaNO,-AI(NOs); e idkiilse U, LA T 9rdEdt, 23 3I7E 506 nm(I5E 9% ) A1 572 nm(Z L ik
KM@, Kl Ade PL A4 SHARUEROKRE Cmg-mL YT A3 5 FE: A4 = 0.6221C
—0.0002, R*=0.9996. 415 FE T SHRE S0 T &5 B
2.3.2 LRI RIAR R 25 I E T ik

A3 IR S5 B L 22 1(0.26 mg-mL )R 2 22(0.52 mg-mL )RR A FRAEIEM 5. 104 15, 20, 25 pL
NSO A, DUEREAR R (WD) A AR bR, WETT AR PAR AR, S S A Ry =
73.982x—12.493, R*=0.9987(1L1%3M}); y = 244.58x—37.815, R*= 0.9992(Hil Kz 25). I 5& kE Sb VAW I T AR,
AN 77 B H SR g v L 2 P R e 325
2.4 KILBAERYIFHIE
241 FRASR -

VERIPRELZ AL PR 7R IS R 24 T T I50.5 ), B 17100 mLE 28 = M rh, S350 s B 32
W 20.00 mL(1.5834 mg-mL™"), B THEAT, 25°C, 60 r-min '3 F 24 h, I BV T 4% b i WA
JZ, #a) T ER M. R EE 3 W, DU RIS E S DCEE . ) SRR 7 g b il
K% INA20.00 mL 70% CBEFH, TR AR ST R ARG AR 24 h, DI 5E AR S B IR 2, 44(2)
VAR A o AR W B 2 AR g R 3 o) LA R AL IR AT W20 0 32

Q = (Co— C) Vy/m (1
D(%)=Cyx100/ (Cy — C) ®)

b O WP, mgg™s Co MWRBRTARB S IR E, mg-mL™s C, AR B IS F60 42 9 b R
kg, mgmL™s Vo AIMARIFERAR, mLs m A TRRTE, g D MR Cq AR R
T IR, mgmL ',
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242 ERASR AR B ) ST

25°C, UEMMAREXCAIDHIE R 4 BB IRCH S T T4 0.5 g )AL ZE = A+, A 20.00
mL(1.5834 mg-mL ) EFFLELM, 45 10h A, B 0.2 mL-h™" I S o i &, 2 AN 1y 2k .
MR BHAAS, F 20.00 mL70% ¥ SIS, 5 FRTTEAER, ShlFSmms) e, i
P A W PR AN AR Bl )y 2 i, B e W0 Al A I S I LR A
2.5 AB-8KFLIMARIR M &8Ik
2.5.1  EFEW pH I

HERFR L FAL BRI AB-8 IR 24 T T8 0.5 g), BT 100 mL HZE=FMM+, 25C, MARH
pH HI S ETA R 20.00 mL(1.5834 mg-mL™"), B FHEKF, 60 rmin™ I 10 h, I 5E P& R4 5 2
WIE, AR, B LR pH.
252 LREBGIE A

TRALEREF 1K) AB-8 BHIECHH Y T T )lE 14 @)Wk B FiAT (220 mm=300 mm). JRAAEF(BV)FIH LS
W 40 mL A1 13 cmo 25°C, ¥ pH A 6, WK N1.5834 mg-mL ™ 1) EREM A R s Bk, 20 il
AU (R CEE 20 mL), W58 it P S SR P S R (I R R T R o A
ILEAE), DU H 20T ERERARRIE ], i etk ERERE
2.6 AB-8KFLIARREIR ZMRIMKIL
2.6.1 VR SREAR BE R 8

25°C, pH=6. WKJEN1.5834 mgmL ™ LR, #HIUE N 2.0 mLe-min™", FF0R B e 250 G HH T
TR O R I RV T T IR E 1R11/10), e PRV R L, 40 A 100 mLAN[H]
W FE IR Z A T VR, VeV 0 1.0 mLemin™", 052 Ve A T & B, TS mIOR, fie
S P I AR FE
2.6.2  VEBAIGH AE

25°C, pH=6. WJ¥ 41.5834 mg-mL ™' A, &HIAEA 2.0 mL-min™, FEURPHEME S, S6H
ZE KRR BT, T 70% 1 OB A RGBT Ve, 4 SRR T R (R S
mL), W U R P R S i, e R R R
27 HEEHGIER—S S BaLHMEN FEIRK S R

TEAfE [ S FE R B - A A, SR RS IR WD alifb g B S WA 3R, fHAE AL 25°C,
FRE R A TSN TP B A E AR (20 mm=x800 mm), FRAAFUBV)FIKCE 25 E 188 mL F1 60 cm,
JHEA7: FIE(100:0~ 80:20)B6 EEPEIE, Wi# A4 0.5 mL-min™', 4 50 mL WHE—f, WEE 20 4, 4Rk
Pe(4: 1S IE T BE-DKEE R - VAU T3, 1% AICL LSRN B, & 3 A RI415Y, el i 4
B, FEIFEAYT Be RKEAY T B TG NN ERRR(1:1), 76 70°C/K#4&AF F/KfE 2h 5,
BEWETF T Co X C #4T HPLC Z0HrFillE E A H 58,
2.8 Sephadex LH-208 iR &% 5 B & H TR AR

25°C, B CIAEITH 20% FIREKE B0 47 1) Sephadex LH-20 #EAE (P15 mm=400 mm),
RARFABV)FIKJE /> 5L 53 mL F1 30 em,  JH 509%~90% H RE S i EAT BB FE VR, Wi 4 1.0 mL-min ™',
Hah o Ve, B 5 mL W0, I 30 4. REIREEZ (i (9:1 (M & i-FREVE R IFF,
BRI, SR, RIS, T, HEREY LR 2 A
29 BEERETRARSEEFEHNE

SEAEY 1A 2 53 AT N E, HPLC 2081, RAH—E e &, RIaiE: NMR 78w 4564 .
2.10 HPLC #i&l

OIER A Agilent-1100 Cyg #5; WiEIAH N HEE:0.4% W8 = 55:45(v/v): WA 1.0 mL-min~'; F:IE N
20°C; A Ky 256 nm.
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3 ZERE5i3He F1 7 HRBEMIR ISR RERS IR M SRR 1T RE LR
s s Table 1 Comparison of physical and static adsorption-desorption properties of resins
3.1 HWBERITFIE

Resins Polarity BET Surface  Pore diameter ~ Adsorption amount Desorption

3.1.1 A ﬁj{}tﬁj‘ﬂ‘é‘%%’gﬂ& Ff area / m>-g ! /nm /mg-g”" ratio / %
AB-8 Low-polar 480~520 13~14 25.23+0.351 93.52+0.261

- B8 L £33

5%@ ]]& ri He LE‘ZBL X-5 Non-polar 500~600 29.0~30.0 24.05+0.435 85.71+0.513
7 %*i?L*}j—HEE@?{Su& [}ﬁiﬁﬁ@r D-130  Low-polar 450~550 8.0 24.28+0.221 92.11+0.915
‘ D-140 Non-polar 500~600 9.5 24.32+0.901 87.13+0.998
WA 25 R WK 1o D-4006 Non-polar  400~440 6.5-7.5 20.04+0.322 88.39:0.847
> BT = ) ThH e H: S-8 Polar 100~120 28.0~30.0 28.82+0.213 48.67+0.624
%EZ% %%E H’J*& @( jJ Hbj;) NKA-9 Polar 250~290 15.5~16.5 19.16+0.458 62.59+0.440

E:?ZWWW’@%‘EH‘JE%&%“S]D Initial concentration of flavonoids in adsorption solution: 1.5834 mg-mL™'; adsorption and

1

}‘A %% 1 yl , *&’l‘iﬂ 55 4:&/@ FI/J *XJ desorption temperature: 25°C; shake speed: 60 r-min™".
JIE S-8. AB-8 1 D-130 XJ #4552 R B B 0K, 3t RUR W e i s SR o & A ek, B9
Wk, S5 BA— e P I T s A T AR 45 S, WO, RS T, WRBRAE F JBR i)
PR DE MR R A, DRI B 52 5 K1) S-8 W IR 2 e/ o MBS IR L R THIAR L FLAR A2 [A) 45 1) 5%
LR P ERE, LERTABUE N, Rk B2 8K, W . AB-8 5 NKA-9 HUAR#E A Mtk R i,
{HEHT NKA-9 GERTHRE DN,  SEON B 4> . X-5. D-140 MRt T LLER TR, BN AR
PERIAG, AR — R B o ARG 45 YD $% AB-8, X-5, D-130, D-140 #4525 51150 ) %
B 5 A P i
3.1.2 AR LR i i A5 W8 B 5 e 3 g 2 Pk e B A

B L 1 2 WT LA, AB-8 B I 1 48 A W5 B figf MR e % o O B R AR B 3 0 2 iy, IRV BR 5
JEFEASTE B P4, AW 3 h BEAARIR SE 4 o AR RSB BN AR REE AR B, AB-8 B80S B 4 i 3
P 5 o R % b A A LA PR, UEHT AB-8 BRI I F] VB B R At B V-4 P 5 L RN R A . DR, T
AB-8 B JIF 73 B Al Al B 4 i v e B ) B A T

25.00 100
Tep 2450 80
=) s
g <
~ 2400 °
E 5 60
= =
g 23.50 g
= =40
2 2300 | 3
5 g 20
< 2250
<
22.00 1 1 1 1 1 1 1 1 L O . 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 012 3 45 6 7 8 91011
Time /h Time / h
BT SR 2 2 th 2k K2 s as 7)o ik
Fig.1 Kinetic curves of the static adsorption Fig.2 Kinetic curves of the static
. — . . 26
3.2 AB8 WifEHIT AU EM R R BT Z &40 T,
320 LR pH RSB R 3 Eomy
S LRV GO R B IR ML REr S WL 3. e 2|
3 L, BdE E N pH A 6.0 3X 2 T pH O A5 B =
SO EOR TS IR, SR TS A e 217'
A, ERIEAE U FREFA, FEMsTH < , L. . . . .
T 5 FEWR R S BCA R I P R R A, I TR £ 23 203 4 5 67 8 910
N s N NP H
T3 R B I ERE pH i% 6.0 AT P
322 LRHBHE PR M A A A

Fig.3 Effect of sample solution pH on the

RV B R R S L 4. T 4 R adsorption property of resin
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P A 1.0 mL-min~" AR A IR, ZE 130 mL B, 24 | Sample flow rate:
VRO 1.0 mLomin™ I, SR AUSSENT. RPN ¢ g | OLOMU™M
I, S S5 A A T ki TR S, A R LA B S 3 4 | A3.0mLmin’
NEAH, AR TR Jidit P, B Tk A S 3 BRI R

I R aa o0 0] = PR PN 1 /e .y Lo S 7l e A U P (E M TR T S L
SRR FERCR, AR R K. SRR e, RPN 2.0
mL-min~' K .

Leakage ratio / %
W
(=]

323 ()Hﬁ HEE %‘J/X\z E E/‘J ﬁﬁ % The volume of sample solution / mL
ANTFLHR B2 (10%~90% ) 1) £ T of 685 1k 5 3 I REL 2 vk el 4 L REHR AT TSR B i S

RS LI 5. il 5 aran, B OREAREERISE N, iR Fig4  Effect of sample flow rate on the

WAL, BT BN 0% A4 i 34 96.5% whorpon propery of s

P B LR R AR AN K o AR A ARV S5 B, AR LK SRS P VR DA, 70% L1
RIS A A vt ) e b T JUARC PR A 2 i R J B (AR R BB o TR, B4 70% L WE A DEME A o

0.70
100 ha’ Eluant flow rate:
g 0.60 [ .
X L = € 1.5 mL-min
~ %0 2 050 o
S S [0 1.0 mL-min
K 601 g 0.40 A A 0.5mL-min”
£ wk g 030 A
e 15
5 2 020
8 2r 2 010
0 1 1 1 1 d o L e
0 20 40 60 80 100 0 50 100 150 200
Elution concentration/ % Eluent volume /mL
IS 2R R S AR i i P 6 S5 0 AL T X I A R P e ) 5% )
= SR K € Y 3 Hi

Fig.6 Effect of eluant fl t th
Fig.5 Effect of ethanol concentration on the '8 cet o cluant How rate on the

. . desorption property of resin
desorption property of resin P property

3.2.4 VRIS EON AU IR ff W R 1) 56 i)

e JE 70T X B O A P R PR s DL 6. H PR 6 T AL, FH 70% 2B LA 1.5 mL-min™" (¥ 38055 HEA T UE M
W, YEMEEE T, JoHiE, DEMCSCRLE, 160 mL P Ak vl R A i R S s WA G Rk e MO 7
WA 1.5 mL-min™" 4 H .

TERfAE 1) AB-8 KA I S5 FE R B - A5 A, WOERARR, R4, T, MBI EDEY &
T B B A A AR 3.46% 15 45.62%
33 ERHeEsEArER

FRUE s S AR C 1 HPLC 20 #ran ¥ 7 Fros

VWDI1A, Wavelength= 256 nm(07020306.D) VWDI1A, Wavelength= 256 nm(07020409.D)
mAU; 7]
mAU; %
60 § &
w
50 80
40 60 1
30
40
20 [3o)
L2
10 20 % 2
0 T T T T T T T T T O
2 4 6 8 10 12 14 16 18min 0 2 4 6 8 10 12 14 16 18min
a. Standard mixture samples b. Sample C

Bl 7 bl it IR AR C I A i 1]

Fig.7 HPLC chromatograms of standard mixture samples and sample C
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M 7 A%, BRI R SR 2 AU IR MR IR 2 B 4k, A S /K R 5 2 45 S Rz ZE A 43
MYPIANEF TG, WA 2.3.2 T RITEAT MR SRR RIS 3 179,33 peg! s 60.77pgg
34 HEEETBENSERNFII NMR 574
3.4.1 ALAPURI2 )2l A

A 1 T ERIR K, mp: 319.2~320.7°Cs AW 2 A2 (O K, mp: 279.4~280.6C. LA
Y11 12 4 HPLC 23T (Rl K2 504 255 nm, 266 nm, Hog (il 4k [\ 2.10 1), S5 RRLEW 1
Dot e, AR 98.6%, G 2 iligEly, 4l 98.9%.
3.42 A1 R 2 1 TH-NMR 3 & 54t

A B B 3BT 45 B R . "H-NMR(300 MHZz,DMSO0-d6)8 ppm: 6.21 (s, 1H, H'), 6.43(s, 1H,
H?), 6.91(d, 1H, J=85Hz H?), 7.56(d, 1H, J=8.5Hz H*, 7.70(s, 1H, H’), 9.26(s, 1H, -OH),
9.31(s, 1H, -OH), 9.55(s, 1H, -OH), 10.75(s, 1H, -OH), 12.50 (s, 1H, -OH). #r&i %
WA S DI SAL A RS S B B ARE IR AR

& 2 B R T4 R . "H-NMR(300 MHz,DMSO-d6) & ppm: 6.21 (s, 1H, H'), 6.44(s,
1H, H?),6.93(d, 2H, J=8.7Hz H’. H*), 8.04 (d, 1H, J=8.7 Hz, H’. H®),9.31 (s, 1H, -OH ), 10.05(s,
IH, -OH),10.73(s, 1H, -OH), 12.47(s, 1H, -OH). Z#T4i REILEY 2 AL 2EAL R 51045 Wyhs
HEMEEAYIG

4 &

AB-8 KALW g o B8 AL B B i B S 0 (R AR R, LA Slifb 450l BRI pH 6, 33 2.0
mL-min™', VEBFIER: 70% LB, Vel AiE 1.5 mL-min™', EHALET, SIS 81 3.46%4%
=5 45.62%

PRI B WA P 2E AB-8 KL R R AN Sephadex LH-20 &EIR (04> B 4litb J, 45 211 3 i
H oMY R, 4 98.6%, LIZEY, 4HJE 98.9%, M & E 0k 179.33 ng-g (it %)~ 60.77
pgg (L.
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