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Separation and enrichment of geniposidic acid from leaves of Eucommia ulmoides
by aqueous two-phase flotation
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Abstract: Objective Ethanol/NaH,PO, aqueous two-phase gas solvent sublation coupled with response surface methodology was
developed for the separation/enrichment and analysis of geniposidic acid from the leaves of Eucommia ulmoides. Methods For the
aqueous two-phase flotation project, the flotation effects of different solvent, salts, flotation rate, flotation time, amount of crude extract
and so on were deeply investigated; Furthermore, a Box-Behnken central composite test design was studied to determine the best
flotation process conditions of GPA, and three factors including the mass fraction of NaH,PQO,, the mass fraction of ethanol, and the
flotation rate were selected based on the single factor test in the design. A 100 times scale-up experiment also was tested. Results The
optimal conditions of the flotation were as follows: the mass fraction of NaH,PO4 was 25%, the mass fraction of ethanol was 20%, the
amount of crude extract was 5 g, the flotation rate was 30 mL/min, and the flotation time was 20 min. Under the optimal condition, the
flotation efficiency was 97.88%, and the enrichment factor was 27.34; The 100 times scale-up results showed that the flotation
efficiency of GPA was 95.60%, and the RSD value was 0.77%. Conclusion The method with ethanol/NaH,PO, aqueous two-phase
gas solvent sublation is suitable for the separation and enrichment of the active ingredients from E. u/moides because of its high
distribution coefficient and large enrichment factor.
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ML, Wk T (P EZ5H) 2005 SERAT 2010 “EAR.
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SEAFE (geniposidic acid, GPA) A ARZE IIER A% Bk
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R B, A A € 0 DA R ) 6 v R i A T 43
B aipB,

BUKAH T FNER LA TS AR UK AH AL HUEC
SIFRFNFIE R ARIE R L, R R I —Fh 45
Y B E AR BOR, LA T BUKA AR R 7
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TR AR 22 HHR KR B SR P e /N o3 1SR K L
WAIRTCHLER A%, b MG, A
R X Hbs AT . HVR ik fE 2 2 A R
i, FIEARRE S, WS WL [E 3 Mk RIED),
TERT-M [ -98 2 - 22 A0 TR, AKEE S TR
s, BB EENEK. TER, AL
Z MR a2 B E AR T TS N,
Har g U0 Feop B SR R
R st s Y, 7 (0 UK R 1A R
t, DLSRZK N F AL IS T ER PL— & o
TR TERRKAIA R, BA RS ARG A
R PE DL BT ESEO0 A, 85 T R s
B O, R, ISR A, N
Z B, AR T 201 /NaHLPO, MUK HI ST 1
TR, ML GPA #4745 25 & 4R 10T
F, FHHRTIENERMPRS HE. VAR
AR, ARG E TR ALk
I ARSI 45, e R ZR g kAl b, 3k
¥ NaH,PO, Jit B0 3. LEEARFI SR 2 AR
HONSHG N #, R Box-Behnken AH/0h2H A5 B itk
ITRALSESS, e p e PR RRTFE T E, JF
BEAT 100 5 IBRHIEST o ASHIFST by At Arh e e B0 475 Tk s
RIS 3 B AL T — M Rop ik
1 XES5HH

GZX-9146-MBE £ i 55 X124, by s
MV ATBR 2 A BT 345 s LC-20A B0 A (it Ay,

HARH AT ; LZB-3WB B i el wM
M TACERAR AT ; AEG-220 B Jj5r 2 — KR
7, HZ Shimaazu A #); EASY1S5 4K, 75
WA ETT B R R AR B H7ERE,
BFRAEE . G, WETR G4 b gEskE. ft
PP RAE T35 B R F IR K T X S St 48 3%
K2 AT AR 5 03 %8 52 g AL AR A S HE 4 At
Eucommia ulmoides Oliv. W e I, M
(L5 111828-201001), Jiit 73 40=98%, I HA
HeAnal Tk k&
2 HiE54R
2.1 Rt AER R A §I &

FREX 25.00 g T AL AT GRN 80 CHEFF
M 20 TREEREH S, A 80%ZEE 500 mL,
80 ClHlyHEHL 2 h, &L, WURRYE, #1250 mL
SOOI 25 B T K e AR I &, SRR AT B O AR B
(BRZAEEY O A R FAT AL (HPLC 4397
GPA ik 2414 0.3 mg/mL).
2.2 WUKHEIFELE

HERRRE — 2 DU L, H—E R & 3
TKHS g FEAPIRHERIBOEAT IR, 0 NTFIEAE,
I8 BT oK SBE, AFXUKAA R S BT A 20
g CEAABENUH, TAIKAD, MIFZEAE T b
N BB R AR, g BN s, 451k
A WG TR IEAE R VRO R N %1 BE 25 mL A
FE, FRAMEEYS o 2 M, HAHHEW, b R
AR G, ddsk by AR, B
UL 1.00 mL FAHA R S TR FRIL, TR
H 50 CHET 2 hs HETFJE, H 50% BRI OR i
BT 5mL &I, i 0.45 um HHLRIEN,
BEAT HPLC AU RIS BT 0.45 pm 7
MLARJERE, 34T HPLC Kl
23 GHEBIEEH

A A Agilent TC Cig £ (250 mm X 4.6 mm,
5um), VSN FEE-0.1%M R KT (23 77D,
PR 1.0 mL/min; A3 35 °C, 3K 240
nm, HEREE 20 pL!S, @k LA 1.
2.4 GPA tREZRIL T

K% FREL GPA XM 5 22.8 mg, FH F R I O
ERAR SmL s, FLR 4.560 mg/mL 1) GPA X}
MO, RABRFREE, I — e AR
REB, I 50% F 2 282 5 mL =i, Aic i i GPA
IR0 16.8 42.00 70.0. 175.1. 437.8.
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Fig. 1 HPLC analysis of samples obtained from various

extraction steps

729.6 pg/mL Xt FE R o DU IR B A R AR BR (XD,
U T AR B I AR KR (YD 2ty dh £k, 1510
5 Y=30 975 X—30 884, #=0.999 9,
JuH 16.8~729.6 pg/mL. [FAIFFEL 70 pg/mL (¥ GPA
X SR, 4 “2.37 TR G A, LR
6 X, BEAT HPLC R, 459 %Wos GPA R B IS [] 1)
RSD 4 0.43%, WA RSD 24 0.42%.
2.5 FEMEMITE

BHEME (0 =c/C, M (R) =V/V, F
WA (E) =(1—C/C)"™ ", Hrb ¢y Wikt
KA e P B TR, C TR Ik I KA g
Je VIR R IRE, C, VFE G AR U8 P R
IR, vV ONTFIE R KAARR, v, ohiRiE s B
N
2.6 MUKHEFEKHMA
2.6.1 SEAKANLEF TR LR Wit R
FUBFI I, BRE AN, R ML
2 OWE. IEEE 5 A BE/NaH,PO4 XUKAH A R AH
BP0, P 2 WA, A HLE RIS MG IE >
S>> 2P, 3 BRI EAT B A AR O,
M 1E A i /NaH PO, BUZKAH 14 28 e I HE A X 452 5 1)
SIANEEL GPA J& T KV, S Tt s
I, LEK SRR T FHE . SRS A LA,
i F (58K WU AR S £ > 1E N > 57

REfg HILIE B IIEAS MR, E w, Hi# GPA g
TRUASKIIN) o BT IH AR S 56 16 B WA S 40 A WL
THLER TG E S, %58 T KiPOss K,HPO,.
KH,PO4. NaH,PO4. (NH4),SO4. NaCl 6 FicHlLih
I ARG DL, S5 RKW], ZEEAGER NaCl #ilE
WXUKAE R, 76 LFE/K PO, LEE/KHPOy 4o
f/KH,PO, L EE/NaH,PO, F1 ZEE/(NH,),S04 55 5
FOSUKAHAE R T, 2 AHEE ) S 52 (NH4)2SO4,
A% 76 35 /0 1) 30 R0 1 FH £ 1) T AR 52 (1) UK A A4
R, AH (NHa),SO, ¥ fiff B2 B FE 2 LUK, %)
Frit Ak, o AHASE I TR Bk KsPOs 1 KoHPO,
BRI E A FREE K, HJE TabEER,
T GPA TElE A FATE . Bk, SEUFIE
JEAEAR R I AR S7KAH T R IAS tH GPA, Ji AAS
WEEENIFIEA R . KHPO, AT NaH,PO, 7 A1 E
BN K3PO4 A1 KoHPO,, (& TR 1R, GPA 1E
P, SRR, KILEE/KH,PO,
LIE/NaH,PO, X GPA VRIS 4, Hi T
KH,PO, 757K W I il B3/ (20 °C, 226 mg/mL),
&3P L E/NaH,PO, XUK A &Rl et Ak & 4y
25 4 GPA.
2.6.2 NaH,PO, MM NaH,PO, [f 5T 73
BAE 20% 25%- 30%- 35%I, oAz “2.27 1
FOFEEAT, SR 3. 45BN, HiFE NaH,PO,
HEAKIIIAN, GPAE Fl o #Z#HTHEA; FlIAK
—IW SR, E R o #EEETEN, TR B NaH,PO,
FERIMN, BETAR AN 38 R SR 2 1) 5
A RS — MRS T 58 5 UK 711
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Fig. 3 Effect of mass fraction of salt on flotation

R, AR S A VLR KA RE ) FTCHLER I
ERMTRE UM, Bl NaH,PO, FH & 134 N, 7K
FHHT NaH,PO4 1T LLLE b AH &P 71 40 35 B 22 17K
O Fs FAHPRRER,  FAHARR RN, R FREkh
WL FAER TR, E Ao 7 NaH,PO, T 4351
9 25%IN A B 5 K. (H T GPA & 5a i, 5
W RKEH, SR80 N NaH,PO, (I H I, /K
FHH NaH,PO, HIFHHE K, 330 GPA B4 &4 TK
., E R o BEI%.

2,63 CEEIMAEREN  Jo/K SEEARF A
15%- 20%- 25%- 30%M, JAthiz “2.27 Wi Ry
EIAT, SR WK 4. 45 EIR: GPA E Fl o #iiE
Wit BARE IS S, E R o #OEHIEN,
I R i NaH,PO4 I, iR BiAT £ 1 i
Wahn, ZEESy AT LB NaH PO, 4025 B 2 (7K 45
43 FART KRR, AR, R FEEH K,
E M o 7F LEEAFR BN 20% A Bl ks 244kt
HnC R R, AP SR CRERIG R, E M

30, 40, 50 mL/min I, A4z “2.27 BT 7kt
17, @R 5. B D TERR RN R, EMa
# IR IR AR S, 30, 50 mL/min FCREAL T 20.
40 mL/min, R WIAH . ARk, B8RSSR
BEAH R THRESWE S GPA 7) T IIfE Sl
B, 340 E; 47 AR E R 40 mL/min I, S
TR I A3 2R AR e AR I o, (7S
GPA SR [IZKAH, [R5 2 A Bk R b i
TERE SR A D R B AT, AT IR AR
1) GPA 7r FARHEAN EAH; U2 BAEN 50
mL/min B}, FAFEMH T L. FAHE SR A L —
A, BERT GPA 5 AL ) 0042 frk R A2 Ak
[H], FTLl E fwk.
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Fig. 4 Effect of mass fraction of ethanol on flotation
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2.6.6 FLAPHHASE I I ARSI
WA 1L 3. 5. 7. 9 g, HoAthdk “2.27 LR 7kt
AT o 45 FRWPNUKARTF IE S5 AT KA GPA I i
WAL RO AN K, MOE AT RS 0
ANEH 5 go
2.7 NG N7 AL SR T

H T SRR SRR R L B
£ GPA I T 24, 42 R 35 2 IR J& AP AR AC FLAR
1, HR34k Box-Behnken SEH i 11 R B, A5 FRIA 255K
LRl b, BT NaH,PO, JFTE 404 (A). ZFEfk
B (B). BAMBRE (C) AR, E N
AR, LT 17 A5 i, RN Rl 3 K
AT 5 AT e . 1 T2 BT LA E GPA [ B ik 4%
5 SEBG 2 HE R S5 45 R WK 1. K Design-Expert
8.05b FRAFXT R 1 IR E s EAT 91 VA 37, T 25 53 A
WA 2, EIEAE B FEIAT R, BERE E
55 AR Y=9547+1.72 A+2.13
B+0.074 C—1.15 AB+0.54 AC+0.71 BC—0.53

A*—0.86 B°—0.25 C7,

MK 2 ATLLEH, BEEHAE) F=9.55. P=
0.003 5<<0.05, R HIZAE AL XK AN SR A1) 1%
TR, BAE R R=0.9247, BRA
$ CV=0.98%, BIREERI Ry’ =0.8279, K]
Holls SR BN, SR AT, SR URERD,
BORAICRE BIF. Ay B WRE T2 B3 %m,
LHTH A S B ERWEE. KX E
WA SR 35 o S DR 2 ()R8 EAE FH V) 3D g 1. 1y AL
Kl 7,

#k4 Box-Behnken SEEG T4, FIfH RSM
WF9E & AN E 2 %) GPA E (50, Wil 5 GPA
{1 B D017 3 52 96 45 1 9 NaH PO, 1 5 i 40 B0k
28%, LEEMAARI BN 22.92%, ZF SRR E N
40 mL/min, E 5 K{HA 97.85%

2.8 IOUESRIE

N B ZA T A R, BRSSP O, BT

AT SRR BUE IE 0 23%, 7%E$E NaH,PO,

%1 Box-Behnken RIg I RER
Table 1 Design and results of Box-Behnken test design

SEH S A% B/% C/(mL-min ") El% SEIGS A% B/% C/(mL-min™") El%
1 28(1)  20(0) 20 (-1) 96.146 9 10 25(0)  23(1) 20 (-1) 94.729 2
2 250)  23(1) 40 (1) 97.334 1 11 22(-1)  20(0) 20 (-1) 94.124 6
3 25 (0) 17 (-1) 20 (-1) 92.8212 12 25(0)  20(0) 30 (0) 96.304 2
4 2(-1) 171 30 (0) 88.445 4 13 25(0)  20(0) 30 (0) 95.781 3
5 28(1)  23(1) 30 (0) 97.400 3 14 25(0)  20(0) 30 (0) 94.407 5
6 28(1)  20(0) 40 (1) 96.346 2 15 22(-1)  20(0) 40 (1) 92.159 6
7 25(0)  20(0) 30 (0) 95.362 8 16 28 (1) 17 (-1) 30 (0) 94.525 4
8 25(0)  20(0) 30 (0) 95513 1 17 22(-1)  23(1) 30 (0) 95.937 1
9 25 (0) 17 (-1) 40 (1) 925710
%2 [EEAFRERZZHMHEE
Table 2 Significance test of regression equation
e Ryl B F1H P1H B QE| ST H F1H P1H
ki) 73.51 9 9.55 0.003 5 A? 1.20 1 1.40 02754
A 23.64 1 27.64 0.001 2 B’ 3.14 1 3.67 0.096 9
B 36.29 1 42.43 0.000 3 c? 0.26 1 0.30 0.601 7
C 0.04 1 0.05 0.828 3 W2 5.99 7
AB 5.33 1 6.23 0.0412 AU 4.05 3 2.79 0.173 3
AC 1.17 1 1.37 0.280 2 gl %= 1.93 4
BC 2.04 1 2.38 0.166 6 BRI 79.49 16

P<0.001 Wk #: P<0.05 9%+
P <0.001 is highly significant; P < 0.05 is significant
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Fig. 7 Effect of interaction on flotation efficiency of GPA

(iR BN 28%, LBREMRRUN N 23%, K
AR} 40 mL/min, JIA S g BLEE, V7% 20
min. %M “2.27 WUNEAEIET 5 IRIGIESES:, &5
RS WK E 4354 97.88%- 97.71%- 97.91%
98.04%- 97.86%. HHILAI%N, AL T GPA W E
SR 97.88%, o b 27.34, AR T BEAS TR
97.85%.
2.9 KK

N SATS G e LRI A R e q N
B, WEARSEE T 28T T 100 f5ECR 5. T
PR TP A I RSUK A WA 2 000 g, /M
i) 40 mL/min [FIAFR AN RE € T B S8, T LA
16 2 SRS LRs AR AR T B A Re il P AH A
7 BT T (1 J R AR A by B AR AR i, VR 20
min, BT 2 IR, 45 R EOR, GPA 1) E 24 95.60%,
o 4 8.40, RSD 4 0.77%, UtHHILIETFiE T 25
PR AIVE R4, v DUE— AT sl O oL, Re
g S Tl AR = fefi—e MR e 3, AR N
HTiIst.
3 itig

RIKARZERL K A AFAE Gy FLA . o3 AHI TR 23
PIRCRARAE B, PR T A, S v o
EIEE A . B TS — R A AR AR )
SERCIE, ARSI T RUKAHZERL, Al B AR
TFIEH A A BRI GPA T T R %
o3 B A

S0 SR FH DR R0 2 58 T LR A SR R
. BHHEARRSERT R, SRR E. 7
TR IR R RO & 5 AN XS Ev o MR B3
Wi o Hrp NaH,PO, [ 55 73450, LI B AR FR 73 KR
TV PR A AR, AR T 3 T
23 KPR 3 T 256 3 1F,  Box-Behnken SZH i3
THl I AE e B R A, DLk i VR IE T2 4%
P, S T IEACTRES Berh A AR B () AN 4T

PE, BRI, A XK SR T 3 7
S E TP AT R TR . SRR
7N, fE NaH PO, MR HCN 28% LEEI AT
SN 23%, AARHEEE IR R 5 g, R
AR R 40 mL/min, 7 3E I (8] 24 20 min £c2F T,
GPA 1] E 153 97.88%, o 1A% 27.34. RUKAHSIF
VT AR by v 24 3 P 1 0 T v DR Gy i 4
TR T
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