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Box-Behnken response surface method optimized technological research of
ultrafiltration-complexation extraction and back extraction technology to
prepare liquiritigenin

SHI Pan-qi, LIU Xiao-xia, SUN Xiao-yan, WANG Ji-long, WEI Shu-chang, ZHOU Bo, PU Hong-li
Research Center of traditional Chinese Medicine Pharmaceutical Technology and Engineering of Gansu Province, Gansu University of
Chinese Medicine, Lanzhou 730000, China

Abstract: Objective A technological route was established for preparing liquiritigenin from the licorice ultrafiltrate. Methods
Us(5%) uniform design was used to optimize the ultrafiltration process with the retention rate of liquiritigenin as the index;
Box-Behnken response surface method was used to optimize the complexation extraction process with the extraction rate of
liquiritigenin as the index; The technological condition of back extraction of liquiritigenin was determined by the liquiritigenin
stripping rate. Results The optimal ultrafiltration conditions for liquiritigenin were inorganic ceramic membranes with a pore size of
10 nm, a pressure of 0.12 MPa, and solution temperature of 25 ‘C, retention rate of liquiritigenin was 98.74%. Optimum complexation
extraction conditions were as following: 1% TRPO complexing agent, extraction for 10 min in 5 mL organic phase solution, the
extraction rate of liquiritigenin was 99.44%; The 12.5 mmol/L NaOH aqueous solution was the best back-extractant, and the back
extraction rate was 98.88%. Conclusion As a new Chinese medicine extraction technology, ultrafiltration-complexation extraction
and back extraction technology have the advantages of high selectivity, high efficiency, and recycling of extractant, which can provide
a new preparation technology for the research of liquiritigenin.
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DAL BERE AR, H R R B A PUREIARE. Bt
L BRSSO SO B B N R A

HAT, 2B H B i I 5 & A LA
BOED . I EAMAEAE AN R SR V77 ]
WCREAR R 7 A LA Rk R ST, HUH B
B ar s e Ry . AR TRARZ, Y
HPRACH LA P, AN T RO R I St A 50
Sy Atk . T IR BRI R, ARSI S i
PEROAR AP R IOR, S AR UL R i 7L Ak
LGB, SR J5 SR F 456 BRI AL HUEE AR i) £ H 5k
PER P R H R R, (SRR AT S . [N 5
BB b TEANE R, DU o KA I8
LG RERUR AT A M LHE,
1 XEERH

Agilent-1260 RUEAH B IEAY, SEE Agilent 24 7] ;
Hypersil BDS-C s 77 H7#(250 mm X 4.6 mm, 5 um),
PR R KRB AR AR SIM M &I BIEIES, &
Rt A5 5 T FE A PR 22 7] ; MX-RL-Pro LCD $4% jig#%
RS R SEEA B A A R A A] .

AL (TRPO), VEFHTTIEL T AR
AFE RS, TARIERANARAF.

HEA (IS 170916) T 220 i #2544
Wids, HEREH R 25K 2 % BB R W 0%
BEANERHEEHEYH® Glycyrrhiza uralensis
Fish.; HEZEXEE (5 578-86-9, iR/l
98%11), HIbRtIbahalE Yt F bt ieft; 5N
ik, ACNRBLK, HARFI e,
2 FAEEHR
2.1 REUEHIE

FRECHBAR T 10 kg, 435 24 58 0.75%%
AKEARAREL 3 ¥k, % 1 h, & 9F 3 YRR, % H .
22 HEZHNEENE
221 WS PE & BUH N IR E,
FaERE, N 70% CEEH S HE 2R 0.201 mg/mL
AT R ALV, & .
2.2.2 BRSPS RS EUH B
EEFEPERM . REDHEE 1 mL T 50 mL £
N 70% O EEE R RZIE, A, 4045 pm i
FLUERE e L, HLLuEwR, RITE.
223 %M S (REZ ) 2015 FFRR—E
H IR Y HPLC W52 25 £F12), SR F Hypersil BDS-
Cig B O (250 mmX 4.6 mm, 5 pm), L&
i5-0.05%RR /KT (32 1 68) NIREIAH, Hd

K9 237 nm, ¥R 25 C, HEREE 10 pL, ABUR
= 1.0 mL/min. A7 HPLC i LK 1.

A [z
— e E———
B
‘ %
1 ‘
C |
|| H%K‘
D HEE
o s 10 s 20 25 30 35
t/min

1 WMRBZER A). HEBER B). BEEMERE
(C) MRZFER® (D) B HPLC

Fig. 1 HPLC of reference solution (A), licorice ultrafiltrate
(B), complexation extraction raffinate (C) and back

extraction solution (D)

224 HMERFRFHE kR 0201 mg/mL
H B ZO I AR 0.100 0.25. 0.50. 1.00. 1.50.
2.00 mL F 50 mL &, H 70% OB E AR 2L,
PC 1] A 7] 28 1) o B A FEE R0 R VR 0 il O
RS A AR RN 10 uL, JEN SRR
WG E . DU ALSR (V), HERFEIR
FEAREA R (XD JFATEMERNE, BHEREIE
& Y=2 825 X+0.037 4, r=0.999 8, MLl
0.402~8.040 pg/mL.

225 REEERE HEEI “22.17 DUFHE
ZNRHR VAR, % “2.2.37 TR TR 6 Rk 4R
HEFE 6 . SR T RIEMAN RSD 4 1.8%, 45
R RS % B R AT

2.2.6 FREMEIRK:  HU “2.2.27 TR A A EL
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W, T 0. 1. 2. 4. 8. 12. 24 h #EREIE .. 455
HERIGH R RSD N 1.5%, F AR IERAE
Hl 4% S5 K 24 h R E M R AT
227 EEMRE % 2227 TR AT &
6 MY RFEBUM, 1% “2.2.37 Wi NPk Ok & h ke
Wi, SRHRERTESE RSD A 2.1%, %%
(PP R T
2.2.8  DOFEEISCRIRES BN 1 Rk s 2R HL
W61y, FHOFEE R 10 mL, 2B HEEX
TSR 43 mL, % “2.2.37 W F OGS4 E,
ESRUET AR TP BRI, 25 R H B 1 P s
[N 101.52%, H RSD N 1.5%, %7 :HIUE
B B
229 HEZRKEEME Kz “2.227 BTk
H 4 B B RE SRR “2.2.37 THT i SR EAT I
S, JFERIA TR ETER SR,
23 BEILZMR
231 HIE T2 DIHERRE R ANAKTE
bR, AR (XD EA (). BHRRE (X)) R
FRF R, R Us(5%) 35BS Uit AT
e LM, FE. KFRITIER 1, R TR
MR W 2, FESWERNE 3.

R = H R R ARROR T R R

FH 2 W, H B3R OR BE 28 1 B R AE N 98.74%,
3 3 2T R nl A, IEFLAR AR R o
LR B G W MR S e, I TG T ) R

*1 BHERTEREKF

Table 1 Factors and levels of uniform design

7K Xi/nm Xo/MPa X3/C
1 10 0.11 10
2 20 0.12 15
3 30 0.13 20
4 40 0.14 25
5 50 0.15 30

®2 HERITRE G RMER

Table 2 Test plan and results of uniform design

RIS Ximm  Xo/MPa  X3/°C HEEREER%
1 1(10)  2(0.12) 4(25) 98.74
2 2(20)  4(0.14) 3(20) 95.13
3 3(30) 1(0.11) 2(15) 93.82
4 4(40) 3(0.13) 1(10) 90.19
5 5(50)  5(0.15) 5(30) 86.71

®3 BERITFESH

Table 3 Variance analysis of uniform design

R 22 % R E 2R %
- Bl Efiﬁfiﬁl‘ PRiE R EL . »
B PiEiRZE Beta

W 1.068 0.000 2345.070

Xi —0.003 0.000 -0.912  —689.133 P<<0.05
X2 —0.462 0.004 —0.158 —103.306 P<<0.05
X3 9.679 0.000 0.009 6.971 P>0.05

T P AT AR AR B A SIS S A AH SR R, MR
JEFLAE 10 nm I TEHLBEEERE . i 77 0.12 MPa FIENE
TR 25 CHf e N IE %At
232 HETZHARRE NKIEERE T ZME#
P, PR EFRIEFLAE 10 nm THIF R, K5
0.12 MPa FUENRIGE 25 Cae 47 3 AT
WS, SEPRINAS IR B 265 0N 98.38% 98.59%-
99.25%, HA{H N 98.74%, RSD K 1.2%, ZERE
N, MRIER S AEIE A TR BOR H B R AR
24 HEEWMIZMR
241 HEEFEETE  HAEFERGHZ S TRPO+
PRI 2B A, B “2.2.27 TR J5 ikl %%
(IR R 2 0.2 g/mL, HX 0.2 g/mL K H s g
10 mL 5 — @ AR A A BGH I 50 mL &0
o, B TiREIR A E 25 v/min AEE—E I E] ),
3000 r/min £5.C> 10 min, BN EFERWEN E HHE R
PR RWE, EEAVAEER W H R R ERE
B ZE IR A, 42 A S H R W EEROR .

B =(Co—C1)/Co
Co M H B HEW H H BRI RERE, O AR
F IR RIR
242 HJEXREET M4 TERT IR 7T 2 A
b USON SR H B F Design-Expert 8.0.6 H 1)
Box-Behnken H Uy 20 A 06 e T PR A e 5 D 43 AT
X ERER L 2T iE, B8R4 A7) TRPO 14
U (A, ZEBURE] (B). AHUMEBRIAR (O
NEMRE, B3 &R 3 KRR, AR
=1 0. +1 RFRIR. M B ae e ik e g5 R 4,
TR IE 5.

ISR S RN R AT R, S R E VA
5 P<<0.01, k20l BA B VS
F Design-Expert 8.0.6 H{-xf 5256 45 S i 47 (5] )3 41,
A, BEIE AR ¥=98.234+7.51 A+18.06 B+
1530 C+4.48 AB+5.98 AC+11.31 BC—10.22 A>—
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Table 4 Design and results of response surface test
WIS A%  B/min C/mL  HERFERE% | A5 A%  Bmin OmL  HERIEREY%

1 0.5(-1) 5(-1) 5.0(0) 45.72 10 1.0(0) 15(+1) 1.0(-1) 51.94

2 1.5 (+1) 5(-1) 5.0(0) 52.46 11 1.0(0) 5(1) 9.0(+0D 42.63

3 051 15(+1) 5.0(0 74.82 12 1.0(0) 15(+1) 9.0(+1) 99.41

4 1.5(1) 15(+1) 5.0(0) 99.47 13 1.0 (0) 10(0) 5.0 (0) 99.43

5 05(-1) 10(0) 1.0 (-1) 48.91 14 1.0 (0) 10(0) 5.0 (0) 99.45

6 1.5(+1) 10(0) 1.0 (-1) 51.27 15 1.0 (0) 10(0) 5.0 (0) 99.44

7 05(-1) 10(0) 9.0 (+1) 73.29 16 1.0 (0) 10(0) 5.0 (0) 93.42

8 1.5(*1) 10(0) 9.0 (+1) 99.58 17 1.0 (0) 10(0) 5.0 (0) 99.43

9 1.0 (0) 5-1) 10D 40.38

x5 MEEREHGESN
Table 5 Variance analysis of response surface test
WERIE  CPU5A BHE HE OFHE P | REXRIE PO BHE HhE  FMHE PH

Rt 9812.80 9 109031  73.81 <<0.0001 | A? 439.95 1 439.95  29.78 0.000 9
A 450.60 1 450.60  30.50 0.0009 | B? 1 666.49 1 1666.49 112.10 <<0.0001
B 2608.23 1 260823 176.60 <<0.0001 | C? 1642.29 1 1642.29 111.70 <<0.0001
C 1873.03 1 1873.03 12690 <<0.0001 | %%% 103.41 7 14.77
AB 80.19 1 80.19 5.43 0.0526 | KA 74.44 3 24.81 3.43 0.132 6
AC 143.16 1 143.16 9.69 0.0170 | &Rz 28.97 4 7.24
BC 511.21 1 511.21  34.61 0.0006 | MZE 9916.20 16

19.89 B?>—19.75 C> (2=0.989 6, r.?=0.976 2),
BRI oo R 2 =0.989 6, TABEYE BH rag®=
0.976 2, IX R W 98% LA _I- ¥ 545 mT LA A7 FE MR RE S
ZARA AT T R R R A RCR I i
T AR AT OR, — IR AL B, C
AR I A2, B2 C? DL RS2 B BC W 2R B [ 52
WA o 2, A E I AC X AR (5 3%,
A HITAB ARG A M. N FE LA H,
TEFTIE M & 2R N, D H R R AR
st K, A HUHE BRIk 2, TRPO
PRFR B 52 /)N

B [l R R 3D B R SR, DA
IrHT4%-E ) TRPO AR 70 #. AU [E] . A HUAHE
TR R 5 D R P 2 B 138 ELAE S5, 45 R0
Kl 2.

M 2 1 51, AB il AC X HI, ik
HERZER RSN TR ME, MmRENZEREN
99.43%, F KAEEUE N 99.58%, W& B ZEA K,
{H B KRR 1) 57 B L /E TRPO R4 0k
1.5% M 2Eah -, WO TR LK Design-

Expert 8.0.6 AT T, fe & 8 (1) B A4 & R LT

255N 1% TRPO B4 55 25HL 10 min A1 5 mL

A WAV -

243 HJEXEWTZHIFRE N HREAREHE

W T ZEFMREN, R AR RS A A

BT 244 1% TRPO K&, ZXHL 10 min A1 5

mL AAUEEBGEAT 3 AT, SEhrlf 25

RYMEN 99.44%, RSD N 1.5%, Z5RER, AL

B ST Rl AR A T H B v R H R R AR

RF, 5 SEBR E BUE A PR, A3

MZEI T ZHErf . B2E. ATEE,

25 RERIZHR

251 RERE O EAEDS 8 mL AVAEERS

SRR AN 50 mL 2500, B T heiiR

AL EFERL 10 h (25 v/min) J5, BUT 2 AT

EHRERIWEE, AR EH R RAERE,
JREEB R = Co/(Co—C1)

Co AHEMIEH P HERMEKRE, O AERBHPHE

BTG, Co N RAEBUR b H B ) R Bk

252 RERGUIMEFZL  NSLIABGH K IEIR R
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Fig. 2 Response surface and contour map of TRPO volum

liquiritigenin extraction rate

FAAIBR 25 H BL 27 S b ik B A HLIE TR, A SEieE
4K, 10%% 7K. 12.5 mmol/L NaOH VAR AE
REEBGRS “2.47 WA N REET I ZEHL,
FEM R ARG IS 34T 3 IRSEE, REERLAE S
* 6. MK 6 GHAIE, HAUKENRZERG, H
FRREFEREN 05 H 10%ZKE R FEGH,
HERMREREHRSG 13.83%. A 12.5 mmol/L
NaOH 7KIFHAE RN RZERG), H B FH R IR &
ik 98.88%, #]5F% NaOH /KIEWE A H EHE R R
FHGH.

R6 RERGMAES HERKEZERERAIFM
Table 6 Effect of type of back-extractant on back extraction

rate of liquiritigenin

HER/(ngmL™)

SRAEB IR I R REEBLF (%%
ik 1.7417  0.000 0 0.00
10%2 /K 17417 02408 13.83
12.5mmol- L' NaOH ¥l 1.7417  1.7332 98.88

253 REHGKREEFEE ) NaOH A&, ff
SRR — P AR, ARSI H R T A
FE ) NaOH ¥ 0N H B 3 IR R I, ANk
FEIGR SAIHEAT 3 LG, AR ILER 7. B 7 WA,
24 NaOH ¥ E N 12.5 mmol/L i, HE &K FEE
% 98.88%, LT 12.5 mmol/L NaOH V&R AE A
RAERGFIAERA AT R HEER.

254 RENTZEAUEALE ARIERFERTZ%

e fraction, extraction time and organic phase solution volume to

F7 RERFIRENHERKFENENFI
Table 7 Effect of concentration of back-extractant on back

extraction rate of liquiritigenin

HEF/(ngmL™)

NaOH/(mmol-L™1) T G eI
2.5 1.7417 1.473 7 84.61
5.0 1.7417 15175 87.13
75 1.7417 1.6119 92.54
10.0 1.7417 1.696 1 97.38
12.5 1.7417 1.733 2 98.88

HRIRRENE, FRERFERGH 12.5 mmol/L NaOH
HGIEAT 3 UCPATIRER,  SEPrill 15 R A HCRISE
98.86%, RSD N 0.9%, ZEH IR, Pk REE
FIE T A WU R B EE
3 e

A S 56 388 Tk H B 2R I R -4 A AR AU FE L
TIEHIT, BT E G H R ER SRS K
JA . IMRTTIE . OAH R IR E A SR AR R
SRR, S DU B E 9 JEUREIHT 24 B o T R
BRI IR I H B2 ARt — P i
afi i, ATRRRCH R A S A, TR
(4 = A0 B SRS, O A B Y s
PR %A

FERBYEIEAN b, 0 H B SRR I H R AT
SR R S R TR TS, XA B G T A%
GRTIEALAE N — R B, 1 BN H R R
RIRHE T BRI ARS R, 2 HAh R R R
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25y AR R S AR U SR AR B 7 2 ]
B RERE BIAR AT RS2 SN, A ATV T AU
FIFI (AW RSB B H 1AL 2,
RO, ELIRA ST 1) H AR 5T H B2 A H BB IER
g AN, HASES B R K 2% 5 A B AR S A
VEA HUIRGE IR 70 1 BT R RO A e e e, 4%
EENICHIRIPEE Sen ¢ 2 A RS R SN & 228
TP H B BERS A 4R A& ZE UM M A HCH oK

SREERURE I L S A BGR A HUR 2 S it
ITIRES, s B s R B R ARG P R . A
SCIEH] NaOH ¥ A IR A BRI, NaOH 2 —Ffii
VeV, &47-OH 2[4, MHFRET 2R
Vs, emah SRR, W R RN
AT HUAR A B H B3R o M e % B s A6 57) NaOH ¥
G

S AR T, &
LIRS R T AR R W
UL T2 H S8 H 5 A ] 4 T AT
NHERKH SR T R REESAR.
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