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Abstract: Objective To explore the effect of solution environment on the ultrafiltration separation of glycyrrhizin and the separation
mechanism combined with the composition state. Methods Taking licorice extract as the research object, the membrane flux,
adsorption rate and transmittance were selected as the evaluation indexes to analyze the effects of solution environmental factors such
as pH value, temperature and concentration on the ultrafiltration separation behavior of glycyrrhizin. Combined with the characterization
of scanning electron microscopy (SEM), the ultrafiltration separation mechanism of glycyrrhizin was speculated. Results With the
increase of pH value, the flux of glycyrrhizic acid increased from 48.10 L/(m?h) to 55.20 L/(m?h), the adsorption efficiency decreased
from 87.29% to 32.05%, and the permeability decreased from 97.33% to 81.18%; The membrane flux of licorice extract increased
from 47.47 L/(m*h) to 49.74 L/(m>h), the adsorption rate decreased from 99.34% to 25.43%, and the permeability decreased from
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89.52% to 60.00%. The flux of glycyrrhizic acid increase from 45.99 L/(m?-h) to 67.39 L/(m>h) with the increase of solution
temperature, the adsorption rate was about 40% and the permeation rate was about 80%; The membrane flux of licorice extract
increased from 38.94 L/(m?-h) to 58.01 L/(m?-h), the adsorption rate was about 30% and the permeability was about 68%. With the
increase of the concentration of glycyrrhizic acid in the solution, the flux of glycyrrhizic acid membrane decreased from 48.99 L/(m?-h)
to 42.51 L/(m?h), the adsorption rate decreased from 45.25% to 20.18%, and the permeability decreased from 71.09% to 60.01%; The
membrane flux of licorice extract decreased from 49.56 L/(m>-h) to 41.25 L/(m?-h), the adsorption rate decreased from 40.60% to
13.99%, and the permeability decreased from 73.96% to 46.65%. Among them, pH value, temperature, concentration have significant
effects on the membrane flux (P < 0.05), and pH value, concentration of glycyrrhizic acid in the two solutions of the adsorption rate,
permeability were significantly affected (P < 0.05). Compared with glycyrrhizic acid monomer, the transmittance and adsorption rate
of glycyrrhizic acid in licorice extract fluctuated in a small range, and the flux was relatively stable. Comparing the electron microscopic
state characteristics of the monomer and the licorice extract, the size of the multi-component association complex formed in the extract
is smaller than that of the glycyrrhizic acid micelle, which is the core mechanism leading to the difference in ultrafiltration separation
behavior between the two. Conclusion The effect of solution environment on the ultrafiltration separation behavior of glycyrrhizin
was systematically investigated, and the influence mechanism was analyzed combined with the microscopic physical state characteristics,
which provided technical support for the separation of glycyrrhizin in complex solution system of traditional Chinese medicine.

Key words: licorice; glycyrrhizic acid; ultrafiltration; solution environment; micelles; physical characteristics; licorice saponins;
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Fig.1 HPLC of glycyrrhizic acid solution (A) and licorice

extract solution (B)
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BEIREONMALER (XD, FATEAMERIA, 1FREIE7E
Y=8132X+44949, R*=0.9996, & FK I HEHE
7£ 10.57~582.50 pg/mL £kt % R B iT.
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SEAEAN RIS FLAR 25 AT T F e 2 R B R A L 8
M2 1 A5, LA, HERpEE., FidE
Thim, Fra LR IR0, SR FLAE )y 5000 B,
W B4R 24.58%, IERLH N 58.20%, 1B R B .
R1 BEILENEHERBIIERFMN
Table 1 Effect of membrane pore size on ultrafiltration

separation of glycyrrhizic acid

EfLE BUER/(L-m2h RS ETER%
1000 29.02 13.26 22.69
3000 43.92 13.64 25.21
5 000 4537 24.58 58.20

242 BAEERT) % €247 BUNHERESR, &
PRAEURA AR 2> RSN 5 000 FIHBERE, 2 RITE
0.05. 0.10. 0.15. 0.20 MPa (¥ /32 F AT E
LN, RER 2 ATA, BEE T E, H RN
PR, SUEAFREERIRZERA, BEE . R
BRI AR AT EHEE, 0.1 MPa T
J& J5 Bt
Fz2 EAXMHEREENSI
Table 2 Effect of pressure on ultrafiltration of
glycyrrhizic acid

JE//MPa  BUEE/(L-m2h) IR B %
0.05 21.40 21.67 38.20
0.10 43.63 23.28 52.01
0.15 6491 28.94 68.66
0.20 85.71 29.16 87.23

243 PHTARR 4% “2.427 WiR ik MaE R, fF

FRAEIE 77 0.1 MPa, R i 50 2 A HE R 78 B o AT
PEVR BT RO, R N SR A AR A
2. 4. 8. 164 32 fEAARARS, LA (a), THEH
B RAEAN R AR S T IR RS .
B 3 W4T, P AR H B IR B SR I A
ToWY R 5N, 1EFETHT 4 AR S BURE, HdlEAaE
I T &
&3 FEFRNEHERBIENF
Table 3 Effect of equilibrium volume on ultrafiltration of
glycyrrhizic acid

PEARURE W% EE % P E)/min
2 25.39 63.25 9
4 25.64 63.24 19
8 27.05 64.94 37
16 27.66 65.46 75
32 28.27 64.84 150
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Jn#e 55.20 L/(m>h), W B4 B 87.29% P& MK % 32.05%,
FERLRE 97.33%/0 E 81.18%; H B HLEUR i
T 47.47 L/(m>h) 04 49.74 L/(m>h), W
1 99.34%B& MK & 25.43%, BT H 89.52% /b &
60.00%, 4 pH {H )y 9 I, i@ WFHE FEid
T H BRI . XM e 5 H iR
AAERSH K. HHEBRE pKa BN 2.76+0.70, 4
W pHAE A 2~3 I, DAAEMf S ASAEAE, RINTETE
ok, WRBRE iR, REH IR IR P
pHE N 6~9 I, HEIRTE M, DU SAEAE,
FMVE VRS, TP RE JTRRAG, RS B 2 AR 3-141,
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Table 4 Effect of pH on membrane flux, adsorption rate
and transmittance
H R HEHRHR
BOmE/ W B BUEE W &
CLm2h") F/% F/% Lm>h") % /%
48.10 87.29 97.33 47.47 99.34 89.52
50.76 79.01 90.87 47.51 99.14 90.21
51.50 59.39 86.06 47.43 42.40 83.29
51.46 4333 88.23 47.01 38.31 76.04
52.02 39.56 86.57 49.57 22.76 74.93
53.35 34.02 78.52 49.74 28.06 61.36
53.84 31.64 81.28 49.48 28.28 75.64
55.20 32.05 81.18 49.34 2543 60.00

252 VWREE oy mHUCH B ERIE M H AR E
L ELRTIRE 204 254 304 35, 40 CxfHH R
FEIAT AR BB, H BRI TR
= 45.99 L/(m>h)3 2% 67.39 L/(m>h), W2
40%- IFEIEF L) 80%; HHLHRIGH I ELE & H 38.94
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Table 5 Effect of temperature on membrane flux,
adsorption rate and transmittance

H R IR HERDOK
SRR B E EEs R E
Lm2h™hy /% E/% Lm>hh) % R/%
20 45.99 44.46 77.05 38.94 29.64 67.05
25 48.40 41.60 82.96 40.00 28.88 65.67
30 56.46 41.77 76.63 45.65 29.54 67.72
35 59.76 40.82 81.32 52.62 29.38 69.74
40 67.39 42.48 79.33 58.01 28.52 68.67

Xt R EIRE 12,54 25.0 50.0. 100.0~ 150.0- 200.0+
300.0. 400.0 pg/mL #ATHELL, WiE HiHHAEAE
R R S N H IR IR IR B E R R R
Mg, g5 WK 6, B EIREA &, H R
TR RS B 48.99 L/(m2h)PEL 2 42.51 L/(m>h),
W B3R Y 45.25%08/0 2 20.18%, B FH 71.09%
FEAR 2 60.01%; H B4 B 0 I8 & 49.56
L/Am>h)FERE 41.25 LAm*h), WZEH 40.60%7)H
DEE 13.99%, ELRE 73.96%F K E 46.65%. Ik
1 B o R RS I ek, SRR RN . WK
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T HE, B H R R R B ELAT R A
7 e pE T IR N 2 B U R, X ATRe S H
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B, DAAFR/IN S S AFAEDS,
2.6 Box-Behnken fjg N HIiR 3% it 545 R

R BASFEBAE R R,  0 H B R R e
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Table 6 Effect of mass concentration on membrane flux,

adsorption rate and transmittance

gy AR R
SRR wemit owmm s BmEy w s
(hgmL™)

(L-m2h™) % F/% (Lm2hh) T/ K%

12.5 4899 4525 71.09 4956  40.60 73.96
25.0 4835 42.07 7126 4996  34.60 67.51
50.0 4794 35.03 6583 49.14 29.01 62.08
100.0 47.12 2932 63.49 4592  24.53 63.23
150.0 4446 2853 65.57 45.06 20.63 60.36
200.0 4328 23.04 60.06 4299  21.05 65.28
300.0 4274 2444 60.28 4315 21.22 59.27
400.0 4251 20.18 60.01 4125 13.99 46.65
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Table 7 Response surface design and results

X3/ HER

WS X Xo/C

27.00

EEXIE
(mgmL™!) BHEE/(L-m2h) WK% EEE% BEEE/@Lm2h) RHEE% EidE/%
1 9(+1) 30(0) 0.20(+1) 51.53 23.16 64.03 55.40 23.20 64.20
2 50) 30(0) 0.10(0) 53.43 38.09 80.78 5245 42.72 7437
3 2(1) 20(-1) 0.10(0) 32.83 97.96 0.00 36.60 99.20 0.00
4 2(-1) 30(00) 0.01(1) 59.86 100.00 0.00 60.96 100.00 0.00
5 2(1) 300) 0.20(+1) 39.28 99.41 0.00 4430 99.51 0.00
6 5(0) 30(0) 0.10(0) 53.29 51.04 80.96 51.11 49.76 74.46
7 9(+1) 30(0) 0.01(-1) 56.75 40.77 76.71 58.29 35.73 78.85
8 5(0) 40(+1) 0.01(-1) 71.57 67.44 84.60 73.11 62.46 99.56
9 5(0) 30(0) 0.10(0) 50.68 50.60 84.10 51.80 51.13 65.21
10 5(0) 40(+1) 0.20(+1) 61.00 34.38 72.87 59.47 42.97 71.16
11 2(-1) 40(+1) 0.10 (0) 67.62 99.35 0.00 64.04 99.12 0.00
12 9(+1) 20(-1) 0.10(0) 4425 29.72 72.32 43.64 25.26 73.26
13 9(+1) 40(+1) 0.10(0) 70.34 74.74 67.37 21.44 62.86
14 50) 30(0) 0.10(0) 52.04 42.00 81.69 52.86 42.92 77.60
15  5(0) 20(-1) 0.20(+]) 37.44 35.74 67.37 37.19 36.46 67.54
16 5(0) 20(-1) 0.01(-1) 42.68 69.70 77.88 43.69 69.71 84.70

HE=5236+291 X, +14.17 X2—520 X;—2.17
X Xo+3.84 XX — 1.33 XoX3+0.041 3 X241.36 X2 —
0.543 6 X3%, T7ESITEER WK 8, J7£5 M vl Flix
[E] 5 FEAR A P<<0.000 1, ARAYEZE, KPITA L
# (P=0.110 6>0.05), ZEA KL, v LT 4
B R SIRmIERME. SRR, FEH
X Xov YRR, 3 35X I R
PN Xo>X> X0, BERFER XX BFFE R E L
EF (P<<0.05), F7HEZ i RE R2=0.985 4.
H 5B O I B B = 52.05+2.35 X1+ 12.86
X>—4.96 X;—0.927 5 X1X>+3.44 X1 X3—1.79 XoX3+
1.12 X:2—0.257 5 X>+1.57 X:2, R*=0.9986, J7%
SRR 9, ZENHTFEEEA P<0.000 1,
BMBE, KPHAEZE (P=0.818 1>0.05), A
BROL, FEEHE X Xow X WHREEH, 3 #X
FEE B T N o> X> X0, R XiXe XX,
XX B AR E L HAEA (P<0.05),
272 WiBtER WEWMERSBENEIR R, B
TR VR T M R =45.43—34.51 X1 —0.618 8 Xo—

10.65 X3 —1.03 Xi.Xo —4.25 XiX3+0.225 0 XoX3+
16.05X1242.03 X:2+4.36 X352, R2=0.9647, J7Z4)
e RN 8, % BIATTFEEA P=0.001 1<0.05,
AR, RMTIAEE (P=0.241 8>0.05), %
BRIERST, EEHE X X R, BREEEN
W B R IR R HE T 9 X0 > XG5> X

H BB O BRI B %R =46.63 —36.53
X1—0.580 0 X2—8.22 X3—0.935 0 X1.X2—3.01 X X3+
344 XX+ 13.17 X124 1.46 X2>+4.81 X352, R*=0.9779,
HESERINE 9, ZHTEER P=0.000 3<
0.05, B2, RAIAEZE (P=0.1596>0.05),
BRI BT, 25 2 PR 30 I Bt 2R IR e HE o X > XG>
Xo, HP X, Xz 52m T
273 BEEIFR WEBELRESERFRRLEMFE
JiAE, HERRIERE IS % =81.88+35.97 X;+1.83
X>—4.36 X3+0.605 0 X1 X,—3.17 X1.X3—0.305 0
XoX;—42.81 X12—2.31 X2*—3.89 X352, R*=0.998 0,
T EAHTEE R WK 8, % FIATTFEEA P<0.000 1,
AR E, RITAEZE (P=0.140 4>0.05), #&
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Table 8 Variance analysis of glycyrrhizic acid

% . JF i i /(L'm >h ") UUESRA EILE%

K - SEOTA 77 FlE Pl Em 7 FE PlE 77 H 77 Fld Pl
H Y 9 198322  220.36 44.94 <0.0001 11636.94 129299 1822 0.0011 17986.29 1998.48 338.32 <<0.000 1
Xi 1 67.74 67.74 1382 0.0099 9526.83 9526.83 134.28 <<0.000 1 10353.61 10353.61 1752.73 <<0.000 I
X2 1 1605.46 1605.46 327.45 <<0.000 1 3.06 306 0.04 0.8423 26.79 26.79 454  0.0772
X3 1 21642 21642 44.14  0.000 6 907.81 907.81 12.80  0.0117 152.43 152.43 25.80  0.002 3
XiXo 1 18.92 1892 3.86 0.0971 4.22 422 006 08154 1.46 1.46 025 0.6363
Xi1X3 1 58.98 5898 12.03 0.0133 72.42 7242 1.02 03513 40.20 40.20 6.80  0.0402
XoX3 1 7.10 7.10 145 02741 0.20 020 0.00 09591 0.37 0.37 0.06 0.8102
X2 1 0.01 0.01 0.00 09715 1030.09 1030.09 1452 0.0089 7329.50 7329.50 1240.79 <<0.000 1
X2 1 7.38 738 151  0.2657 16.44 1644 023  0.6473 21.37 21.37 3.62 0.1059
X3? 1 1.19 1.19 024 0.6393 75.86 75.86 1.07 03410 60.57 60.57 1025 0.0186
WRE 6 29.42 4.90 425.69 70.95 35.44 591
KA 3 24.48 816 496 0.1106 301.84 100.61 244 0.2418 28.42 9.47 405 0.1404
adiiRE 3 4.93 1.64 123.84 41.28 7.02 2.34
BEE 15 2012.64 12 062.63 18 021.73

*9 HEREURMWAEDHR
Table 9 Variance analysis of licorice extract

% [ @ &/(L-m>h™") IR B /% ELE %

KR Hl SFOTM 5 F1i PE I B FE P M ¥ FE P
TR 9 164253 182.50 473.79 <0.0001 12097.39 1344.15 29.56 0.0003 17476.28 1941.81 36.93  0.000 1
Xi 1 4418 44.18 114.69 <0.0001 10672.61 10672.61 234.74 <<0.0001 9741.99 9741.99 185.26 <<0.000 1
X2 1 132278 1322.78 3434.00 <0.000 1 2.69 269 006 08159 8.16 8.16 0.16 0.7072
X3 1 19691 19691 511.20 <0.000 1 540.55 540.55 11.89  0.0137 453.16 453.16 8.62 0.0261
XiXo 1 3.44 3.44 893 0.0244 3.50 350 0.08 0.7908 27.04 27.04 0.51  0.5003
XX 1 47.40 4740 123.06 <0.000 1 36.24 3624 0.80 0.4063 53.66 53.66 1.02 03514
XoX3 1 12.74 12.74 33.09  0.0012 4733 4733 1.04 03469 31.58 3158 0.60 04678
X2 1 497 4.97 1291 0.0115 693.40 693.40 1525 0.0079 7032.08 7032.08 133.73 <<0.000 1
X? 1 0.27 0.27 0.69 04384 8.48 848 0.19 0.6809 37.18 37.18 071 04327
X 1 9.83 9.83 25.51  0.0023 92.59 92.59 2.04 02035 91.44 9144 174 02354
%= 6 231 0.39 272.79 45.47 31551 52.58
KA 3 0.55 0.18 031 028181 213.69 7123 362 0.1596 229.69 76.56 2.68  0.220 1
aRE 3 1.76 0.59 59.10 19.70 8582 286l
MEZE 15 1 644.84 12 370.18 17791.79

RURAL, RN E X X A RENE, HHRREZF0
FEI R MEHET A X > X> X0, XX [AITEAE 3%
ZTHAER (P<0.05).

HE RO H BRI ZE I 2 =72.91+34.90
Xi+1.01 X2—7.53 X3—2.60 X,.X2—3.66 X1.X3—2.81
XoX3—41.93 X12+3.05 X»>+4.78 X352, R?=0.982 3,
TEMNERIIE 9, ZHEHEA P=0.000 1<
0.05, BiAL R 2, RVTIA EE (P=0.220 1>0.05),

FUNZAI AT, B8R ZO0 % I 2 1 s HE T
Xi>X>X, HXxi. X B REE.
28 FERAREBVRZEIER

B A . Box-Behnken i Ny b5 22 K &
B AT, S5RK pH H. BE. FEREENE
BR 200 H R I8 20 25 e B 22 e, Dt —
R TSI N H BRI S s A, [
Gt B PR bR R 2 2 128 HAE R IT 04T
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28.1 pHELHIEE pH A5 IEEKAS HARERA
HHE RGNS B B B, pH 5 IRELH
VER SRR W 2. 0k H SR BRI R
Mo — %, WoATiE I R AVR pH A IR AR
WATEIE R, REEIERCE.

JIE A B/(L-m 2h )

a

pH {4
2 HEMRR (a) MEHERIUR (b) WEBEM pHES
mEEXEEFS%E

Fig.2 Contour maps between pH value and temperature of

membrane flux for glycyrrhizic acid (a) and licorice extract (b)
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BAEMSE s 4 R WA 3. 4, pH (5 PTEIKER
AEEAR I H SR BORBIE R H S IR
e, BRI AAAEEN, 2 pH EN 2~5 1,
Jo8 7 T AR PR SR A B P S B DA W X 5 17 24 pH A
N 5~9 i, HERR: D TEHFRR, 707 BRME
PSS, I AR IR S =, REfE—EVEH A
DRI ZENWAL . TS AR A e, SoE
PR FAA IR T 2R

283 FERESIRE A OO HEREGREEIE
BN RA ZR . RRERE SRS

JIE I B/(L-m 2h )

a 0.20

0.12
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e
.
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B3 HEE () MEERIK (b) NRBEN pHES
RERERAXMFSLE
Fig.3 Contour maps between pH value and concentration of

membrane flux for glycyrrhizic acid (a) and licorice extract (b)
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SRS, K SEM WL, Mg A 10kV,
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SHRHORTEAS . X LKL 6 T s R O A A e
ATEVEH, H R ARG ROR T RS AR Y]
WES EHFERIGRT, HERZHES AR
PR SRR AR H R AT, HERZ %5
BRRERIEILA], 1 PR H B SR BOR N 2 B JEA7 AR
AN, AHERFERG AR R, Al
B2 50 TGS R T BARE A AL 14
HI AR RS AN H SRR, T 5] Hd i A
BT I ZE R
3 Mg
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Fig. 4 Contour maps between pH and concentration of

transmittance for glycyrrhizic acid (a) and licorice extract (b)
SR, TR RO FIERAS A B LA
i s BUBEE . WA BT TR R,
HT R R AR, KH Box-Behnken M N ik &
Gkt oy M 5 BRI M HAZ AR IR 3 FH R EE, 4]
A B WV VRO 0 H B R g 2 R A,
BT IRTHIR D B BOARAE TP 25 25 (& I E . AT SBT
TR, WS AR B A H SR PR ™ B, R TR
W pH HZ 9, H R AT S I B 7 ISR T
m TR AR R . R B, P
MSHUEERS, pHE. IR, FUE RS E A5
PR 20 H R R R e ) B AT N A B, (ERY
WK 2 AN IR . pHAF S 3 s me I & R
LA, B pH (BT, BUEEANR, TR
Il TR E . AU B B R 5, R I
R R T R TR, MR AR AE I R AR
JrREE R EE X E . IR AR A R H B
Wi, REEE. WRBER. EIEE 3 FH IR R N
TR, RAGETIE. WL IEAT 825
AR LA, pH AR B B2 ) DUH B RR By

20 30 40
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5 HER () MHERIE (b) HEEENRERE
SREEXMFSLE
Fig. 5 Contour maps between concentration and

temperature of membrane flux for glycyrrhizic acid (a) and

licorice extract (b)

6 HERAR () FHERIUE (b) FTHH SEM
(X20 000)
Fig. 6 SEM image of glycyrrhizic acid solution (a) and
Icorice extract (b) (x 20 000)
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