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pH B A i 18] (B0 ) 2 Ao B AR BN A R A AR EEAE T RN R AR R T PR R AR R AR et iR
PR pH F IR | TR R UK AR BOTH F BRI R 0 % ve ;s B R B3GR I AR AR B0 R ] 4R
B pH iR RE | LB BARRBRSHAFT RRAER AL S ERRIE, SR ARG T E A 40g HIEH KA
250 ml H A8, 40 °CF 3 ATE A, 2 B4R A 1:200m/m) N T0% 8%, 757 F ZoK 09K 42 544 0.6% , A pH 4 8,242 1.5 h,
FEA45 CFRRIRERBRILHA5:5:4), ERTLEHT, HERRRMETIAB85.02% ., it T T LRERE THRE,
HARRE G TR TH R eI,

KRR HIEER ARG AR HARA &tk LB

Optimization of Composite Enzymatic Extraction Technology of Glycyrrhizic Acid by Orthogonal Test

LONG Jia-peng"*, CHEN Zhen-bin"*, LIU Xiao-jiao"*, DU Xue-yan'"’(1.College of Materials Science and Engi-
neering, Lanzhou University of Technology, Lanzhou 730050, China; 2.State Key Lab of Gansu Advanced
Non-ferrous Metal Materials, Lanzhou 730050, China)

ABSTRACT OBIJECTIVE: To optimize composite enzymatic extraction technology of glycyrrhizic acid. METHODS: The enzy-
molysis technology was optimized by orthogonal test with pH value, enzymolysis time, amount of enzyme and enzymolysis temper-
ature as factors, using the extraction rate of glycyrrhizic acid as index; the effects of ratio of drug to liquid, soaking extraction
times, soaking extraction time, pH value, soaking extraction temperature, volume fraction of ethanol and ammonia water on the ex-
traction rate of glycyrrhizic acid were investigated by single factor test; the composite enzymatic extraction technology was opti-
mized by orthogonal test using enzymolysis temperature, amount of enzyme, soaking extraction time, pH value, soaking extraction
temperature, volume fraction of ethanol and ammonia water as factors. RESULTS: The optimal extraction conditions were as fol-
lows: Liquiritia glycyrrhiza powder 40 g added into composite enzyme 250 ml, hydrolysis temperature of 40 °C, adding 70% etha-
nol according to ratio of drug to liquid 1:20(m/m), volume fraction of ammonia water of 0.6% , extracting for 1.5 h, pH value of
8, extracting for 3 times (5:5:4). The extraction rate of glycyrrhizic acid was 85.02% under the condition. CONCLUSIONS: The
technology is characterized with simplicity, energy saving and high extraction rate, and can be used for the extraction of glycyrrhi-
zic acid.

KEYWORDS Glycyrrhizic acid; Extraction; Composite enzymatic; HPLC; Ethanol
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AT EEZy Eah Al ATl , FEBOIGT R SR EE ORI A
B R R N RE AR Y AR, B ] TIRT & Fh A
1@ VERT 9 FET4Efl SR RABGHIRF B H iR
P T ZEB % BRI ik A R LG R R A TR
FRAR, ™ b 5 T8 A8, BERAR B A poJes 1 H 5
PRI Bl () G A1 U i AR e 5 T B g A 7
FEMURERER IR ZRREIR | BAR MR U H A 7
5 AR BCRAN ™, WAL A ARE A B i 1Y 2880 3R
PR, FLERIBCR g AR 00 A, SOCE A R S S i AR U 7R
PUH SRR SRR N S8 br T ilife .

1 ##
1.1 s

Hitachi L-2400 @30 A €3 (HPLC )X ( H A4S H SEAF] ) 5
CP225D K- (fl[E ¢ 2 A4 A ) s HH-1 B $AETEK I8 (J
TURME AL A PR ) s pHS-3C pHiT( FHFEREN RS ),
KQ5200B i 7 i i P At (B 1L 1l i 7= (AR A7 BR 23wl ) 5
DZF-6050 F.45 T4 (AR5 LI A TR A 7)) o
1.2 A 5iEHF

HE T HIRE R EZR A R, fy 22 N BT K2
WP 2800 2 o S L BT I T RE LA A L 3 60 H
i, MET 25 5 H S mR IR (P 22 g T A= R AT R ]
LHRE.98% ) 3 i (JiFE J1 =100 75 U, M ALK& Wi A
LA W) ) s £F 4 2 (S 1 =140 7 U, 7 8 5 RS0 & A
FRATD) s S4B AN TE/K G (i ali, J0 & T OBURUE T4 FR
28D s &K Oy Rrat, R R ARG IR A D
2 HESER
2.1 HEBHSENUE
2.1.1 RS @3k Kromasil Ciskl (150 mmx4.6 mm, 5
pm) ™ B P EE-7K (40160, V7V) 5 K6 : 254 nm;
;1.0 ml/min; PEAE 1 : 20 pl M 25 °C.

2.1.2 ARUERRZRMHIE  FRIBUH LR XTI 0.5 g, FHZRIRK
BRIt A 2 250 ml I, BIASH B fe o IR A TR . R
— e b R T R SV, 2 R R R BB VA R 0,08
0.16.0.24.0.32.,0.4.0.56.0.72 mg/ml (IR , I-Hk iR 1545
FRE o DA TR ME () WA bR, BRI B MR ()
BRARAR , A TEe R ML AR I 2 y=1.971 0% 10" x+963 61
(r=0.999 9) . ZEHRFM, T E R 5 5t Wk B2 7E 0~0.8 mg/ml iy
Rl S U T AU B 2 RATFERPESE R

2.1.3  HHXAER RS FREA0 g RO A AR IR R
A TR AR SN, A T IR B, SRR 20 ek R L i, Tk 4
FFE 15 HE R IR, T E A TR R 2 R
i, T A R R VR A R R AR H R R
BE =Sico/So T B R EE IR = mi/mox 100% (K, S, R4 o Hh
B IR %) W TR R o D X B i R R A 3, S, A o R
TR ME, my R EU  H SRR A T, mo o JEORH R H RS
B o

22 ESEHEFRINHERNIZRRE

PEEUT 250 MR FIZ P4 . RIS 60 H Y
HEH AR 40 g, 28 A H 200 B & Wil 5% 1 /A 60 mmx 100
mm FIZRAE R T GETE R AR, - 1] S T s i — o o
1) pHA4.5 2T 4 23 [l AN SR I , 7638 BT A 9RLE T A 2 he SR)G
T R B A ARG o B I T R A — 2 = B

45 28 SRR 15, #RE R, il BG— 2 i _BIE, FTHPLC
RONE H R SR, T RS TR = S
TR ICE
2.3 EEFRTZHIMLIE
2.3.1 AR T H R BCRAGE e 2 AR A
9 250 ml, BT [E] S 2 h, B pHA4.5, %5 45 Mg I % 530k
30.35.40,45.50.,55 CHIHEERIBBCRIGAEL, 4558 5on, 17
R BRIk 22.63% | 25.14% | 25.49% | 24.82%
23.51% .20.77 % , W Bl TR O T 5, T IR IR
Thi e T, YEHRIRE Jy 40 CIF, H S ERIRBUR e, 0]
EL A& A WK S AN R A B TR RE 5 24 i 31— a2 MR R I
TR (A TF IR 2 VIV B PE TR AR
2.3.2  FEEY ST ERARTCR N A AR A A
AFAIE LU , 25 28l FH 4331k 100,150,200, 250,300, 350
ml i H B R IRBCR AR fk . 25 R R, H O fR SR BOR 40
26.85% .37.43% .38.86% .46.74% .44.42% .42.99% , 3¢ B |56
F AT 3N, H R R B R S I BEAIG, i A A i
B 250 ml A fedd . H O ERIR IR ALt il T8
A EEFREAS 2 W PR A0 MU BE A
2.3.3  IEsCIRIGILIE MR T2 AR ScEkl R R 2 e
gL SRR pH (A) (B AR IR R) (B) | BEFAY A2 (C) | AR IR
B (D) NN, LU SRR R N P HE bR , SR AT La(3Y)
EACRIATIRIE, B T2 MR R S5O L B T2
P IE AT I 275 SR L 6 25 R 1 25 0y 22 0 A 5 R L 3.

x1 BRIZHEZESKE

Tab 1 Factors and levels of enzymolysis technology

[
KT
¥ A B,h C,ml D,T
1 4 15 200 40
2 45 20 250 45

3 5 25 300 55

R2 HMIZHEZLEER
Tab 2 Results of orthogonal test of enzymolysis technology

R A 5 c 5 HHERIE, %
1 1 1 1 1 19.80
2 1 2 2 2 32.69
3 1 3 3 3 29.86
4 2 1 2 3 29.19
5 2 2 3 1 35.86
60 2 3 1 2 20.08
7 3 1 3 2 29.66
8 3 2 1 3 20.19
9 3 3 2 1 33.95
K 82.35 78.65 60.07 89.61

K 85.13 88.74 95.83 8243

K 83.80 83.89 95.38 79.24

R 278 10.09 35.76 1037

R 2 3% 3 T 1, 45 TR S B RS EUCR G 52 i K/ Mk vk
 C>D>B>A, i K& C Xt S ERARBCR (R A 4t it
22 Y (P<0.05), BAERIUT 20 AB.C.D,, BTG I FH & K
250 ml, BEAFIELRE A 40 °C., RS IR] 47 2h, g% pH R 4.5,

24 BRZREEZERIRIE

241 RHRCEE X H R R S BCR I R M B 4 B BE

K fﬁ@ﬁ@dﬁ-ﬁﬁ b EAR IR SRR LIS Ry b1 g5 % TR ?EJ&W‘[Q SIS iﬁ@% ATQar il pHS

TEIIE 04EEEETH
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R3 BBIZHAZSWER

Tab 3 Analysis of variance of enzymolysis technology

wERR  EETHR A i) F P
A 1.298 2 0.649 0.11

B 16923 2 8.461 139

C 280.642 2 140321 4621 <0.01
D 18832 2 9416 155

HE(e) 6.073 3 202

1 F(2,3)=9.55;F,(2,3)=30.80

note: Foos(2,3)=9.55; Fo0:(2,3)=30.80
R4 3YK BRI R 1.5 h, AR L (m/m) 43504 1210
1:12.1:14.,1:16.1:18 1 : 20 B H REREE IR ARk, S55RE
IR, H B R R U Ay 7R 22.83% .30.59% . 30.21% .30.30% .
30.64% .30.83% , F WIFE— & Y Fl N, Bl R HR b i3 m, 1
B PR PRI TGN, R Lk 3 12 20 B, H B R PR IR AT
FEREIN (AR AR B 0, 25 Rk S 18 O L pAS 2534, i
SRR 1220 (m/m) et
2.4.2  EAEEFEHFERRARBCR A TEHMRR RS
IO B ER BT M43 5020 1.1.5.2.2.5.3.3.5 hAf &
FRYEIUCRM L, 50BN, R R IR 2 518 23.17 % |
27.78% .25.92% .23.24% .22.72% 17.13% , & WITE1~1.5h
I, BB S AR 0] ) A4, B A SR RSB M I, 7E 1.5 b
A, H R AR BOR IR Bl K ME . 76 1.5 h DUS , BEF R AR AT E
SE, H R AR BRI, WOk B 4RI ] 1.5 he
2.4.3 R pH X BERRIEBOR 52 A AR PR 4
AAEEDLT , ZE2 W pH 43314 5.6.7.8.9 .10 I H LR
PRIBCREM AL, 2R ER, HRERIEBCR S 58 18.74% |
35.68% .37.47% .38.43% .36.80% .16.55% , = WIFE % 1242
pH AT, B R ER PR BR824 pHS I, R R PR R
KB KA . T JE REA pH T, H R IR AR IR T B R, i
2= KA pH AN {HLSE ) il 19 35628 1 ELSE IR ISP A A B R L &
AP B B o R RRRA ) pH K 8.
244 BHRRECHH B RARTCRI N AR A
AL T B AR N 1 2 (BRBUA R LB R 1:1)
3(5:5:4).3(7:4:3).3(6:4:4) ,4(4:4:3:3) .4(5:3:3:3)IKIN}
TR mRABBOR M, 2R BN, T IR IRBOR 5 518
33.49% .31.48% .36.0% .33.99% .30.82% .28.71% .28.11% ,
TN FERECN 3R (5:5: ), I ERIEBCR A i, 13X 1T g &
P T Bt 5 2 B2 U B, IR R T A Mo 7 A3 A R A
i, REREAT S R DR 240 R BE | (A T i B R SR
BRI ARG IR . R BRI R IR 31k (5:5:4),
245 PSRN R ERARBCR AW (R IR SRS
AREOUT B PEIRE 43510 25 .35 .45 .55 .65, 75 CHIH
BRI B A, SRR T R ER PR LA 53 31 55.78 %
67.27% .70.21% .66.29% .48.12% .35.48% , 3 W] i 25 1 B (1%
Fhim H B R ICR e T3 B EAIC, 2E5 51 45 CH, H &
i B2 TR fi A, 150 B L B 95 710 B 7 40 4 v 7 T B R
TRCHS OF 5 il B iy, SR B R AR RN . O ER

2.4.6  LFHEAFDECHH ERRRBCR A R HALR A
AT, 258 IR T 8053 5 R 10% .20% .30%
40% 50% 60% .70% .80% 90 % I} H B B2 $2 B i 5 4k,
S50 R, TR ER R IR 430 R 27.29% . 31.68% . 34.36% .
55.34% .62.41% .68.41% .78.50% .59.99% .51.70% , W Z,
FEURBL B /NI, DR H RERR AR /K R A B /N, H R AR R
AR K 5 24 ZBAATR B> 309% 1, H H BRARBURBE 2 Bk
LA 3 I TG 5 24 2 R FUA Bk T0 % B, H R
PRICR IR B, X2 K i % O AR 0 1, B
TROU R R RV B R ) D T, 6k IR 1 175 A e 1 3, M (5
PRI H R R S BN, WO S AR T0% .
247 SUKIRF A ECN T B RRARBCR A2 AR R4S
AN B A L, 5 58 2 KRR 43 85055 530 0.3% . 0.4%
0.5% .0.6% .0.7% 0.8 % I H FFRSZHUR I EAL . S5 R TIR,
B R 42 BC% 4y ) k 78.97% . 80.25% . 82.95% . 85.02% .
80.50% .79.13% , F WAV R A SK , B2 T H B RR 1Y
BRRAS EUK T s S T R A U SN T RS, A
MG T H RERR I KT . S ZUKIRFR 406K 0.6% LU , bifi
A KIRTR BB K, H BRI SR R B AR, I =<
) Ahag ), 3 BRI TS Y o WOEK I A A1) T T S R i $2
B AHAS T o, TR A 800 0.6 % R L.
25 EXRIMIES GEERERNTZE™

WERFRBCT R A H HHR G 60 H %) 40 g, MR PAIN &
IRIGLE AL, P IR R (A) (B9 (B) J=R4RETHE (C) (7
LM pH (D) IR HIREE (B) LR (F) L EUK IR T 51
(G) BHEHNE, LH EBRIEBCE I 45, R Lis(3)
IEAE R AT, B R B A T3 AE 3 1, JE e, & UE W,
60 °C R g Hveds , I 2 SR O/ H R IR IR IR . & A B
PRIBCTZ M B 2 5 K1 W3R 45 52 A BREARICT. 22 E 8IS
SE I 5 A THAIRBCT 20 ) 22 W4 R 3 6.

R4 EAHFENIZHNEZSKE

Tab 4 Factors and levels of composite enzymatic extraction

technology
¥ =
AT B,ml C,h D E,C F,% G,%
1 35 200 1.0 7 35 60 05
2 40 250 15 8 45 70 0.6
3 45 300 20 9 55 80 0.7

P22 5.3 6 1] 1, 45 R 286 H B AR IRCRR 19 52 0 R/ MR IR
HG>E>F>A>B>D>C, HH A K E GX T R HRN
AT e 2408 L (P<<0.05) o ARG S 45 S e it Ay
A PRARA S R R e R BT 2 AB.C.D.E.F.G:, RJ
TR BE A 40 °C, S A B FH it 250 ml, IR4&ET R 1.5 h,
BRI 45 C, CEHABUECR 70 % 12427 pH R 8, 247K
RN 0.6% .

2.6 ITZWiFitie

B R —HEHRE25 0 (3 60 B )3 4, B0 40 g, 43514 B]

R T TR, IR E TR UK . SRR, T
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Fe fELRE Y, RWILE I T Z2R80E (nT 5E, HARBCRE R
®b EARMFERNIZHEXIRELER
Tab 5 Results of orthogonal test of composite enzymatic
extraction technology

wRE A B C D E F G ITFERIEICR, %
I | | 1 1 | 1 1 8,01
2 | 2 2 2 2 2 2 86.36
3 | 3 3 3 3 3 3 8221
4 2 | | 2 2 3 3 8351
5 2 2 2 3 3 | I 82.89
6 2 3 3 | | 2 2 84.19
7 3 | 2 | 3 2 3 8,24
8 3 2 3 2 | 3 | 80.01
9 3 3 | 3 2 1 2 8423
10 | | 3 3 2 2 | 8.3
11 | 2 1 | 3 3 2 8245
12 | 3 2 2 | | 3 81.89
13 2 1 2 3 | 3 2 .13
14 2 2 3 | 2 1 3 83.96
15 2 3 1 2 3 2 | 82.56
16 3 | 3 2 3 | 2 84.19
17 3 2 | 3 I 2 3 83.06
18 3 3 2 | 2 3 | 043
K 49724 4964 49782 49708 49329 49917 49222
K 49924 49873 49794 49852 50281 50073 50355
K 49616 49751 49688 49684 49654 49274 49687
R 308 23 106 168 952 719 13

*6 EAWMERBRIZHNAZENNER
Tab 6 Analysis of variance of composite enzymatic extrac-
tion technology

PR AT A i) F P
A 0814 2 0407 0561

B 045 2 0226 0312

C 0.112 2 0.036 0.154

D 0252 2 0.126 0.174

E 7805 2 3902 5380 <0.05
F 5978 2 2989 410

G 10811 2 5405 7454 <0.05
¥ (e) 0.725 9 0.806

T Fo0s(2,9)=4.26;F,0,(2,9) =8.02
nOte:Fn.as(2,9):4.26;Foo|(2,9):8.02

3 Tt

ARG R FH A A W X P i B R A TR, 45 SRk
B, 1A £ 2 22 iR SR I i T L A AR AT 400 0 BB 4 2T 4 25
26 SR R, WA {5 40 M 5 224, Ui/ 58 1 S A il B4R

BT AR T H R R R L
A EE T WL (B A G RN LG R R E] R

PEU pH R FLREN IR PSS | LR B SRR B0

TESHEH HERIBCRR T, &R ER, FiRET L%

PR, H BRI EUCR X 85.02% , #- UK 13.15 mg/g, FWRH

A TR AR SO i T2 B B (— R 80% 2647 ) o

BIRE AR BOREGS 2 (LSRR AR, HAMATETS

Y A FACES RTS8, ST A Tl AR H R R R L %

52 Tk
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