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PR pH F IR | TR R FORRAR BT F BRI R 0 % ve ;s B R B3R I AR AR B0 R ] 24
RpH RILIBE | LB H AR BYBAFTEZR AR AL SHERR I Y, SR ML G T LA 40g HEH KA
250 ml H_ A8, 40 °CF #ATE A, 2 B4R A 1:20m/m) N T0% 8%, 757 F 2K 09K 42 544 0.6% , A pH 4 8,242 1.5 h,
FE45 CTRR3IRCEAKRAICA 5:5:4), EZLTEHMHT, HERIETA85.02%, %k ik TERER L T YRR,
HRRES, TR TH RGO,

KEI  H GRS SuRA Gk TR

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 , FEEBOGT R SR EE ORI A
B R R N RE AR Y AR, R ] TIRT A Fh A
1B LT Efl SRS R BN F B H R
P T ZB 2  BRE R ik A R LSRRI IE TR
FKAR, ™ b 5 T8 A2, BBRAR Bl B poJes 1 H R
PRI Bl () G A1 U i AR e 5 T B g A 7
FEMCREAE R IR BRREI ", AR A Mk I SR U H A 9 75
AR BCRAN ™, WA A RRE A B (i 1Y 29880 3R
PR, FLERIBCR g A0 A, SO 1R S S i AR U 7R
PUH SRR SR N S8 Ar Tt A ilife .

1 ##
1.1 s

Hitachi L-2400 30 A €3 (HPLC )X ( H A H SEAF]) 5
CP225D K- (fl[E ¢ 2 A4 A]) s HH-1 B $AETEK A8 (d6
TURME AL A PR ) s pHS-3C pHiT( FHFEREINEET ),
KQ5200B j# 7 i i P A (B 1L 1l i 7= {4 A7 BR 22wl ) 5
DZF-6050 F.45 T4 (AR5 LA TR A 7)) o
1.2 A 5iHF

HEL T HIR A R E 2R R, fh 22 N BT K2
WP 00 2 o L BT I T RE AL A L 3 60 H
i, MET 25 5 H S mR IR (P 22 g T A= R A R ]
LRE.98% ) s i (JiFE J1 =100 75 U, M ALK A= s A A
LA W) ) s £F 4 2 (IS 1 =140 7 U, 7 5 5 RS0 & A
FRATD) s S4B AN TE/K B (i ali, )8 & T OBURUE T4 FR
285D s &K Oy Rrat, R R AR IR A D
2 HES5ER
2.1 HEBHSENUE
2.1.1  fRELME @3 Kromasil Ciskl (150 mmx4.6 mm, 5
pm) ™ A P EE-7K (40160, V7V) 5 K6 : 254 nm;
2 1.0 ml/min; $ERE L 2 20 pls AR 25 °C.

2.1.2  ARUERRZRMHIE  FRIBUH BRI 0.5 g, FHZRIRK
BRIt A 2 250 ml I, BIASH BE e o IR A TR . R
— b R T R SV, 2 R IR R BB VA R 0,08
0.16.0.24.0.32.0.4.0.56 .0.72 mg/ml (IR , I-Hk iR @154
FRE o DA TR ME () WA bR, B R R B MR ()
BRARAR , A TSR M AR M B2 y=1.971 0% 10" x+963 61
(r=0.999 9) . SEHRFM, B 5 5t Wk B2 7E 0~0.8 mg/ml iy
FEl P S U T AR B 2 RATFERPESE R

2.1.3 HHXAER RS FRELA0 g RO AR AR IR R
e A TR AR SN, T4 IR B, R B 28 ek R L i, Tk 4
FFE 15 HE L R, TR A TR R 2 R
3T U S R R T A R R B R AR B B R B R vk
BE =Sico/So T B R IR = mi/mox 100% (K, S, R4 ok Hh
AR %) W TR R ML o D X B i R R VA 3, S, A o IR
TR ME, my R FEEU T SRR A T, mo A JEORH R T R
BT o

22 EEEHEFRINHERNIZRRE

PEEUT 200 MR FZ P4 . A FREG 60 H Y
HER R 40 g, 28 A H 200 B & Wil 5% 1 /A 60 mmx 100
mm FIZRAE SR ST TSR AR, - 1] S T s i — 8 o
1) pHA4.5 2T 4 25 Tl AN SRS , 7638 BT AR T A% 2 ho SRJ5
Fh v R BE (A A S 05 o R 1) R TR RO A — 2 = BT A
IKUREE 3 U, BRR 15 h, SRR . SRR L 8 5 1k

TEIE 204EEEETH

45 28 SR 15, #R B R, il BG— 2 i _BIE, FTHPLC
RONE H R SR, T RS TR R S
TR RICE
2.3 EEFRTIZHMIE
2.3.1 AR T H SRR BCRAGE R e R AR A
4 250 ml, B A 6] 2 h, B pHA.5, %5 45 Mg I 5 430k
30.35.40.,45.50.,55 CHHEERIBBCRGAEL, 4558 5on, 1
R B IR A Bk 22.63% | 25.14% | 25.49% | 24.82%
23.51% .20.77 % , 2 W Bl TR A T 5, H BRI ER
Thi e T, Y BRI Jy 40 CIF, H S ERIRBUR e, 0]
EL A& AWK S AN R A B TR RE 5 24 i 31— a2 W R I
TR (A TF IR Z AV B PR AR AR
2.3.2  FEEFEXT H RERARTCR R A A AR A A
AFAIE LU , 25 28l FH 4331k 100,150,200, 250,300, 350
ml A H B R IRBCR AR fk . 25 R R, H I ER SR BOR A58
26.85% .37.43% .38.86% .46.74% .44.42% .42.99% , 3¢ B |56
AT 3N, H R R B R S I BEAIG, i A A i
B e 250 ml A fedd . H BRI AL th il T8
ArEEFRES 2 PR A0 MU BE AR
2.3.3  IECIRIGILEE MR T2 A ScHkt R R 2 ae
g5 SRR pH (A) (B AR IR R) (B) G A (C) | AR IR
B (D) NN, LU SRR R N P HE bR , SR A La(3Y)
EACRIATIRIE, B T2 MR R SO0 1 B T2
B IE AT I 275 SR L 25 R 1 25 iy 22 0 A 4 S L 3.

x1 BRIZHEZESKE

Tab 1 Factors and levels of enzymolysis technology

W%
KT
¥ A B,h Cyml D,T
1 4 15 200 40
2 45 20 250 45

3 5 25 300 55

R2 HMIZHEILEER
Tab 2 Results of orthogonal test of enzymolysis technology

8s - - - ——— i
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 2919
5 2 2 3 1 35.86
0 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

FH R 2 3% 3 T 1, 45 TR H B R SRR G 52 i K/ Mk vk
3 C>D>B>A, i R C Xt S ERARBCR (R A 4t it
22 X (P<0.05) ., FeAERIUT 20 AB.C.D,, BTG I FH K
250 ml, BEAFIELRE A 40 °C, RIS 1] 47 2h, g% pH R 4.5,
24 BREREEZZRIRIE
241 CRHR H H R AR BCR AR R B SRR E N
45 °C, G AR TR 0.6 % , ZBEAR TR 500 70% , i pHS,
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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
T4 3YK BRUR BRI R 1.5 h, AR L (m/m) 4350 R 1: 10
1:12.1:14,1:16.1:18 1 : 20 B H BRI R ARk, 455
IR, H B R R U A 51 R 22.83% .30.59% . 30.21% .30.30% .
30.64% .30.83% , F WIFE— &y Fl N, Bt HR b i3 m, 1
B PR PRI TG I, R Lk 3 12 20 B, H R R PR IR AT
FERE N (R AR AR B 0, 25 Rk 18 OB L pAS 2534, i
RPN L 1220 (m/m) M fedd: .
2.4.2 EFEEFEHFEERRARBCR A TEHAMRAR R
TEILT B ER BT M43 5020 1.1.5.2.2.5.3.3.5 hAf &
FRIEBCRI L, 50BN, R R IR 2 51h 23.17 % |
27.78% .25.92% .23.24% .22.72% 17.13% , & WITE1~1.5h
I, BB S AR 0] A A4, T B R A SR RSB M I, 76 1.5 b
A, H R AR BOR IR B K ME ., 76 1.5 h DUS , BEF R AR E
SEA, H R IR BRI, WOk B 3R]y 1.5 he
2.4.3 R pH X H B RRITHCRsEm A AR IR 41
AAEEDLT , ZE2 W pH 43314 5.6.7.8.9 .10 I H HE R
PRIBCRMAL ., 2R ER, HRERIEBCR S 58 18.74% |
35.68% .37.47% .38.43% .36.80% .16.55% , = WIFE % 1242
pH A TF i, B R BR PR BRI G i, 24 pHB I, R R $R R
KB KA . T JE B pH T+, H R MR AR IR T B R, X
2 R pH AN HSE Wy i 1) 35628 1 ELSE IR IS A A B RS &
AP Bk B o R RREA ) pH K 8.
244 BHERECHH B RARTCRI N AR A
ARSI T B AR N 1 2 (BRBUA R i 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) KN}
T mRABBOR M, 2R BN, TR IR BOR 5 510
33.49% .31.48% .36.0% .33.99% .30.82% .28.71% .28.11% ,
TN FERBECN 3R (5:5: ), I ERIEBCR A iy, 13X 1T g &
P T Bt 5 2 B U B, BB BR T e A M 7 43 AR B A
T, BEAE AT S R DR 20 R BE | (A T i T B R SR
B ARG R . R BRI R IR 31k (5:5:4),
245 RPEREEN R ERARBCR AW (R IR SRS
AREOUT B PEIRE 4351 25,35 .45 .55 .65, 75 CHIH
FERR BRI AE A, AR R, T R ER PR L5371 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, 2 BEi5 51 45 CH, H &
i B2 TR fi A, U5 B L B 95 7110 B 70 40 4 v ) B R
TRCH OF 5 il B iy, SR B R AR R AN . SRR
PRIRE K 45 C
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2.4.6  CFHAFDECTH ERRRBCR A R HALRR A
AL , 258 IR T 8053 5 R 10% .20% .30%
40% 50% 60% .70% .80% 90 % I} H B B2 $2 BU R A 25 4k
S50 R, T R ER R IR 40 R 27.29% . 31.68% . 34.36% .
55.34% .62.41% .68.41% .78.50% .59.99% .51.70% , W Z,
FEORBU B /NI, DR H RERRAE /K TR AR B /N, H R AR R
AR K 5 24 ZBAATR B> 309% I, H H BRARBURBE 2 Bk
LA 3 I TG 5 24 2 AR FUA B8R T0 % B, H R
PRICR A B, X2 K i % O AR B0 1, B
TR R R RV B R ) D T, 6k IR 1 175 A e ) 3, M (5
PRI H BRI S BN, WO S AR T0% .
2.4.7  SUKIRF A EON T B RRARBCR A2 AR R4S
ARG BT, % 58 K AR A 85053 510 0.3% . 0.4% |
0.5% .0.6% .0.7% .0.8% I H FFRFEHUR AL . S5 RTIR,
2R 48 BSR4y )k 78.97% . 80.25% . 82.95% . 85.02% .
80.50% .79.13% , F WAV R A ZK , B2 T H SRR 1 FL
BRRAS EUK P S T R R A U SN T RS R, A
3G T H RERR I KT . Y ZUKIRFR 406K 0.6% LU , bifi
AT B3 K, H BRI SR R B AR, I =<
) Ahag ), 3 BRI TS G o WSROI A 1) T T SR i £2
B (HAS T o, FLARFR A 800 0.6 % Ry T
25 EXRIMIESGEERERNTZE™

WERFR BT A H HEHR G 60 H %) 40 g, MR PAIN &
IRIGAE I, PRI R (A) JBEAY 5 (B) J=R4RETHE (C) (7
LM pH (D) IR IR (B) | LR (F) LAk IR T 1
(G) BHEHNE, LIH HBRIEECE I 4 br , R Lis(3)
IEAE R AT, B R B P A T3 AE 3 1, JE e, & UE W,
60 °C T g Hveds , I 2 SR BOR h H IR IR . &AL
PRIBCTZ M B 2 5 K7 W3R 45 52 A BRE R T 22 E 8IS
S 5 A THEIRBCT 20 )7 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 2800 B R4 IRCR 19 52 0 R/ MR TR
HG>E>F>A>B>D>C, HHHEKE .G X H EHIRIETCR Y
AT e 112408 L (P<<0.05) o ARG S 45 S je g il Ay
A PRARA S R R | e R BT 2 AB.C.D.E.F.G:, RJ
TR BE A 40 °C, S A G FH i 250 ml, IR4&ES R 1.5 h,
PR 45 C, CEHABU R 70 % 12427 pH R 8, 247K
RN 0.6% .

2.6 I ZHiFitie

R —HEH BE25 44 (2 60 B )3 4, B0 40 g, 43514 B]
R AE T TR, I T BRI UK . SRR, T
BRI BCE 43 9K 85.01% 85.24% 85.56% , 5 1F 2T 1k it
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Fe fELRE Y, RWILE I T 2R80E (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 ITHERIEICR, %
I | | 1 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 1 1 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
it | 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 1 I 2 3 83.06
18 3 3 2 | 2 3 | 04
K 49704 4964 49782 49708 49329 49917 49222
K 49924 49873 49794 49852 S0281 50073 50355
K 49616 49751 49688 49684 49654 49274 49687
R 308 23 106 168 952 79 13

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

PR BT A 2] F P
A 0814 2 0407 0561

B 043 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 it

AR R A2 A T X B P B R A TR A, 45 SR
B, 1A £ 2 22 iR SR I I T LA A AR AT 00 0 LB 14 2T 44 25
26 SR e, M {5 40 M 5 224, Ui/ 55 1 S A il 4R

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

PRI pH IR FLIREN RS | LR B AR R $SE

TESHETH HERIBCRR W, &R ER, FiRET L%

PR, H BRI R X 85.02% , #- U 13.15 mg/g, FWIRHH

S TR AR U SO e T2 B B (— Ry 80% 2647 ) o

BIRE A BRSSO 2 (LSRR AR, H MRS

Yo RS O BT T AR SRR A

52 Tk
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ERBPENTHNESERSARBEARRHNI BRBEIBHELIE

AT 201441 H 22 H, @R DA RIET RS
(AR AR E R AT EZ) B4 Bl YT08 WiT AReE 4
5T AT AETRI A SR oA i g T s s il o B 52
A NEY HING & BTG B TAE ST 2, A4k 1 55 B4
SRR RS B, P T AT S UL IR PR RS N — AR

SUWAEH L2014 45 1 H LUK, & 5 BT iE S 2 6 A

FEZHE 204 EE25EETEH

SR HTNO B B 1] . 2x BCEER  SE T W iis & B
e, T M DX AT A AR St B 51, 25 T e R AR, R —
A, SRR N RO A i (B s 2 B0 3T RS L A 2 L BUR
GO T AREE RAR IR BT IR RLIE ], v S 25 0 7 42 4
Jit, OISR 5 1 M 0 R DXURS A 5 AL 191 R i, C 9Tk
Pl Bt R 2T RS B R A i DR RFHEAR A B
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