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Abstract: Taking glycyrrhizic acid extraction rate was used as an in-
dex, the technological conditions of extraction of glycyrrhizic acid
from Licorice wad optimized by two-stage method of combined en-
zymes and ultrasonic. When the mass of glycyrrhizic acid was 1 g,
the optimum technological conditions for the enzymatic stage were as
follows: the optimal ratio of combined enzymes ( pectinase :
cellulose) was 1 : 3 (U/U); the dosage of combined enzymes was
175 U/g » Substrate, reacted at pH 5.5 for 1 h at 50 °C ; and the par-
ticle size of raw material was 40 mesh with the ratio of material to
liquid 1 : 25 (g/mL). The optimum technological conditions for the
ultrasonic stage were as follows: the ultrasonic extraction solvent is
20% ethanol, and the ratio of material to liquid is 1 : 35 (g/mL),
ultrasonic treating for 15 min at 40 °C with 350 W. Under these opti-
mum conditions, the extraction rate of glycyrrhizic acid could reach
(90.4440.14) %.

Keywords: combined enzymes; ultrasonic; extraction; glycyrrhizic

acid; pectinase; cellulase
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B o 7 U O Mk % KQ-500DE Y, B 1L 7 8 75 AL 28 A
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Table 1  Gradient elution parameters of high performance
liquid chromatography
I 6] / min WA B/ % WA A/ %
0~3 38->50 62->50
3~10 50—>52 50->48
10~11 52->38 1862
11~16 38 62

1.2.2 pRuEm 2 ml 5 BIRE % ARBCH SRR X R 1,2,
3,4,5,6 mg F 100 mL Z R 7020 LB i 8 45 18
A7, BUGE B 0.45 pm A AL IR ML, # 1.2.1 7 vk 0 06 T AR
LA H R 0T R AR P VR B C A A b X R 11 e T R

S MY AR bR 2 A IE R S = 1E + 07C +
14 947 JAHOE R EL R = 1.000 0, 3= W32 b5 A il £ 76 9K 2R
0.01~0.06 mg/mL B} RLEM X ZA.

1.2.3  HRJFRN R RER S & R NE S5 30918 %
W R R L S =5 0 (50 BD L TR B E
PRI 0.2 g F 250 mL H#EHEE M P . I A 702 £ E£100 mL,
WL PR AL DR 250 WS R 40 kHz 44T
AL FE 30 min, ¥ H) . FARE L B 7000 £ BEAR R
BIE L HES) .4 700 r/min B0 10 min, W BV DUTE
P b2y R R 4 G, FU0RE . A 9F 5 R BT
 EIE R IR 12,0 Jr ik D R AR K (DB

JFORE R R A
% ,
= Tooom X 100% , (D
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P— R B R &, %
C—H HBR W . mg/mL;
V—H R BT mL;
m—JF R, g
1.2.4 B G EERBN B L2 LB EE
IERE HF BT H TR L8 ERR—>
R B B s —H E R BUR
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(2) T TR 05 W H R ok TR B &

(3) EAMIEEICH pH N 4.5 WHRA &
TR 2% vl IR 40 S0 I 4 B9 2 0 100 U/ mL S 6 il 4 900 2T 4
REA W R B AR 1 g HROB AR T 250 mL HIEHEIE M .
P 5 E AR BT (W R & — 0 45 TR 2% w90 N 4T 4
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(4) K - 1t it 52 W - W 7K K 10 min,
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1:1,1:2,1:3,1:4,1:5,1:6 (U/UIXH R 42 B
PR 5 1)

(2) e Me 8 Ao CRRE - 4R ;3
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60 CHXH RIS B 15200
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HO X H R R R A 0
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(3) T2 . [ R BUAT N 2000 S RHR I 11 35
(g/mL) BRI} A 15 min 8 75 i & 40 °C, B 58 8/ T %
(200,250,300,350,400 W) X H 2 BR 32 R A B

(4) 75 B ] - S BRI Rl 2000 S RHBHE 10 35
(g/mL) B Ty 2 300 W 75 ik B 40 °C, W 58 8 75 B [|]
(5,10,15,20,25,30 min) Xf H H R $2 BUR 19 52 .
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Figure 1

traction rate of glycyrrhizic acid

H 103 U/ HEREREEIRR, FURELE
Bl LO ) CRIBERE @ P4 RBH 113 (U/UD.

2.2.2 JREXTH SRR BRI WA 2 BRI
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Figure 5 Effect of enzymatic hydrolysis temperature on the

extraction rate of glycyrrhizic acid
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FI I B SrORREE B 00 5 H 55 A0 -5 52 6 T 42 Ak i ARG K
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P G811 o0 B O 3G AT 2 on Ak T L A5 H R 4R
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Table 2 Response surface design factors,levels and coding

KT AT/ B it fi C i D JsUbkL
U A/ h i /°C /e
—1 105 0.5 40 20
0 175 1.0 50 40
1 245 1.5 60 60
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Table 3 Box-Benhnken design and results

x4 BEHTESH

Table 4 Model variance analysis

KW PR OBHE B F g P {8 E M
Bim 159.13  14.00 11.37  137.64 <<0.000 1 % %
A 1.06 1.00 1.06 12.79 0.003 0 *

3.20 1.00 3.20 38.79  <C0.000 1 * %

1.64 1.00 1.64 19.80 0.000 5 * %

D 0.44  1.00  0.44 5.29 0.037 3 *
AB 0.04  1.00  0.04 0.46 0.508 5
AC 0.02 1.00 0.02 0.20 0.657 9
AD 0.70  1.00  0.70 8.44 0.011 5 *
BC 0.60  1.00  0.60 7.27 0.017 4 *
BD 0.83  1.00  0.83  10.03 0.006 9 %
CD 2,31 1.00 231  27.98 0.000 1  x x
A? 136.74  1.00 136.74 1655.83 <C0.0001  x x
B 27.76  1.00 27.76 336.21 <C0.000 1 % x
C? 16.20  1.00 16.20 196.12 <C0.000 1  *
D2 8.47  1.00  8.47 102.56 <C0.0001  x x
g% 116 1400 008
AUk 0.43  10.00 0.04 0.24 0.969 1
PR 0.72  4.00  0.18
BB 160.28  28.00

R iass A B C D PR/ %
1 —1 —1 0 0 61.37+0.21
2 1 —1 0 0 61.94+0.15
3 —1 1 0 0 60.05+0.23
4 1 1 0 0 61.01+0.14
5 0 0 —1 —1 64.46+0.17
6 0 0 1 —1 64.9940.23
7 0 0 —1 1 66.59+0.25
8 0 0 1 1 64.08+0.18
9 —1 0 0 —1 61.01+0.17

10 1 0 0 —1 62.54+0.22
11 —1 0 0 1 62.20£0.30
12 1 0 0 1 62.06+0.29
13 0 —1 —1 0 64.3440.19
14 0 1 —1 0 64.14+0.28
15 0 —1 1 0 64.7140.20
16 0 1 1 0 62.96+0.22
17 —1 0 —1 0 61.81+0.17
18 1 0 —1 0 62.00+0.19
19 —1 0 1 0 60.86+0.14
20 1 0 1 0 61.31+0.25
21 0 —1 0 —1 64.41+0.16
22 0 1 0 —1 64.32+0.21
23 0 —1 0 1 65.50+0.19
24 0 1 0 1 63.59+0.15
25 0 0 0 0 68.16+0.24
26 0 0 0 0 67.50+0.18
27 0 0 0 0 67.87+0.23
28 0 0 0 0 67.07+0.19
29 0 0 0 0 67.91+£0.22
U OG0 il T A I T R O R L JRURERL BT Y IR 2 T

B

Y=67.70+0.30A —0.52B—0.37C +0.19D + 0.098AB +
0.065AC—0.42AD —0.39BC —0.45BD — 0.76CD — 4.59A* —
2.07B*—1.58C* —1.14D?, (3

e 4 AT A AL 2 (P<<0.000 1), e TR g 3%
(0.969 1>>0.05), HAHX R % R =0.992 8, 0] B & R %L
RZ5=0.985 6, i B i A 70 4006 R 0 0, T LA 6 o fy b =5 5%
25 DR 22 % H o 1 $2 TR 1Y 5 i

ZER IR A R Dﬁﬁ¥ﬁ&%ﬁl$?ﬁ"ﬁf‘z%s5 & Cxf

R 4R IR B W A 25 38 BIR AD L BC X H B iR £ I %
R R 2 38 HI BD,CD 4 H 8 R $ R 5 A 3, oAt
38 H IR 25 5 45 U0 T R 4 TR % 5 e 2 Sl A B
2% PR 0 R 4 BB 5 ) el /0N B0 R HE B Dy R R
R <o T <R A IR B <R A B U

2.3.4 M B A>T AL S R i8] Design-Expert 8.0.6
Bt B 1 23 B O 22 ) H R TR 4 R AR G 2% R 3R A L Y
37 1 7T 5% AR P (LI 8)

N 8 FTw  H R R $R R 5 45 TR 2R 3 B I i A it T
KA Yy TF 1w R 0 v, R R R R A K
B, HLH R 4 B3R B d A B BT X oz 11 4 IR R KT 5 B
R 2 IR I 5E 45 R LA M 45 L i — 2P UL W] Box-Benhnken i
BT T 3 B PR R KRS R

[l .32 ] Design-Expert 8.0.6 4% 4 17 1 % £ B il
LMEAMEER T ERMEETZ &40 E 402
176.64 U/g « J&¥) .5 0] 0.94 h,{E BF 48.62 C, 5k ki fF 43
H o HL7E M T2 4 R H R 42 IR B {E Oy 67.78% .
HTTEIPRARAE S BB IE N . B G = 176.6 U/g « K
Wy, BFIE] 0.94 ho iR BE 48 °C L JFURKLEE 40 H 34T 3 IR IETE
U G H B WARBUR N 67.22% bR (R 22 R 0.12% .
AR B oA 2224 0.18 %6 55 T I A AH 3 25 0.83 04, 52
B {5 5000 56 A AR A5 o 2% B3 T o) 7 T 2 O Ak 2 5 il vk 32
BUOH BRI 20 5 D) 2 AT AT AR S PR AEAR T 0 il 38
FAS T B R P IR B s B PO IR I 5 B R SR O
HRWRETZHAME WRHELS G E 175 U/g « IRY. 0
] 1 h @R 50 C, JsUBbRLBE 40 H o

¥ 1.2.4 ik J 2.3 iR dedE T 2045 10 1 R R i A7 3%
SEARHL, S5 R R L JE SR I 2 UG H R R AR R y (68.81 &
0.21) %, ¥ £ $2 I 3 W5 H #E iR 42 B2 AL Ky (69.10 £
0.18) Y0 » 32 WA 1 i 52 45 it vk 412 BBU T B 19 1 R 0 0 T vk K i 42
o B R AR AR, T LA 7 B4 DA H Ay v ke i — 2B (R
N T R i R R BRI L A T B R R IR 2
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Figure 8 Effect of interaction of various factors on the extraction rate of glycyrrhizic acid
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8L ULIE 9, ST YRR IR SR 20 0 dfk
2.4.2 FHRLEXT H R IRARBCRME T SRR >1 0 35

Cg/mL) B B 700 ek 0 38 0 T 3 1R 5 02 JBU 8 ) 1 ok B 0 38
Ko HERRE G H R R ICRE E I 2R <
1235 (g/mL) M, iy 9 59) 4 R O, o 58 6 (A ARUHR IR BT 3%
FE P BRI 45 A0 25 1 P AIRE Y R R R BBUR R . Rt
WL 1 35 (g/mL) I B R $2 B K S d e, LA 10,
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