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Optimization of ultrasound-assisted extraction of flavonoids from

Ligustri Lucidi Fructus using response surface methodology
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Key Laboratory of Pollution Control Chemistry and Environmental Functional Materials for Qinghai—Tibet
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Abstract : This study systematically investigated the influence of critical process parameters including ethanol concentration, ex-
traction time ,ratio of solid—to—liquid, and extraction numbers on the extraction yield of total flavonoids from Ligustri Lucidi
Fructus using ultrasound—assisted extraction technology.Guided by single—factor experimental results,a four—factor, three—level
response surface methodology experimental design was established based on the Box—Behnken central composite design princi-
ple.The process parameters were comprehensively optimized through response surface analysis. The optimized model revealed
that the optimal extraction conditions included the ethanol concentration of 65% (v/v) ,ratio of solid—to—liquid 1:40 (g/mL)
extraction time of 45 min,and 3 extraction numbers.Model validation under these conditions demonstrated a predicted total fla-
vonoid yield of 36.15 mg/g,which showed close agreement with the experimental value of 36.12 mg/g.These results confirmed
the reliability of the optimized model for predicting and analyzing the extraction process of total flavonoids from Ligusiri Lucidi
Fructus.
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Fig.1 Representative bioactive compounds in Ligustri Lucidi Fructus:Oleanolic acid (A),

Tyrosol (B),Quercetin (C) ,and Ligustroside (D)
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Fig.2  Schematic diagram of the extraction process

1.2.2 B FEAR A W LR 09 )
PLATT R ARR M B T2 A5 W A 4R, 2 B
kT TR ITIE M B IE RS B E T BRI A (20.00+
0.05 mg) F* 50 mL {# LA A 30 mL 50% £
IR, 2B FE B B e I W OE =67 22 100 mL
D, R R B A i R UE i be AR =1k, B T Uk
Wi TEIRFMNTERZZ B L, flEKRER
0.2 mg/mLA T X} HE S it & T

A9 EC 0 mL.5.0 mL,10.0 mL,15.0 mL,
20.0 mL.25.0 mL (4% T X B AR, 5% 7% 250 mL
25 i, A ) AR A X Rk B AR IE R 0 mg/mL,
0.02 mg/ml. 0.04 mg/mL 0.06 mg/mlL,0.08 mg/mlL
0.10 mg/mL. AR5 1] bR ARic Wk 2 09 &% & = K
WA 25 mL.20 mL 15 mL .10 mL.5 mL.0 mL
50% CBEKEW, S MIRE IS 25, & 7N
WRAEF A 1.5 mL 10 % A1(NO,),, &R IR
Ja, FIREE 6 min. 5 M & VKR P EEEA
10 mL 1.0 mol/L & & AL #M I W, 1 1 50% £, B /K%
WHET B A 2 50 mL bRk, AT E R A
20 minf5, U AR S G, TR K 510 nm 4k
T R e N7 T MR (X)) SR (B (Y)
PYZENE L 7 2 A BT b o 1 42
1.2.3 XFERREH T

HERR BRI o 1 1 2 0T+ J5R), ImA— g R i
1Y SRS, T — 2 BHIR LT A P 5 4 Bl 4 B —
B E) 5, 980 H S 08 VR AR TR S FH 50% £ BE K I iR
VS R R — o A5 RO SO R AR A (1) 1A
B B B
_ chxV (1)

X W s BB IR U (me/g) , TSRS

w x100% .

FEREFE ¢ ARYEARME LRI A 7 R T34 ) o
il ot B R FE (mg/mL) 3 V B AR (mL) ;D A EEEURK
T L RTIR RS m e ol IR i (g) .
1.2.4 T ERE TAA B BRARIE 49377

7 [ 2 SR I E] 40 min  FEBOKEL 3 K BHE EE
1:40(g/mL) RS2 R H I8 1.2.1 3850 5256 7 vk
A B 3 5 ) 2 0T SRR TR R RO B AS PR E L g
LU E T IR T, 40 DL 40% ,50% |
60% . 70% 80% 16 5 ¥k J3E 1) £ B 7K s WA B B 741
F 25 C AL A I 45 R BUA T, Weds T8 e
H 50% £ K RO, T 510 nm K AR 5 $ H
W R i AR A (1) TR B R

M .
1.2.5 HAHR R B BRI E 6 F R

TE &5 BRI R 70% FEBU ] R 40 min 2
ORECR 3 IR SEIR A5 F T H IR 1.2.1 3B L ik
WA AL 7 4 2 0T SO R R B RS IR AR E L g
U E T L IEHE IR, 0 S e R ORE A R
M 1:10(g/mL) \1:20(g/mL) ,1:30(g/mL) ,1:40
(g/mL) 1:50(g/mL) R LT 25 °C 7T M 4 .
G IF A AP BUR WL , W4 T2 5 T 50% S B /K s Wi
fife, T 510 nm P AR B B SRR B i, O AR
P C1) THAE R AR U A B RRA L AR AR X £
DT Bl B P R )
1.2.6  F2ECET 18] 2 ¥ 5% BRAR BLZ 49 %R

TEREE CBEHRBE R 70% BHB LR 1:40(g/mL) |
PRERECH 3 IS0 551 4% 8 1.2.1 3505255 07
2 PR 7 1) 2o 0T U B BB BT, 1 SR i PR
E 1 g Ul RN E T H AR T, 4 0 i R
10 min .20 min .30 min .40 min .50 min FY B} (8] B4 B T



% 4

Rk kg S R TR @ oV R FHRR L I F R LR LY 407

25 C A SR A I 45 2 PR IO W, Ve 4 T I
50% LB IF R, T 510 nm KA 5E SR BOR T
S A IR EE A (1) TR B R B, LA
PEASG PRI (125 AR 2 0T~ S B T Bt 52 ).
1.2.7 FBCRH A B F AR IE %0

T [ E LR EE N 70% FRBLEE A 1:40 (g/mlL) |
PEILTE]) A7 40 min (5250 F5 40 T e BRI 2 SE90 1
WA AL 7 4 2 01— SO R RO B RS AR E L ¢
TR E T E IR, 0 0 BRSO B
LR 2345 KT 25 °C A& If

B WARI WL, W47 T4 J5 FH 50% £ B 7K 5 W3 it
T 510 nm PRAN I E S OB P R BT B AR
A (D) AR ER S U | DLHE 4R ORI ks
X 2 g7 S B 4 HB Y S
1.2.8  vq @A kAL T LAt

BT R R R IR A5 2R WFSE R P 7 T8 53 B 2 %
TSR — Ak, DL BEH B RN LG | 45 U [
R MO S b N7 A2 B S T i BB Ay i B
{45 Box—Behnken 255311 ( BBD) JERFR 511 T P4
B KOS LI R Z KSR 3 R,

%3 BBD XWEITEEREKFR

Table 3 Factors and levels used in BBD design for flavonoids extraction

K Ak
A LRI/ % B R b (g/mL) C &I TE]/ min D $EHKR /)

-1 65 1.35 35 2

0 70 1.40 40 3

1 75 1.45 45 4
2 HRE5HH Bl 4a FTs. SEERECHE o | B IR PR BUR 5 2 VA TR
2.1 B EAARE W& ML) W 2R AR AR U B R O WA A A
KRN 6 B 2 22 1 1) s 8 T s oA il £ 4 A AR X B A P 3 L SR A — RE SR 2 2 vk
B3R, SRR A RERIHFFE V=6.2471X- M 40%HTNZ 50% ], i vs 2 B B B 4w, 60
0.014 , HAHG 2R R =0.999 8. SCI ¥ I, 7E0.02 3 BE 3 Ny 50 M T A 250 A A A0 40 L B 5 vy 1
~0.10 mg/mL ¥k EEJG BN, WO S5 TR E S BSR4 LV R B R 70% Bt 1 B

W RGO £ O AR R [ U5 i 1) R % 28 808
(R*>0.999) , 1. BH [o] 5 250 50 5. 2, m] LA otk vk 40 A
4 TP A R ) A

0.75

0.60

o
'S
O

ERE (a.u.)

o
L
(=}

0.15

1 1 1
0.00 0.03 0.06 0.09 0.12
W (mg/mL )

3 ATHRERL

Fig.3 Standard curve of rutin
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Fig.4 The effects of single—factor variables on the extraction yield of total flavonoids
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Table 4 Box—Behnken experimental design and response values for flavonoids extraction

SRS A W/ % B BHE Lt (g/mL) C A7 B ]/ min D $IBOR AL R B B A
1 70 40 40 3 36.09
2 70 35 40 2 36.06
3 65 45 40 3 36.07
4 70 40 45 2 36.08
5 75 40 40 2 36.00
6 70 45 45 3 36.06
7 70 40 40 3 36.11
8 70 35 40 4 36.05
9 70 35 45 3 36.11
10 70 40 40 3 36.09
11 70 40 40 3 36.10
12 70 40 45 4 36.12
13 70 45 35 3 36.03
14 70 45 40 2 36.06
15 75 40 35 3 36.03
16 75 45 40 3 35.99
17 70 40 35 4 36.04
18 75 40 40 4 36.04
19 65 40 40 4 36.07
20 70 45 40 4 36.02
21 75 40 45 3 36.04
22 65 35 40 3 36.12
23 75 35 40 3 35.99
24 65 40 45 3 36.15
25 65 40 35 3 36.08
26 70 40 35 2 36.08
27 65 40 40 2 36.13
28 70 35 35 3 36.06
29 70 40 40 3 36.12
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Table 5  Analysis of variance for flavonoids extraction
Fe Rl A B F {8 pfd
A 0.047 8 14 0.003 4 26.96 <0.000 1 significant
A-Z 0.023 6 1 0.023 6 185.97 <0.000 1 #
B-RHA Lt 0.002 3 1 0.002 3 17.79 0.000 9
C—HE I 7] 0.004 3 1 0.004 3 33.76 <0.000 1 o
DI 0.000 5 1 0.000 5 3.83 0.070 6
AB 0.000 7 1 0.000 7 5.61 0.032 8 *
AC 0.001 3 1 0.001 3 9.94 0.007 0 *
AD 0.002 8 1 0.002 8 22.48 0.000 3 *
BC 0.000 2 1 0.000 2 1.46 0.247 6
BD 0.000 3 1 0.000 3 2.68 0.123 9
CD 0.001 7 1 0.001 7 13.36 0.002 6 *
A? 0.003 4 1 0.003 4 26.73 0.000 1 *
B? 0.007 1 1 0.007 1 55.66 <0.000 1 o
c? 0 1 0.137 5 0.716 4
D? 0.002 5 1 0.002 5 19.42 0.000 6 *
B2 0.001 8 14 0.000 1
AU 0.001 1 10 0.000 1 0.660 8 0.729 4 not significant
iR 0.000 7 4 0.000 2
R 22 0.049 6 28

R*=95.85%;Adj?=91.71%

. ox P<0.05 NZEFBE; « = P<0.01 N2 70 EE.
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