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Abstract; In order to optimize the optimum technological conditions for the simultaneous extraction of ferulic acid and
ligustilide, the extraction process of ferulic acid and ligustilide from A. sinensis were optimized by ultrasonic assisted

response surface. Taking the comprehensive score of ferulic acid and ligustilide content as the evaluation index and the
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ethanol concentration, extraction time and liquid-to-solid ratio were selected as the three main factors, and the contents
of ferulic acid and ligustilide in A. sinensis were determined by 'H-qNMR. Single factor screening combined with Box-
Behnken central combination design test was used to optimize the parameters of extraction process. The single-factor
screening results showed that a high comprehensive score was obtained under the three conditions of 80% ethanol
concentration, liquid-to-solid ratio was 12 mL - g, or 30 min exiraction duration. Based on this, the Behnken center
combination design test was designed and implemented. The results showed that the influence degree of each
experimental factor on the comprehensive score was the ethanol concentration, the liquid-to-solid ratio was the second,
and the extraction time was the least. The best optimum extraction conditions were as follows: ethanol concentration was
80.87% , liquid-to-solid ratio was 13.04 mL + g"', extraction duration was 30.14 min. The verification test results were
consistent with the predicted values. The quantitative resonance peaks of pyrazine, ferulic acid and ligustilide were
8.66 ppm, 8 6.37-6.35 ppm and & 5.55-5.53 ppm, respectively, using DMSO-d, as solvent and pyrazine as internal
standard substance by 'H-qNMR. The precision, stability, repeatability and recovery of the method were good, and the
limits of quantification and detection were low, which can meet the needs of practical analysis and testing. To sum up,
the optimization method of response surface method was used to optimize the extraction process, the experimental results
were accurate and reliable, good reproducibility, and suitable for the simultaneous extraction of ferulic acid and

ligustilide in A. sinensis. The '"H-qNMR method had the advantages of simple operation, fast analysis speed and strong

specificity, and could be used for the simultaneous determination of ferulic acid and ligustilide in A. sinensis.

Key words: extraction process, Angelica sinensis, Box-Behnken response surface method, 'H-gNMR
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A. Pyrazine; B. Ferulic acid standard; C. Ligustilide standard; D. Angelica sinensis extract; 1. Quantitative peak of ferulic acid; 2. Quantitative

peaks of ligustilide; The peak of 8.66 is the quantitative peak of pyrazine.
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Table 1  Single factor test condition
EES AR Z AT I# % 251
Factor Changing condition Fixed condition
LR 50.,60,70,80.,90 WORHE 12 mL - g™ SR A] 40 min , $2IBOR BE 40 C

Ethanol concentration (%)

HORLLE
Liquid-to-solid ratio (mL + g™)

4.8.12.16.,20

PEIU ]

Extraction time (min)

10,20,30.,40.,50

liquid-to-solid ratio was 12 mL - g,
temperature was 40 C

LR IE 90% FRIRN ] 40 min, $RIGEE 40 C

Ethanol concentration was 90% , extraction time was 40 min, extraction
temperature was 40 C

extraction time was 40 min, extraction

LW E 90% , ORHE 12 mL - g, $RBUEEE 40 C
Ethanol concentration was 90%, liquid-to-solid ratio was 12 mL - g',
extraction temperature was 40 °C

®2 BRERRERER

Table 2 Single factor investigation results

] 251 i 5 & .
px ok JTER RN s
erulic acid igustilide
Factor Level B q Z-score
(mg-g") (mg-g™)
TR 50 0.48(-1.43)  3.11(-1.29)  -2.73
Ethanol
concentration 60 064( —049) 378( —079) -1.28
(%)
70 0.82(0.58) 4.59(-0.18) 0.40
80 0.98(1.53) 6.64(1.36) 2.89
90 0.69(-0.19) 6.04(0.91) 0.72
WOEH 4 0.43(-1.97)  4.12(-1.99)  -3.96
Liquid-to-solid
ratio 8 0.64(0.14) 5.86(0.33) 0.87
(mL-g")
12 0.69(0.64) 6.04(0.57) 1.53
16 0.63(0.29) 6.04(0.57) 0.86
20 0.63(0.29) 6.01(0.53) 0.82
RIS [a] 10 0.52(-1.96)  3.47(-2.00) -3.95
Extraction
time 20 0.68(0.31) 6.25(0.55) 0.87
(min)
30 0.72(0.88) 6.43(0.72) 1.60
40 0.69(0.45) 6.04(0.36) 0.82
50 0.68(0.31) 6.02(0.34) 0.66

T SR S B, TR,
Note: Data in brackets are standardized process data. The same
below.
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it LR R A R IR 3,
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BH0.992 7, P iE ZE(r7) = 0.996 8, FE WA 1] ) 5 7
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Table 3  Response surface experiment design and results
‘ N PR o3
- (%) (min) (nL - &) T B2 HA 4 foscore
Ferulic acid Ligustilide
1 90(1) 40(1) 12(0) 0.69(-1.51) 6.04(-0.08) -1.59
2 80(0) 30(0) 12(0) 1.03(1.00) 6.94(0.88) 1.88
3 80(0) 40(1) 16(1) 0.97(0.56) 6.53(0.44) 1.00
4 90(1) 30(0) 8(-1) 0.75(-1.06) 5.53(-0.63) -1.69
5 80(0) 20(-1) 16(1) 0.98(0.63) 6.77(0.70) 1.33
6 70(-1) 30(0) 16(1) 0.81(-0.62) 4.41(-1.82) —2.44
7 70(-1) 30(1) 12(0) 0.82(-0.55) 4.59(-1.63) -2.18
8 80(0) 20(-1) 8(-1) 0.84(-0.40) 6.59(0.50) 0.10
9 80(0) 30(0) 12(0) 1.05(1.15) 6.97(0.91) 2.06
10 90(1) 30(0) 16(1) 0.76(-0.99) 6.56(0.47) -0.52
11 80(0) 30(0) 12(0) 1.06(1.22) 6.96(0.90) 2.12
12 80(0) 30(0) 12(0) 1.07(1.30) 6.94(0.88) 2.18
13 70(-1) 30(0) 8(-1) 0.84(-0.40) 4.76(-1.45) -1.85
14 70(-1) 20(-1) 12(0) 0.79(-0.77) 4.49(-1.74) -2.50
15 90(1) 20(-1) 12(0) 0.68(-1.58) 6.25(0.14) ~1.44
16 80(0) 30(0) 12(0) 1.08(1.37) 6.93(0.87) 2.24
17 80(0) 40(1) 8(-1) 0.98(0.63) 6.73(0.65) 1.29
x4 FEDH
Table 4  Analysis of variance
Skt St g pin | GEEE T AR R i
varince spuares [/ Mean square Fvalue  Palue | DOWCC 0 e of e Fvalue P value
7 Model — 54.38 9 6.04 243.69  <0.000 1 A? 45.53 1 45.53 1 836.34 <0.000 1
A 1.74 1 1.74 70.15 <0.000 1 B? 2.26 1 2.26 91.31 <0.000 1
B 0.13 1 0.13 5.35 0.054 0 c? 0.78 1 0.78 31.51 0.000 8
C 0.29 1 0.29 11.65 0.0112 k2 0.17 7 0.025
Residual
AB 0.055 1 0.055 2.23 0.179 2 ESe 0.099 3 0.033 1.76 0.292 8
Missing item
AC 0.77 1 0.77 31.24 0.000 8 ali i 2% 0.075 4 0.019
Pure error
BC 0.58 1 0.58 23.30 0.001 9 B 54.55 16
Total

. P<0.05 FaREFWENE; P<0.01 FanzETl i #F i,

Note: P < 0.05 means significant differences; P<0.01 means extremely significant differences.

(] Fr 3D iy T P 4 o A 2 65 v, 6 D R 3% [ 32 LA
FH 52 X224 13 v 7 A A A0 4 B BRI S i) A
E NN RN E I e NS R U e B S N E W
HAR, H A5 BT, 15 3 Fh 38 Bk B2 43 19 I AR 4
B F o & B Hk 7 80.87%, W K HE 13. 04

mL - g BEHUA ] 30,14 min, K T 7 8 52 B 4
1B KRR S B T A BB IE . L FERE 81%,
WOEHEE 13 mL - ¢, 32 HCHT ] 30 min, 5 52 $2HL 3
WHEHATERAIE , SEE 45 AN 5 F s, 45 14 1 F
PHE R 2.20, 5 TRI{E 2.14 #2% 2.80% , Ui B %5
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Table 5 Verification results

o iy 2 12 LA N i 2 A
o rﬁj Ferulic acid Ligustilide Q?ﬁjr?
S ' (mg - g") (mg-g") ’
N 1 1.07(1.30) 7.01(0.95) 2.25
$ 2 1.04(1.07) 6.98(0.92) 2.00
%E 3 1.09(1.45) 6.96(0.90) 2.34
RN V-3 Average 1.07 6.98 2.20

3 it

LEEPEA Z-score

16 90 A (%)

LEATE4y Z-score

B (min)

20 16

B2 T R

Fig. 2 Optimized response surface map
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A AN EREM Y 5T A A BN AN 5 ARE D A 1) i 0
B YRR N B, H S A% 06 7E 8.66 ppm; I
Hh, DMSO-d, fie % I3 4 b J45 #7558 W0 A 5 R0 I8 A 4
B, BN 5 H g 5 S Bk %k B DMSO-d, A
B
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TR T 200k, it ) e AR PR I T 20 S I Y
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H A7 25 05 A RO o o e R
HPLC ¥ , FLH A i sl A B A 2 4 Al s ] < A
FHRE BE i A ke a5, A% % i o v LA G T R
FE PR RV, S BPE A TR B B A6 IR A
FH /D8 B o %) A B 90 S5 B T[] 2 %o 22 ol st 4 R A T
TrEWE SRS, TN T R A O &
B E (FRIFEE 2014 £ 544, 2016 Tanaka
et al.,2017) , AWFFE R S 0 TR 125 [ B 0 o
4 1 v BT 5 R N R A P IR B R AT LA AR AR
A, I HLEEA KL FETE 3 min 2247 BRI AT 58 1L,
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