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Optimization of deep eutectic solvent extracion process, analysis of chemical
constituents and evaluation of anti-oxidant activity for votaile oils from
Ligusticum chuanxiong
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ABSTRACT: AIM To optimize the deep eutectic solvent extracion process for votaile oils from Ligusticum
chuanxiong Hort. , to analyze its chemical constituents, and to evaluate its anti-oxidant activity. METHODS The
kind of deep eutectic solvent was screened. With water content, liquid-solid ratio, extraction time as influencing
factors, the yield of votaile oils as an evaluation index, the extraction process was optimized by Box-Behnken
response surface method based on single factor test. GC-MS was adopted in the analysis of chemical constituents,
after which the scavenging rates of DPPH and ABTS" free radicals were determined. RESULTS The optimal deep
eutectic solvent was citric acid-choline chloride (2 : 1). The optimal conditions were determined to be 55% for
water content, 5 : 1 for liquid-solid ratio, and 3. 6 h for extraction time, the yield of votaile oils was 1. 09% . Total
43 constituents were identified, among which the total relative content of phthalide lactones reached 72.03% , the
IC,, values of extract on DPPH, ABTS" free radicals were 197. 36, 132. 59 wg/mlL, respectively. CONCLUSION
Deep eutectic solvent can efficiently extract votaile oils from L. chuanxiong, which can provide a scientific basis for
the development and utilization of this kind of component.

KEY WORDS: Ligusticum chuanxiong Hort.; votaile oils; deep eutectic solvent; extraction process; chemical

constituents ; anti-oxidant activity; Box-Behnken response surface method
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Tab.1 Compositions of deep eutectic solvents

%5 Ak SUR LA
DES-1 ikl AACRH G
DES-2 HEA SALAAH
DES-3 o AN
DES-4 1,3-T SALNEH
DES-5 AL SRR
DES-6 FEIR AALNEH

SD K —

2.2 BE BRI HEZMBIAK 50.0 g, HHIBE
501 A 250 mL IR, A RSB
AR, FERUIIRAS T 2808 3.0 h, IR
KM, TOKBRRREN TR SRR B, T, AR
NN = (R MR ) X
100% .,

2.3 RRFERE 407 MR A v ) L
(1:2,1:1,2:1,3:1,4:1), &K=&
(30% . 40% . 50% . 60% . 70% ). W AR (3 :
1,5:1,7:1,9:1,11:1), FZEmME (2,
2.5.3.3.5, 4 h) XMIELRIMERGEW, P17
3R,

2.4 Box-Behnken "% & @ 3% 7E 5L E i 5 LAl
b, USKE (A) ., Wk (B) . $EEETH] (C)
NRWRR, HRIMAR (V) AR PRI IL 12
W2, WERAKELE?2,

% 2 Box-Behnken N HEEREZXKE (r=3)

Tab. 2 Factors and levels for Box-Behnken response
surface method (n=3)
2 K
-1 0 1
A TR/ % 50 60 70
B R 3:1 5:1 7:1
C FRIUT]/h 3 3.5 4

2.5 BAEHSH R GC-MS i, 100 pL K
M, EOREMERZE 1 mL, WA,

2.5.1 gt SH-Rt™-U-Bond {454 (30 mx
0.25 mm, 0.25 um); HAEHLAAR; HERKE
1.0 mL/min; /M50« 1; #FRER 1 pl; #EFED
JE 280 °C; PP THE (#14h 60 °C, FRFF 2 min,
PL10 C/min 7FZ 180 °C, 2% 1 min, L) 10 C/min
THZE 280 °C, 14455 min, #3247 30.0 min) .,

2.5.2 JiESME EFHER; BTEERE 70 eV;
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BRI 230 °C 5 RIS AL 280 °C 5 PUBAT IR
FE 150 °C; i A48 H m/z 50~500,

2.6 HEAMEMRIEN

2.6.1 DPPH HHAEFHRFE BERKMERE, &
Pt o B R R B 43 0 R 25, 50, 100, 200, 400,
800, 1 600, 3 200 pg/mL MY ¥ W, = M ik
[10] #itif, #HEAS S 100 pg/mL DPPH %
WEABUR G, #EENY 20 min, 7E 517 nm KK
b E R, THRERR R, AKX CHE R =
A= (A,-4,) N
- x100%, Hr oA AL A A

0
DPPH ¥k . SO, BEis il ot
2.6.2 ABTS" A HAGEERE SMICEk [10] #H
i, K7 mmol/L ABTS 45 2. 45 mmol/L K,S,0, %
PABUR A, BRI 12 h, 5 ABTS TAER , B
“2.6.17 T A S W 100 pl, ATA 300 pL
ABTS" TAEW, #EGI 20 min, 7E 734 nm P K
e e WO, IFREER R, AXRNIERE =
A= (A" -AT)
Al
ABTS" TAEM . RO . AL i il o B
3 #£R
3.1 AR Al HER MR BUEOCR 5 R
TR R I FRE IR 1 R,
PR R ISR N DES6>DES5>DES3>DES4>DES] >
DES2>7K, RUARXS TZoohe, WEESUA, A LR
R 5 300 AT (0 4 & AR R i, L HOE DES6,
K 0.71% . P, AR50 56 0k PR A7 6 IR - A0 IR B
ARSI

0.8

x100% , Hirha', A", A, 751K

0.6 4

0.4

ERMBE %

0.2+

DESI DES2 DES3 DES4 DES5 DES6 7k
RILHE

1 RFBAFLBIHERBMEENHM (n=3)
Fig. 1 Effect of deep eutectic solvent kind on the yield

of votaile oils (n=3)

3.2 FRFRE HRIMBEUE —MMER G E T
ME R e, HACR SIS ER i), &K
LR, SRR E S TS HOE DA,
s 2 fros, ARz R T 7 A MR 2Tt
SRR S, YRR ] (B 2A) L Bk
i (E2B) , WoRkE (B 20) , B0 (K 2D)
M2 1, 60% 5 1, 3.5 h IR RIS F A
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Fig.2 Effects of various factors on the yield of votaile

oils (n=3)
3.3 Box-Behnken " B dik  ZEH L 3. R
Design expert 13 JPF#EATHLG, 18 202 EIH
AN Y =1.13-0.063 74 +0.035B + 0. 036 2C -
0.007 5AB-0. 025AC+0. 007 5BC—0.2424*-0. 144 5
B’-0.107C*, JrZ4rHri3k 4, thtnl 0, i
P<0.05, KA P>0.05, R =0.987 2, Ry, =
0.970 7, FAMBAIPIEGE LI, nIfEEER,; %
HZ AR ERIR  A>C>B; NE A, B, C, A%,
B, C*, AC A5 W& S B E R (P<0.05, P<
0.01),

e 1o B BENE , WD SRS A S, S
FZ I A2 B R 2 T 4 AT An ] 3
Jis, ATHES A AR RS2 R BE AR IR i AC>BC>
AC, 525 —3L,

3.4 BiEiXE RAWE, RIETZ RS KE
56.8% , MR S. 101, $REATE 3.6 h, ki
A 1.14% , WA LBRIEN, BB R &K
H55% , WORHEL S c 1, $REREE 3.6 h, FUETE:
EIRES, WA & A2 1.09% , B i & T K
R RIS 0.59% , i T SCHk [13]
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% 3 Box-Behnken Mg EEZITSER (n=3)
Tab.3  Design and results for Box-Behnken response

surface method (n=3)

KBS A FKE/% B WKL ¢ IR/ Y LSRR/ %

1 70 5:1 4 0.78
2 70 3:1 3.5 0.63
3 50 7:1 3.5 0. 85
4 50 3:1 3.5 0.79
5 50 5:1 4 0. 84
6 60 5:1 3.5 1.19
7 60 7:1 3 0. 86
8 60 5:1 3.5 1.14
9 70 7:1 3.5 0.72
10 60 5:1 3.5 1. 11
11 60 5:1 3.5 1. 11
12 50 5:1 3 0. 84
13 60 7:1 0.97
14 60 5:1 3.5 1.12
15 60 3:1 0.81
16 70 5:1 0. 68
17 60 3:1 0.89

x4 AENWER

Tab.4 Results for analysis of variance

IR EHRYOM AME B FHE P1H

s 0.476 7 9 0.053  59.84  <0.000 1
A 0.032 5 1 0.0325 36.74 0.000 5
B 0.009 8 1 0.009 8 11.07 0.012 6
c 0.010 5 1 0.0105 11.88 0.010 7
AB 0. 000 2 1 0.0002 0.2542  0.6296
AC 0.002 5 1 0.0025 2.82 0.036 7
BC 0. 000 2 1 0.0002 0.2742  0.629 6
A? 0.246 6 1 0.246 6 278.63  <0.000 1
B? 0.087 9 1 0.0879 99.34  <0.000 1
c? 0.048 2 1 0.048 2 54.47 0.000 2
Gk 0. 006 2 7 0.000 9 — —
AU 0.001 7 3 0.000 6 0.494 1 0.705 5
aliiR 2 0.004 5 4 0.001 1 — —
AR 0.482 8 16 — — —

3.5 LFERL
FiR,

K HH NIST 17. 0 ¥ P8 %6 52 ¥ K I Ak 22 14,
W T AR — A AR S, S5 R I S,
PERT, SR%E i 43 Ry, LG R BRI e
e BERAE; HOKIRAEIMIL IR, DES6 1
T oA IMEE, ool fhEE, RO, TWMEE, B-
AW AR S R LAY, (AR TR
T8 A B DK 28R | SRR B KR R R R
BT ARG TR AU RN
(13 e L/

RURGE , BEACIER . VRIS NER A, THEER
[N S Y E=E U o I SR Y 5 e R LR o W L =
1812
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Fig. 3 Response surface plots for various factors
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Fig.4 GC-MS total ion current chromatogram of

votaile oils from L. chuanxiong
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>1% FPRUETT T VE G R4 73, & L DES6 F %
WAk (E) -HAMNER (43.86% ) . ¥E)IIE PN HS
A (14.71%) . THBEEFRBK (7.77% ) . T HEIRBL
(5.69%). B-&& Pk M (4.72%)., o il Pz
(3.05% ) . HIAEE (1.07% ) ; DES6 ¥4 %& il rf 2
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Tab.5 Results for chemical constituent identification of votaile oils from L. chuanxiong
. DES6 IKZERZER
H /min WY FIREE 9T % WX A% mﬁ# - WX A%
1 4.302 136. 23 CoHy6 a-IK M 0.04 a-TKITH 0.05
2 4.340 136.23 CoHy6 3-EEsE 0.12 — —
3 4.436 134.22 CoHy, X ApAE)E 0.20 PRI 1. 11
4 4.498 136. 23 CoHy X HT A I 0.35 boEER T 0.07
5 4. 849 136. 23 CoHys AT 0. 80 AT 0.16
6 5.008 154.25 CioH ;0 Pyl 0.08 T I 0.05
7 5.218 136. 23 CioHyg it 0.73 [T b 0.10
8 5.286 154.25 CoH;3O B-F 0.10 B-F M 0.06
9 5.610 154. 25 C,oH,;50 F e 0.05 A H A 0.79
10 5.725 154.25 CoH,50 Ff 0.12 F 0.32
11 5.904 154.25 CoH ;O A-FA TR T 0. 60 4-FA B 0.05
12 6.103 154.25 CoH;50 B-FA IR 0.22 B-FF 0.05
13 6. 189 154.25 CoH;50 4TI 0. 80 A1k 975 T 0.10
14 6.754 154.25 CoH ;3O a-FAH 3.05 — —
15 6. 807 154.25 CoH O -1 i 0.19 — —
16 8.050 184. 36 C3Hy =%t 0.15 — —
17 8.334 150. 18 CoH (0, X 25 F A AN AR 0.02 Ko 29 H A AT 0.71
18 8.808 150. 13 CsHgO5  1,4-FR8 —Mi-1,2- " RIEFR T 0.03 1,4- 38 — 451, 2- R IEFRTEF 0.43
19 8. 854 162.23 C,H,0 T IR 0.46 T EET 0.27
20 9.381 204. 35 C,sH,, B 7 I 0.21 [l 0.29
21 9.423 178.23 Ci H, 0, FHJE T 1y 0. 06 T A 1y 0.12
22 9.587 178.27 C,Hg0 RO 0.11 —
23 9. 897 222.37 C,sHyO Esy N 1.07 — —
24 10.088 204. 35 CsH,y B-A T 0.38 — —
25  10.496 204. 35 CysHyy a-FAAR M 0.39 — —
26 10.557 204. 35 CsHy, (Z, E)-A-iEJefs 0.04 — —
27 10.743 204. 35 CysHy, B MM 4.72 B- MM 1.06
28 10.817 204. 35 CsHy, B-Eh s 0.88 — —
29 10.999 204. 35 CysHyy a-FERA 0.25 — —
30 11.224 202. 35 CysHyy B 0.13 — —
31 11.668 204.35 C,5Hyy B-7 L4 0.12 — —
32 11.829 220. 35 C,sH,,0 R A B 0.26 e A B 1.75
33 12.057 220.35 C,5H,,0 ETEEA 0.14 R 2.02
34 12.477 222.37 C,5Hy0 AN 0.79 [N 0.41
35 12.678 190.24  C,H,,0, THOREK 5.69 THIREK 6.72
36 12.765 188.22  Cp,H,,0, TIRHIEBR 7.77 TIRHIRBR 11.35
37 12.807 192.25  C,H,40, HENE IR A 14.71 P MR A 1.07
38 12.932 190.24  C,H,0, (E)-EA PR 43.86 (E)-BEA IR 39.70
39 13.519 242. 44 Ci¢H30 1-F7S B 0.88 1- 75 0.34
40 13.685 256. 47 C,,H0 -+ 0.36 -+ m 0.10
41 14.304 254. 41 C6H300, eI 0.29 FER TR 0.96
42 15.007 256. 41 C6H;0, Frtr R 0.44 Fr R 0. 61
43 15.645 224.25 C,H,c0, HNE PR H 0.14 VENE g H 0. 87
45 19.925 154.25 CoH,;50 — FAIH5-25 #5-3,5,6, 12-PUfE 0. 06
46 20.017 426.73 C3Hs0 — — T 1.02
47 20.465 414.72 CyoHsO — — B-1F £ 2.35
LRI R AT O AR RS R, AT R B D SRR O AR B A, AR A R
HPr, MM KB, ™, DPPH B AR i A i 4%, JTIZ T

3.6 HAKFH AAMEHRERBLIFLEA
Ak, EEFE, DNA i
Biss st , AN SR AT A RO 8 B

TRz,

7 HE R

F1e
IR & L

TR 2 i . Bdh . At i EBR B BRI RE
M ABTS* R N HE FH HIEES,
B AW 4 1, S U B R

1
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Pt WnE S BiR,  F RO AR 25 ~ 1 600
g/ mL S0 [ A IR 3 (5 38 5 4 2 il Jo o R R A TE A
X%, FURWKE#L 1 600 wg/mL i HARAS
A, DES6 Wikx DPPH, ABTS® [ H15EHY 1C,, {4 7>
B 197.36, 132.59 pg/mL, LT KZES &M
S (244,84, 159.55 wg/mL), "JfEs (E) -
EASER . FEINE IR A, TRERTR . T ORI
SR B B B IR OC

1004 I I
e
80
£ 60
oA
=
LT
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20 e kAR
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e T
80 -
&
3 60
it
pid
40
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20 4 —e KREREME
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1 600 1 5IOO 2(;00 2 5‘00 3 (I)OO 3 gOO
VR MR ERE/ (ugmL™)

B. ABTS'H H%:
EBs5 JIBHELEREULBFENELER (n=3)

Results for anti-oxidant activity determination of

T T
0 500

Fig. 5

votaile oils from L. chuanxiong (n=3)
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XERBR | R SRR T i BAT R
frRe Sy, AR TR TR ARSIk
B, RIS USSR R TR
IKFE AL AT o AR MR v 5 ) U A
SREEAR—, XIRAFHE M EER ", JFE
AU R IR S A R E w1, HA
PRAEACAE R, WAL TR i | MR . R-m
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(EE

ARSI KB, LS N AT RN 1..09%
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BR. T RERBRSE B ROE I SRR, (HAS
FEARE, BHEE, ZAHESLEY, X5
TR 20 R . R RER Y R R RE 1 )
AR, 5 S M T R M 2E LA A 5
BB, AHE, ZMHES Y TaOEN
BRI AR PR R A, 715 DES JE iU |
TEEERE IR, SInsrF i . Ji5h, DES6 %
JEA T B R R, BOHE BR DPPH
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