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Abstract: To promote the yield of isoquinoline from biotransformation of eleutheroside B1, an ionic
liquid-assisted fermentation system was established using Eleutherococcus senticosus as raw material. The
optimal fermentation strain and ionic liquid type were selected, with the biotransformation of isoquinoline
and the ultrasonic extraction process optimized using single-factor experiments and response surface
methodology. The effects of pH, liquid-to-solid ratio (mL : g, the same below), fermentation temperature,
fermentation time, and ionic liquid concentration on the biotransformation of isoquinoline were evaluated,
while the influence of ultrasonic power, liquid-to-solid ratio, and ultrasonic time on the ultrasonic extraction
of isoquinoline was analyzed. The results showed that the optimal fermentation strain and ionic liquid were
Lactobacillus plantarum and 1-butyl-3-methylimidazolium bromide ([C,;MIM]Br), respectively. Under the
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optimum isoquinoline biotransformation process conditions of pH=6.0, liquid-to-solid ratio of 25 : 1,

fermentation temperature 36.5 °C, fermentation time 36 h, and [C;MIM]Br concentration 0.57 mol/L, the

isoquinoline yield reached 0.257 mg/g. Under the optimum ultrasonic isoquinoline extraction conditions of

methanol volume fraction 100%, ultrasonic power 480 W, liquid-to-solid ratio 19 : 1, and ultrasonic time

39 min, the isoquinoline yield was 0.312 mg/g.

Key words. Acanthopanax senticosus; isofraxidin; ionic liquids; biotransformation; ultrasonic extraction;
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Fig. 1 Effect of fermentation strains on yield of isofraxidin
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Fig. 3 Effects of different factors on biotransformation of
isofraxidin
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8 -1 1 0 5.5 38 0.6 0.191
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B (P<0.05) ; “O” FREFAEZE (P>0.05) . T,
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Fig. 4 Response surface and contour plot of pH and
fermentation temperature on yield of isofraxidin
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Fig. 5 Response surface and contour plot of fermentation temperature
and ionic liquid concentration on yield of isofraxidin

oL
SoooRhRR
NS SN

’Q:g
£
b
£
2
2
&
Ik

C: BT A B/ (mol/L)

Bl 6 pH B85 R0A R JEE X0k S5 18 B W 7™ 2 F) i 1o i T B 2%
Al
Fig. 6 Response surface and contour plot of pH and ionic
liquid concentration on yield of isofraxidin

F 1 7 18 P A] A5 B AL 25 44« pH=6.01 . Kk %
M 36.67 °C. B FIAAMREE 0.57 mol/L,
244 IEBIELR

H 4 Design Expert 13.0 #4005 B LA
pH=6.0, ZBHES¥ 36.5 °C. B FWAAMKIE 0.57 mol/L
PEATIAE S, 25 R NEE 3 FiR, NE 3 ATLIEH,
SRR R R N 0.257 mg/g, 5 TRINAE 22 ] A 22
F-0.20%, SCEEER G WM HT, oIz A ]
5, IR RETITHY .

R3 TLBEAR

Table 3  Verification test results

SEHIME S BONME
1 2 3
Y(mg/g) 0254 0259 0258  0.257 0.263
f%/%  -035 -0.10 —0.15

25 REREHBEENBAEELR
P 7 RS TRIE P SR B SR A et S R B W P e A
PR A AR R YR

Pl 7a Sy HY AR RRL 0 B500T S5 W8 i W 7 1 () S T
M 7a ATLAF Y, B PR B,
W B2 e P e AW I B34, H AR 00 100%
BRI B e, SRR e 5N 0.276 mg/g, 1]
B 114 J5 PR 2 52 S e 2 W it B A BRI, FE AR PR R
b S i ELA R B R . L, feE R
RFT R 100%.

2.5.1
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0181 SRR BE PR B, S 0.287 mg/g. BT IE
0161 FCB BN, SRR e, R L — b
R I SRR G 7 RS AT R o S0 LK
029 R 23 AL TR T S 80 AL B RIS, 5200 T 77 &

S

)

N
T

SHIG8 B e it/ (mg/g)
o
[\

200 300 400 500 600
H HR W

SBREE B (mg/g)
(=3 o
3 8

0.26
025
0.24 5:1 10:1 15:1 20:1 25:1
W E E/(mL : g)
0.31
d
0.30 - 1

<

N

O
T

_I_

SR I E T B (mg/g)
o o
3 2

S

%)

=N
T

025 2I0 3I0 40 5I0 6IO
P I 6] /min
a— MR EG b—BATIR, oL, d—@
P 7 ANTRT 75 BRI A 0o S5 R B W 7 ) 5
Fig. 7 Effect of different ultrasonic extraction conditions
on yield of isofraxidin
252 REHRE Y
SWISFEVERIE SR s il 2 S
WP 7o AT LA Y, A A DA, S35 e
WE 7 b S SE IS AR A, YA DIRAE 500 W
W, SRR EE - R R, O 0.272 mg/g. A
AR, SRS, AR TR AT
ARG R, RSB E, IFAER

i P P AR 0, DA B R B e 4 B
TR L, HAEwE R 20 ¢ 1,
254 ABEIEGHH

[ 7d Ay P B ) 0 S 8 B W 7= St ()50

M 7d AT LLE Y, BEE RS A3 0, g
B e i AR NS R AR Ra E, FESRHRET ] 20~
40 min B [RIEABE P, 5008 B e 7™~ i 4 %8 0.298 mg/g,
{H7E 50~60 min AYBFEIBERE T, 7 & THe o IFuk
B TR, XrTae TRIE—ER G, SW%EELE
BRI EEERT, SECT R RERE S, FiL, &
fERE ] 40 min,
2.6 S0k R7 e+ B NG KL T SL I8
2.6.1 pEERLER

K H] Design Expert 13.0 #0/4:%) 3 4 o (1 B dhs ik
IRl A, IR T 22508, A9 2] 00
FAUSFTFEN ¥=0.3122-0.00234-0.0034B-0.0016C+

0.00034B+0.00084C+0.00058C-0.00714>-0.0129B*—
0.0089C? ( P<0.01, R*=0.9941) .

4 O T S 50 2 4 {5 S BRAEDA IR
Table 4 Response surface experiment coded values vs.
actual values

i (E SR
7 4 B C MR ﬁf# (mlg/g)
/W (mL/g) H}[E]/min
1 -1 1 0 400 25:1 40 0.290
2 -1 -1 0 400 15:1 40 0.299
3 -1 0 -1 400 201 30 0.301
4 -1 0 400 20:1 50 0.296
5 0 0 0 500 20:1 40 0.313
6 0 1 500 251 50 0.287
7 0 1 -1 500 25:1 30 0.289
8 0 0 0 500 20:1 40 0.312
9 0 0 0 500 20 :1 40 0.311
10 0 -1 -1 500 15:1 30 0.295
11 0 -1 500 15:1 50 0.291
12 1 1 0 600 25:1 40 0.286
13 1 0 -1 600 201 30 0.295
14 1 0 1 600 20:1 50 0.293
15 1 -1 0 600 15:1 40 0.294
16 0 0 0 500 20 : 1 40 0.313
17 0 0 0 500 20:1 40 0.312
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T 2T RN 5 i, Nkl
GERORE, WAL P<0.01, FRIIZLE R EA 1)
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Table 5 Results of variance analysis

ARSORIE CFITAT AME MU F{E P BEME

A 0.0015 9 0.0002 131.22 <0.0001  **
ABEDRE 0 1 0 31.33  0.0008  **
BiEE L 0.0001 1 0.0001 70.48 <0.0001  **
CHFERfE 0 1 0 1634 0.0049  **
AB 0 1 0 019 06734 O
AC 0 1 0 174 02286 O
BC 0 1 0 0.77  0.4083  *x
A 0.0002 1 0.0002 164.17 <0.0001  **
B 0.0007 1 0.0007 537.76 <0.0001  **
e 0.0003 1 0.0003 255.08 <0.0001  **
B 2E 0 7 0 —
AN 0 3 0 298 01597 O
AR 0 4 0 —
agill 0.0015 16 —
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Fig. 8 Response surface and contour plot of ultrasonic
power and liquid-solid ratio on yield of isofraxidin
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Table 6  Verification test results

¥ TAA
1 2 3

Y/(mg/g) 0314 0309 0313 0.312 0.316
/% -0.10 -035 —0.15

MK 6 ATLIE Y, R IE 7 M 0.312 mg/g,
SN 2 ] B A 22 9—0.20%,  SZI4% JL -5 10 {4
Feik, UEINZRIARY AR A SRR AT

3 #it

I B WA A Bl & TR TR A 0 T Ak R
B1, Jfidad s S U 25 5 e e, i B R S
5 e 1 1 S B ARAR  A T2

(1) Z&0five, feHEm kB Y U5
A E R B TR R [CuMIM]Br .

(2) 578 B2 WE A= Py e Al o B R 2R S 36 A i iy
T SC I R, e N A5 pH=6.0 . W [E H
250 1, REFRE 36.5 °C. A BERTE] 36 h, [C4MIM]Br
WHE 0.57 mol/L., TEHAMT, HEKE™ &N
0.257 mg/g.

(13) 58 B W R s i JIC P DR 25 5 36 R i) . T 52
B, et RN A5 R B BEAR AR 434 100% ., B
) 480 W, &L 19 : 1, MAEHE] 39 min, 7E
WS, SR IE &R 0.312 mg/g.
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