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Optimization of Ultrahigh Pressure Assisted Micellar Extraction of
Taxifolin from Larch

YANG Fan, HUO Zhiwei, ZHU Wen, ZHAO Xiuhua®

(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University,
Harbin 150040, China)

Abstract: In this study, in order to simplify the extraction process of taxifolin, cut costs and energy sources, improve
extraction efficiency, and promote comprehensive application of taxifolin. Taxifolin was extracted from the trunk of Larix
gemlini by ultra-high pressure assisted micellar green solvent extraction technology, using Larix gemlini of Heilongjiang
Province as raw material. Based on the total content of taxifolin in different parts of larch root and trunk, tea saponin was
selected as the most appropriate surfactant from candidate surfactants. The extraction process was optimized by response
surface experiment, investigating effects of solid-liquid ratio, extraction pressure, extraction times and micellar
concentration on the extraction rate of taxifolin. Results showed that, the optimal extraction process conditions were
selected as follows: The tea saponin concentration was 8%, the solid-liquid ratio was 1:11.5, the extraction pressure was
157 MPa, the extraction times were 3 times, the holding time was 5 min. The experiment was repeated for 3 times under the
optimum condition, and the actual extraction rate of taxifolin was 84.35%+1.2%, which was basically consistent with the
predicted value of 84.98%. Compared with different extraction processes such as microwave extraction, ultrasonic
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extraction and reflux extraction, the energy consumption and CO, emission per unit of raw material of ultra-high pressure

assisted micelle extraction were the lowest, which was 1.64x10* kW-h-g ' and 1.29x10* kg/g respectively. To summarize,

the extraction of taxifolin from larch by ultra-high pressure assisted micellar green solvent extraction technology could be

used widely which was environmentally friendly, simple, stable, reasonable and reliable.

Key words: larch; taxifolin; ultra-high pressure assisted micelle extraction; process optimization; response surface;
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HUEJ7 50~250 MPa, HEHUIREL 2~6 K, A B R WE
6%~10%, FJ JH Central-Composite Design( CCD) 7
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Table 1  Factor level coding table

K-
(SES
—a -1 0 +1 +ao
X BRE L (g/mL) 1:6 1:8 1:10 1:12 1:14
X HEHUE F1 (MPa) 50 100 150 200 250
X BRI AL 2 3 4 5 6
XZRBREIEZ (%) 6 7 8 9 10

1.2.6 &MY FZRBCRAMIE  HPLC & —
ZM 2 2R A (35 A 2 Diamonsil Cg 2 AH #E
(250 mmx4.6 mm); FshAH N 20 K FiR=30:70:
0.1(%); i~ 1.0 mL/min; &M A 298 nm; £F
VECH 28 °C; EREE A 10 plLBo,

HPLC i £k (57 A FAFREL 5 mg — &
e ZhRvER, P IEEZZE 10 mL, £53] 500 pg/mL
P M AR UE S B . SR XA R, Bl
500. 250, 125, 62.5, 31.25, 15.625, 7.8125 pg/mL
B A BRI, FE BE R i TR . TR
A5 3] H [\ )9 5 2 A 0 Y=27324.2521X-23014.7782,
R*=0.9999(X AR B & (mg/mL), Y I
), 7E 7.8125%x107°~0.5 mg/mL 75 [F P9 52 30 B {28
PEXRFRS
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Table 2 Content of taxifolin in different parts of larch
JERE FEEE(%) KA (%) TRE (%)
RIAR 1.123 39.42 0.682
A 0.059 55.91 0.026
HER 1.710 43.65 0.964
R 2.802 20.12 2237

2.1.2 JEMAAR T AR SR DS T AR
VEFARS TR JECRL, T3 3 i, Sl vk EE S Y
K, 5§ 50 g JFORHLRIE] 1.401 g &M 3K, it
S BN 2.802%, SR SRS g A A
Wik Hz 2= BB 2 DA S B RIS 1Y) 2.802% Sk
£3 R AR SR
Table 3 Total taxifolin content in tree trunk

WAL Bk BIIR EEK
FeiE (g) 1.001 0.266 0.073

S/ Q6

0.061 1.401

2.2 FRENEMFIFESER

o FEAS [) 2 T 7t P 70 6ok — Ut 1z 22 B BRI
RIS . IR 1 AT, Horp SR BOCR R I A
3 PPEERIRAS AR . T e A T LR .
IEBRAER B, FEHCRTHRH 78.21%. 65.45% . 63.23%,
VSS9 2,92, 2,16, 2.04 mg/mL., — & I# AL
T, RS M SR IBOSCR ) SCER DR 21, 1 7R R U
Sy TR R R, PRGOS eI AR W
UM 2RV e R e A R IS AR T A R ek,
ASAEE = PR G AR T, BB 2 AU R R
CLA B IBOR b, B SR PR IR, TS S 3= X
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: i i 1 : | . 0
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Fig.1

Effects of different surfactants on the extraction rate and solubility of taxifolin
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T B AR =i B, HA e Kis
TE U B K AZ Lo i IS, T AU 3R S AE A
SRR SIS G, AT R SR Az O B
BHFRAHZAENY, HAS 2R RIRTCHE . A AH X B
HRWE, 2T FIRTRE, e A 23 R BUK AR .
2.3 MEREIRIEEER

4n 3 4 Pr 7~ , ) FH Central-Composite Design
(CCD) Hr.odH G, FFFOENR L (X)) . $REUER ]
(X,) « FRERUE (X ) FITAS B ZR R (X ) X — &
FHERBCR(Y) FE

K4 WP RAR
Table 4 Design and results of CCD design

FAH 171.60, WF5ER: A BIRIAT S8 Sy .25 Fn
HE, W) Pr>F W /NF 0.0001; 5 R ARISF &R & 2
BRI, W] Pr>F /N 0.01; 2 EASRIAS & W bRk,
W Pr>F ¥ /N 0.05, R X0 X, X5 X, X2
X507 X357 X7 0 T B B PRI RE AR h  E
XX, XX, SRR W2, XX, X, X, 5200 2
Ak, 15 B BERL b RP=0.9838, I % R®,;;=0.9780,
Adeq Precision=42.3937, 45 5 3R B, iz AU B 14
b, AAE BE T, RERARE O, 1 R SR PRI Y
JE S AANTI

5 AR CRIT R T 22 5 IR E T

Table 5 Analysis of variance and error of taxifolin regression

. . equation

S XoBHEIE  XARBUES X HEH X KRE YIRECK

7 (gmb) (MPa) W WIE(%) (%) P R HWIE % F poF BENER
1 1:10 150 6 8 64.56 BRI 2787.45 14 199.10  171.60 <0.0001 ok

2 1:8 200 3 7 56.22 X, 1196.10 1 1196.10 1030.90 <0.0001 ok

3 1:6 150 4 3 5238 X, 30.53 1 30.53 2632 0.0001 ok

4 1:10 50 4 8 75.47 X, 29.19 1 2919 2516  0.0002 ok

5 1:8 100 5 9 62.39 X, 233.81 1 233.81  201.52 <0.0001 o

6 1:12 100 5 9 7744 XX, 16.82 1 1682 1449  0.0017 ok

7 1:10 150 4 3 83.59 X, X5 0.71 1 0.71 0.61  0.4481

8 1:10 150 4 3 34.59 XX, 6.27 1 6.27 540 0.0345 *

9 1:8 200 5 9 63.67 X,Xs 6.32 1 6.32 545 0.0339 *

10 1:10 150 4 3 33.86 X,X, 2.08 1 2.08 179  0.2009

» 112 200 3 9 7571 XX, 15.73 1 1573 1356 0.0022 ok

12 1:10 150 4 8 84.98 Xlz 565.99 1 565.99  487.82 <0.0001 HhE

13 1:12 100 3 7 74.41 Xy 238.92 1 23892 205.92 <0.0001 ek

14 1:8 200 3 9 66.72 X;? 464.67 1 464.67  400.49 <0.0001 ik

15 1:10 150 4 10 73.27 X} 489.45 1 489.45  421.85 <0.0001 ok

16 1:8 100 3 9 66.42 ®E 1740 15 1.16

17 1:12 100 3 9 84.28 K 1557 10 1.56 425 0.0618

18 1:10 150 2 8 70.60 ZiiR%E 183 5 0.3661

19 1:10 250 4 8 69.01 B 2804.85 29

20 112 100 5 7 73.32 VE: * e R B (P<0.001); *+RFRAEN 1235 (P<0.01); *fR 8%
21 1:8 100 3 7 57.49 (P<0.05).

22 1:12 200 3 7 71.85
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Fig.2 Response surface plot of two factors that affect the extraction rate of taxifolin
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