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Abstract: In this study, a magnetic stirring assisted supercritical CO, extraction method was established and applied to the extraction of
eight lignans from the fruit of Schisandra chinensis. The target analytes were separated and determined by high performance liquid
chromatography (HPLC). Specifically, supercritical CO, was used as extraction solvent, the sample was pre-impregnated with ethanol solution,
and the contact between samples and supercritical CO, was promoted by magnetic stirring to improve mass transfer efficiency. Then, various
factors affecting the extraction efficiency of lignans were optimized, and compared with the traditional methods. The experimental results
showed that the good linear relationship for analytes was obtained in the linear range (r>0.9998). The limit of detection and limit of
quantification were 21.30~990.20 ng/mL and 60.80~2992.80 ng/mL, respectively. The spiked recoveries were between 75.00% and 97.78%.
The analysis results were satisfactory. Compared with other methods, the extraction yield obtained by this method was significantly higher than
that obtained by microwave extraction and thermal reflux extraction, and comparable to that obtained by the pharmacopoeia method. Although a
small amount of organic solvent was used in the extraction process, the ratio of solid to liquid was only 1:2, which is 1/25~1/50 of other
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methods. This method has the advantages of large sample handling capacity, simple operation, environmental protection and high extraction

efficiency, and certain potential in industrial production and application. It can be used for the extraction and separation of lignans in traditional

Chinese medicine.

Key words: supercritical CO, extraction; magnetic stirring; Schisandra chinensis; lignans; HPLC

FRF AR RMEY) PR F Schisandra chinensis
(Turcz.) Baill. B4+ FH KT Schisandra sphenanthera
Rehd. et Wils. [ T AR, B RAn T (R A
Z) , e—MEANLELRTY, BARYPPRME R
g5, (RYIPREE IR BRI A B N,
g Rl Bt HIVIEER, TR TR
PR EHpE AL G AT 48 Ol AR fifi
LFAEALPIL B/ U 2 UV E . Fk TR s p i
BRI KIER. AR, 4iE%K C WllE. Bl
SRS Hdr, KRIEREBWEMR AR T
FEGEEE RSy, RN 2B RTINS, D
S A E TAEAE TR IR AR R . B
MR BEFB 55 7 R sl s s E AR
LR, R 2 AN R S A b
Fagkkas!.

BT, WSROI R E DRIy
BN EE A i ik i
- FIEN AN B BRSO i
ERA B, SR, R RBE R, #BE
HENLSE A, IO 2N . DR, ARSI
FE RGRAR B B AR st AT o3 sl i,
e B R AR BRI PR U A VR 5
Py B, BUEEL AEERAREOER SUKARRE
BP0 R B TR R BOE Y
GIARERE . REUES B IE SB I I L
WAL 5, R EROSR ) 2B Bt Fvk 1
AR Z WG THREL, T 6 f5EM 95% 4
BE, DFNENASREL 2 Ik, BRI 2 h, BARIEREEN
723 mg/g, AN, SCRABREN kTR E =S
EDRATHRIL LL 95%ZBHZIE 24 h J5, LL 10
mL/min [F7EE, AN 10 R INBIER, &5
BARTERSEN 10.95 mg/g. HEIRIXLL T iEEAER] H,
PeHR s, (AR ANIERHER, HIEEDUN R,
PERUSCRIG. B IIREGE . UK R 52
BT —A4ERIE R S I8 7 ide XK EEPLR
AT B BGEX FUR T AR R B A TR
e, @it PURZR . =K Box-Benhnken Witfift
BRI T E N LTEIRE 84%, KRHELE N
1:15, $RIRECH 2 I, HHTIF)9 800 W, SANE
REHRN 7.88 mg/g. THEESEPLR HIB R — 2 BERUK

222

VAR IR Ak T ARNE 2, mA k. BEIREE
26.07%- FhIKEE 24.81%. HEFEE 10.28 min, 7Eix
BN, AR HRNAEDRE L] 908.48%. MR
ORI R, SR R, (R TR
HEMHREANIEN, HFESeE/, REHT
SIS E T RUKMHRERGEE A SHE. AK.
FER RS, TSRS RVEFF 2, (B2
IR, R EM B ER R, oK
NE BB AN AR R IEA A

PRI SR ZE DL R ok R SR 2
JR A BB R 592027, e R R R I SRS 1
CO, TENAERUAT, 8 B AU R R A R =i
PRH R, BT, BIRFRAERGE AR, £
M. &R BRI R SR AR A &
T2 BN o AR PSR R A G L A
FHRARMGREIAYATIRAG  ZERR A 9 SRR
0.18~0.25 mm, FEIEREGE 300 g, ZEHUE /) 30 MPa,
REEURE 45 °C, ZEHUKHE 120 min, CO, & 15 L/,
BRI HER T ARG RN 1.024%; FEfHE?)
FI B I S AU Tk T KRR R B B it AT
PEHL, RERAAENERIRIRE 0.425 mm, okl
100 g, ZEHUE /7 20 MPa, ZHUERE 35 °C, AEHUN[A]
120 min, CO, it & 20 mL/min, & KT ARAGET
135N 2.929%, BRiMT, CO, FE K. HEE 1. #7
EL BT a2 R I ST A A B L) ] R

BRI, A FEAEAR Gl SR AR A B |,
Mok 7RIk E, SR BRI ZEEGEE IR AR R ECE
TR IR R S RIG 5 CO, R fil, FF
K BT SCIRARE S R 7 1R — D R i A
FEHIG SRR CO, B AR JIRERE . ATRES S
Wb IR I FER AR A LSS, RETSZ) T CO, (1)
P, N T ARUSA, HEEANFEROI TR 5%
PETRIAT, WRIARD, WG NTHEEAR
AR RE, AW TCEAT T ONESEE, RS
S guf i, MR DUER IR RGEEAT T
L.

1 MREEE
L1 AR5 0E



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.2

[0}

B 1 ERFARRBRRLE NS
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Fig.2 The diagram of experimental device
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Fig.3 Effect of extraction pressure on extraction yield
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Table 1 Analytical performance
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it A kAs () ERED L0 L0GT R RS o o o
AT EEF  A=37.60+1.6 0.9999 0.12~800 41.00 122.30 2.61 342
XKFD A=26.2c-4.5 1.0000 0.16~100 52.90 160.20 4.75 3.38
AvkFEEL  A=37.7c-32 0.9998 0.18~200 63.40 186.20 337 3.02
FRT B A=39.2¢-3.6 1.0000 0.08~100 27.30 80.80 5.85 7.63
Lok FHE  A=84.7c-4.8 0.9999 0.06~200 21.30 60.80 5.72 4.08
ZhleE A=4.8c-1.0 0.9998 3.00~200 990.20 2992.80 4.63 4.07
hekFLE A=43.6c-4.5 0.9999 0.14~200 45.40 135.40 2.71 4.04
AekFAE  A=35.1c3.6 0.9999 0.14~100 49.90 145.80 1.97 3.11
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2 fnertEmEER
Table 2 Recovery of spiked samples

XUl e E/(mg/g) AAFE/(mgg) A E/(mgg) EKE/%  RSDA%, n=3)
Aok FEET 4.62 0.93 5.47 91.40 223
XKFD 0.38 0.12 0.48 83.33 0.78
AkFEET 1.75 0.45 2.19 97.78 0.59
BokFE 0.13 0.04 0.16 75.00 5.36
AEkFHE 0.54 0.12 0.64 83.33 1.51
ZhfgE 3.02 0.84 3.79 91.67 3.65
AEkFCE 1.42 0.38 1.76 89.47 3.52
AR T RE 0.13 0.04 0.16 75.00 1.56
% 3 LB
Table 3 Analysis of real samples
AAHh/me/e) ﬁi% ﬁﬁﬁ) (§§;> (Egé) ﬁ$$ REATE BAAT HAATH
ARFEET  4.6240.12° 5544012  4.36x0.15 4.84+0.11  0.61+0.03 472 0.61 425
XkFD 0.38£0.02 0.47+0.01  0.34+0.01 0.41£0.01  0.13+0.01 = - 0.33
ARFEEZ 175001  223+001  1.51+0.09 1.9240.05  0.47+0.01 1.70 0.45 1.12
ARTE 0.13£0.02  0.14+0.01  0.15+0.01 0.14£0.01  1.37+0.13 - - -
ARTFHFE 0542002  0.524001  0.57+£0.02 0.43+0.02  1.35+0.19 0.52 2.29 0.93
2R fEE 3.02£0.02 241+0.15  1.72+0.19  2.55+0.10  3.34%0.12 - - -
AkFCE 142004 1.0120.04  0.91+0.04 1.1240.05 ~ 0.14+0.01 1.15 0.12 1.81
AvkFAE 0.13£0.02  0.12+0.01  0.14+0.01 0.12£0.01  0.11£0.01 0.13 0.09 0.14
EAEZ 11.99 12.44 9.70 1.53 7.05 10.36 5.29 10.31
E:oa, ARERE, n=3; b, BF LAY R EmagtamizE R,
a 5 b 1
250 3 4 100 |
200 - 1 80
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50+ 20
u 6
0 — s 0 .
0 10 20 30 40 0 10

min
9 KRIsRIMERBR
Fig. 9 Chromatograms of the standard solution
E: B oa HFaoRBapisg; Bb G, LERTEYT, 2.XKF D; 3ARTEL, 4545 TE,; SEARTYEL, 6240
#; TARTLE; 8EKRTARE.
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5 SRESCNFE TR T, PRHUARIE . SEIREE RN 3
B, WHTCR R AL TR T R IR R & B RO,
BRI S B e T R R T,

B, A[IATIL 4.36~5.54 mg/g, EHAER TR T25H
HIFRENERSY o BEAL, ToIe R AL TR T8 2 5 TR T
TEFR TR R ERAMMEA USSR IER B AED
(FEER T TH , ATEFT AT 45 R 5 SCHRIOE 1 72
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Table 4 Comparison between the proposed method and other methods

2HTH Bk P WokRIGE P ARG P Ak
AAFEET/(mg/g) 4.71x0.17° 0.737 455+0.12 0478 4.54+0.15 0.511 4.62+0.12
XAKF Di(mg/g)  0.37+0.02  0.404 0.3240.01*" -~ 0.032 0.29+0.01*  0.020 0.38+0.02
AR FEEC/(mg/g) 1.72+0.11  0.803 1.68+0.02*  0.014 1.65£0.01*  0.011 1.75+0.01
A% FEH/(mglg)  0.11x0.02 0425 0.06£0.01*  0.007 0.05£0.01*  0.003 0.13+0.02
ARFFE/(mg/g) 0.52£0.01 0320 0.41£0.03*  0.001 0.44+0.02*  0.002 0.54+0.02
ZAREE/(mg/g)  3.06£0.19  0.735 291+0.16  0.373 2.65+0.16 0.299 3.0240.02
BekF CE/(mgg) 1.51£0.07 0.289 1.36£0.03  0.465 1.35+0.01 0.476° 1.42+0.04
ARFARE/(mg/g) 0.12+0.03 0382 0.08£0.01*  0.033 0.06£0.01*  0.019° 0.13+0.03
Heon 2/ 0.25 0.5 0.5 5
SIS B2 50% LB 50% LB% IR CO,
7% A= /mL 25 mL 25 mL 25 mL 9 MPa
FHEL/(g/mL) 1:100 1:25 1:25 1:2¢
RIXET 8] /min 20 1 120 30

E: oa, EBE, n=3; b. *, BRIk, BRREMRER

3 Zhig
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