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Optimization of Flash Extraction Process and Antioxidant Activity of
American Ginseng Flower Polysaccharides
KANG Zhongyu', ZHAO Daqing', YAO Jiajing’, ZHAO Liming', HUANG Baotai’, LIU Li*", QI Bin>"

(1.Jilin Ginseng Academy, Changchun University of Chinese Medicine, Changchun 130117, China;
2.School of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China)

Abstract: Objective: To study the optimal process conditions of flash extraction and antioxidant activity of American
ginseng flower polysaccharides (AGFPs). Methods: American ginseng flower (AGF) as the raw material, the effects of
extraction voltage, liquid-material ratio, and extraction time on the yield of AGFPs were explored. The flash extraction
process of AGFPs was improved by response surface methodology. The scavenging effect on DPPH and hydroxy free
radicals and total reduction capacity of AGFPs were determined to assess the antioxidant activity of AGFPs. Results: The
optimal extraction conditions were determined as 130 V of extraction voltage, 30:1 mL/g of liquid-material ratio, and 100 s
of extraction time, resulting in an AGFPs yield of 11.12%+0.23%, which agreed with the model prediction. The AGFPs
exhibited significant scavenging effects on DPPH and hydroxyl radicals, with ICy, values of 1.34 mg/mL and 1.42 mg/mL,
respectively, and had a certain reducing power. Conclusion: These results suggested that flash extraction was an efficient
and rapid method for obtaining AGFPs from AGF, and that AGFPs had promising antioxidant potential for further
applications. This study can provide a theoretical basis for the development and application of AGF.

RS EHEE: 2023-05-26
EHEWB: BRELALAR (2021YFD1600903 ) 5 AR K3 A 41#01 Ll 255 %150 B (S2022101990308 )
EERIMT: Be& (1991-) , 5, MEHRA, FFR T 61 P HH RS LI AW HACBALE 7 SHF R 5 T4, E-mail: 91136795 1@qq.com.,
RIS A (1978—) , 4, Wi, 81448, BT é1: 25 7 E M4 R 5 H7AF 4, E-mail: 68734263@qq.com.,
iR (1978-) , B, ¥, 3%, HHRF 61 R Z I L 5HFS, E-mail: qibin88@126.com,


https://doi.org/10.13386/j.issn1002-0306.2023050278
https://doi.org/10.13386/j.issn1002-0306.2023050278
https://doi.org/10.13386/j.issn1002-0306.2023050278
mailto:911367951@qq.com
mailto:68734263@qq.com
mailto:qibin88@126.com

S R ]

R |, 4 TRESES RN ASIR L S S AR T - 185 -

Key words: American ginseng flower polysaccharides; flash extraction; process optimization; antioxidant activity; response

surface methodology

PU¥EZ (Panax quinquefolium L.) A HJINEF AN Z
JB Z AR AR, 4 NAETES: | VEEE NS,
HARMIIRA, W R DI, PHrESE=Fm
FEIMEE, H) il T iE R s B AR, =
JEfE A E, FET 20 42 70 4540, FEAIL, &b
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[LEESIN NG SN a1 DS E 2 Il
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BRI L, FLEAT SR IBGH BEP L B () 45 AF AR A
HLEL ¥ Z W H T2 S AR ST is
INECHR B ER B 2 A0 Z 4%, FIFH Box-Behnken
mie 7 TS, O35 H VE PR S A W A B PR ICT 20
PRV E AT, PR RS IE BRI & SR
P ILAT
1 MR5RE%
1.1 MRS

PEYESAE 3 MRA (1 LTl Ve R = P A S
2022 4F 8 A yRkik, #t5: 20220810-1; DPPH. Hiik
IMAR (Vo) BB %HE  43bral, 561 Sigma A H]; —
TR TCKEENE . BT ALER . 28y . — &bk, S
KR, WeERTRSE B arirsl, kb T .

FA1204B TRV iR SRS A RA
Al; JTHBE-50S ZU[A RS AUl S RBH A BRA
Fl; UV-2550 24b-A] DL Tt AARE RO F];
Centrifuge 5804R = .0> 1  f Eppendorf 2\ #] ;
ALPHA 3-4 LSC basic #T#L fEE CHRIST A #l.
1.2 LWHE
1.2.1 VEEES MM ZHENNRIRIR PHESAET
45 °C ZMF R I E, B aik At 60 B, FR
WP HESIER AR 20 g, Il A 95% L BE 200 mL, T
80 °C Z&fF FnIyE 4 h, ZREML T/, BUPUTFESAETR
5, AN R, LAKCA SR, AR SR 28
Sty K w7 e R A B TR R, B E R R L k)
Lb . PRI A R BRIBOR B . PRI RS TR, DERE
JEHHR ZE 50 mL, sevage LR I —IK, FJG/K 2.1
VET 2 2R SRS ECR 80%, 4 °C BT

S, B DR, ML 2 HOGRERR, 16 BRI
i, VR R T)E, BIAS VU EESAER Z0E
1.2.2 PHEES SR NE
1.2.2.1 FHZEEAREINER M2 PR a2k FR
BUIC/K #4954 10.00 mg, EZE T 100 mL &),
SrRFEL 0, 0.2, 0.4, 0.6, 0.8, 1.0 mL Fo{ESIAE
F, S AINEBE FRANEE 1 mL, - PEREE —
o AT 0.5 mL 6% ZEMEIAWR % 2.5 mL
iR, MR, HE =R, HESNTT WAt
FEASASIAE AL TE 490 nm Ak B SCRE, 188 Al A 17744
MR L, DAARBR A G RE, 20 ) A Za) Ml b vFE R £ 0L
LR AR R y=12.305x—0.0225, R*>=0.9997 ,
PEEESAE M 20 & 20905 : B 0.1 mg/mL Pg
VESAERH ZBERS U, FRPEARE 00 e A R0 7 PH T
SACH 205 RO EAE, IR YRR vl i £ 15 = pk
1222 ZBHERMIITHE PSRRI IHTT
T

EAHEC = — X100

K. C: HE R P EPHUREE, g¢/mL; V: B RRER,
mL; m: PHEESAE G, go
1.2.3 PAPRESLLE R 1.2.1 A, FREVEHES
WHIK 20 g, DK HEFISEA TN HREL, ZE A A 42
B R VRCRHEE . BB ] S RO B PR E SR
WSS o FEA TR DN 3R SCI0 5 4], & 4505y
A FEECHE R 130 V., BCkEHEE 3001 mL/g, FEHUS
[E] 100 s, $EEUREL 2 K. PHHESTEZPETRBOR 2
Ve VSRR . BREE . BEDTAL B S 1S 2R 2 hE, SR
FH 1.2.2.1 e VEPES L2 BEH R .
1.2.4 ) AA DGR PE A S LRI S5 PE7E
SAEZBEPEBUA IR R I LE R, LAVHTES PR
AT VAR, P SR ECR R | ROk L L HRERU TR =
X VGEES AL NSRBGS0, 3852 0 PR 22 FlIZK S
L1,

1 MR U R R K

Table 1 Experimental factors and levels of response surface
AF : :
AP (V) Bk (mL/g) CHLHURTA] ()
-1 110 20:1 80
0 130 30:1 100
1 150 40:1 120

1.2.5 FHHESIEZHEPTEALTS PR E
1.2.5.1 VHEESAEZHENT DPPH M B L5 568 119
ME  ZRESCER [21] AT E P FES AL 20
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X} DPPH H 305 KR 3. FRE— &R E WP ES
ZWERE R LA ORI Ve, S BlBEd DS 0.1, 0.4, 0.8,
1.2, 1.6, 2.0 mol/L MIFE R . HERHEEE 1 mL 7§
VESTEZWRE S DA BOKEE Ve BRI TRE
A 4.5 mL 0.1 mmol/L #J DPPH &R IR G, G
J% 30 min, 515 nm ¥R PEEESAE ZHRE 5 DA
ROKHEE Ve B CEE . FESXT DPPH H it
W BRAE AR LA R AT
DPPH H H & TE R (%) = (1 - %)x 100

A Ag. AL A, SRR XT IR G . SRS
R4S ARG B
1.2.5.2 PHEES AL [t 3L BRae o il
R PHEES e 3k 5 H3EATERR R, SR8 —
RAEEPEATINAEPY . B 0.75 mmol/L 48 — & AE
1 mL F1 0.2 mol/L PBS ¥ ¥ (pH7.4)2 mL T4
L A IR B AR S S MR ST, I 0.75 mmol/L
FeSO, % 1 mL F1 0.025% H,O0, ¥ 1 mL, 1%,
37 °C KUV 1 h, 536 nm Pl AR 5 W 6 RE(E .
| mL ZEIR/RACE VU PES AL SRR RS TRV E S 25 Xt
REZH, 1 mL ZEEKICER 0.025% H,O, IS MEE M
X HEZH, PHEESAEZBERE T ERIE A R IR BRI
‘ im0, A=A
PRI H IR (%) = A A,

o Ag. AL A, ST AIMRERZS FIXTIRLH . 2R
AhZH . AR RELH RO RE(E
1.2.5.3 PHEESIEZPERBIERE I E S HEC
ik [23] tPEY7EE, B 1 mL NG T eSS b s
W, 4T B A 0.2 mol/L # 8 £k 2% v %5 & AN
1.0% PS5 ALBNAER4S 2.5 mL, FGEIRE], /K 50 °C
JZV 20 min, FREBIS I EZZIEE, i H4sn
A 10% =4 LBRIEW 2.5 mL, .08 FIEWK 2.5 mL,
A 2.5 mL 288K A1 0.1% =& Ak#k 0.5 mL, JR47,
M HAE 700 nm PERAEOGEEE, LIZRIRAKACAE
S ERTRREH, Vo S BHMEEXT RELH, # R LU AT
RJF T

M=A, —A,

b A ARESIROCRE(E; A, X REZH GRS
1.3 B

T VEPESAE RIS R =K., 1B
FH Design-Expert 8.0.6.1 44X V4 2 4 2 HEHEHL
T EBARIAT AT, VEEES e TS TE T s
EIF]FH GraphPad prism 8.0.2 #A4F5E K.
2 FER55Hh
2.1 FEFBSHSBENNENERRERER
2.1.1 $RHCHEXT 2SR5z & 1 nlHElL Py
HES A Z B R AR PR R 70~130 V 197 LN

x 100

BT 5, o AT AT RS B A F R T, TR aUER
A PN B U1 ] g e, 55 U1 55 m, i TRy U1 7Y
FEMA, VARSI Dy th U7 (HJE i 130 v
I, Z2PS R R R, T RE R S, B H RS,
TR HNER, PEHES AL /)N, Z20H e e 5
BRI, PEOUES AL TR, it
EFE 110, 130, 150 V HLRFEA T/e 220,

11.0 =
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10.0 |~
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o 9.5

S

R 90k
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Fig.1 Effect of extraction voltage on polysaccharides yield of
American ginseng flower
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2.1.2 WEEXT PR R E 2 ATHL S
BHEE AN 2001 IR 30:1 B, PHPESAE R A1
IO, MRS 3001 mL/g B M SRR, 2
JEVEFES AL NS TR IT UG T 5%, v RS E oL
RGN, S20 T ES IR G, ITTASF T 226k
M, SRS PIS R NI, TSR b
AIREST, BRI I RERE R, 1EYE R AR G118
VEES L2 AR RN, BB 2011,
30:1 FM 40: 1 mL/g YE MmN ALK .

11

7 [ 1 [ 1 1 (]
0 10 20 30 40 50 60
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K2 OB P S E 2 S 3R 1 520
Fig.2 Effect of liquid to solid ratio on polysaccharides yield of
American ginseng flower

2.1.3 REUNRIXT SR mgsgm s 3 nlsn, $8
A Ta) 15648 40~100 s, B2 FEICATA] B, vEvEs
BT R R I FFHass, $REETTRICY 100 s BJ1523R
fere, ZIE AR I AR BB, S Hr vl BRI s Sk b
PEEET R I, PEPESHE A MG 2, T PU e
SACE NS LT, (AR PR U TR RS2 AT K, (A
PRI PN IR EE RS 0, T VS Ve S A 208 o, DAt
PEE 80, 100, 120 s FHATIFLLIATR2,
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Fig.3 Effect of extraction time on polysaccharides yield of

American ginseng flower

2.1.4  $REIEOS 2Ry & 4 w1, v
PESAEZ IR REE PR BB IS IS, 2HRH
YBCH 2 IRITPUPFES e MRl T e . Uil
B2 RIS, PHESIEZHE D IR RS E 4. H &
A 1) S AR TR, Fe a4 2 R i AP O K .

1
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S

o 9F
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Fig.4 Effect of extraction times on polysaccharides yield of
American ginseng flower

2.2 MNEARCAFSTE SRR LI ZRESER
221 RIGEITHFRALGER SHNNBREPEES
fe AR SIS 45 0, DAIN R B | BOREEE
PEEURHE] A2 R 22, B8 Box-Behnken 56, LAPH
BRI NH . BT T RS RILEE 2.
2.2.2 [EJUIAERY G EEST K AT R 2 Bk AT
A, A R TR A Oy R A 2P R=11.18—
0.27A+0.068B—0.24C+0.25AB—0.051 AC—0.15BC—
1.14A—1.10B*—1.41C?, Wl i 1T [B] Y= A5 U Jy 22 43 #r
SEHR L 3.

FHER 3 ATLAE H, iR P<0.01, FRHA N (H
22, BN . A REEXT TS
ZEREAS SR ISR MR R/ N Ay PR ECHR, > H B sk
E>oek btk . AR P H > 0.9906>0.05, 156 B ALY
BUALT, AR AAFAEIRA 3R o AR [ P 230
R’=0.9933, PHHE U E R EL R, 7=0.9874, UL T Er.
TN RS g i a2 SCERERZ IR DA 26, AT AR FH AT aisr.
FIRSSRST PE P S 2R TR BT 25 it fk, A5
— IR A, CIikFEIH W (P<0.01), AB ik Z] i FK
F(P<0.05), 45 R ZE BRI P PESAE 2SR )

methodology
KIS ARREGHIE Bk CREUNTE  PUPESIELNEIEE(%)
1 1 1 0 8.97
2 0 0 0 11.34
3 0 -1 1 8.69
4 1 0 -1 8.07
5 0 1 1 9.13
6 0 0 0 11.32
7 -1 1 0 9.01
8 0 0 0 11.16
9 -1 0 8.35
10 0 1 -1 8.35
11 0 ! ! 8.49
12 -1 0 1 9.25
13 ! ! 0 9.39
14 0 0 0 11.04
15 -1 0 1 8.91
16 1 0 1 8.65
17 0 0 0 11.02

*3 BT 220 Mk

Table 3 Variance analysis of response surface quadratic

regression
FERIE  FHM HEE ¥y Ffi PlE
A 22.15 9 2.46 11555  <0.0001"
A 0.40 1 0.40 18.76 0.0034™
B 0.036 1 0.036 1.71 0.2321
C 0.33 1 0.33 15.42 0.0057"
AB 0.25 1 0.25 11.74 0.0110"
AC 5.54x107° 1 5.54x107 0.26 0.6257
BC 0.084 1 0.084 3.95 0.0873
A’ 4.49 1 4.49 210.88  <0.0001"
B’ 4.18 1 418 196.13  <0.0001"
c? 6.81 1 6.81 319.96  <0.0001"
B2z 0.15 7 0.021
RAUIT 5.64x107* 2 2.82x107*  9.50x10°  0.9906
alitR 2 0.15 5 0.03
BB 2230 16

T+ FR 22 Tl B 25 P<0.01, * R824 57 B P<0.05.

SRR T % 27K (P<0.01) .

2.2.3 maREEARSAT IR S ATLAE S, SR R
FBOR L . SRR R R BT (8] LA A2 WA B AN B E
sk ] g P 51 252 1749 5 AV P i 7 1 1] o b e 2 AR s
JE R, H A 2R P H R A (R, Da I 5 >
K2R AE B AR X PSR 2R R 5, H
AR HR RO, R AR} U R ] 22 4 38 A i e R
K, S i R A T [P T T i B e, LA A X PE S A
WA R AR A T

2.2.4 RALSISUESCES e N oA T A5 2 f
AEPEECAAE Sy BB R 127.75 V, #OBFEE: 30.24:
1 mL/g, J2HUHHE]: 98.31 s, PAEESAE ISR Ny
11.20%. ARIFIZERIFOL, PG ERECT 222540
PEECA R : 130 V, Rk Lk: 30:1 mL/g, $2 BT[] .
100 s, TEVAHE S S50 25 36al L, V-7 3 IR T 2556
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Fig.5 Response surface and contour plots for the effects of experimental factors

ESLEG, 1S BN PEVES L 219 5N 11.12%+0.23%.

LA 11.20% AHZEF/N, UL AR AU AT DASE - Hb,
JZWPEPESAL WP G R, 2 T2 T fe 5 3, [A)

B, S A5G0 K RE SR VU VS AL Z A LeAR™, Z 0%

15R M 5.72% $2TFE 11.12%, P55 3] H 42
Tt 7 FH DA 2 Bt i R i 2 e T H2 HH ], A e

FEHAR HIN SR BOA IR B eSS Ae 2R nT T8 5

SRR PR RIS R

2.3 WEEFEBSESERNMENEN

2.3.1 DPPH HHZLEMRAES W& 6 s, MVEE
Sk Z B W EAE 0.1~1.6 mg/mL 5 Bl N i, Xt
DPPH [ H B35 B RBEE VU TR S AL 2 MR BE
Jiniisg e . AH SV ES L PR E T 1.6 mg/mL
B, AR 2R, SRUIPUVESAEZ Xt DPPH H H 5y
15 BRBE 1B WA B AN . MPE RS LT R

2.0 mg/mL Bt, H DPPH [ H 378 5% 558 3k 31 de oo {EL
A 61.48%. 1Cs, {H N 1.34 mg/mL, 5 V. A LR
KA. (AR S PEPES 2RI AH L, PEVESAE 2 PR
DPPH [ Hi R BREE ) 20 T Pa v S 2L fnt 20k
Xt DPPH [ HZEMIEERAE 1P,

150 -
-V,

s -~ TUTES LN
£ 100
#
b
H
I 50
jan
2
o
a

0 ]

0.0 0.5 1.0 1.5 2.0 2.5
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Kl 6 PETESIEZNE DPPH H ALk
Fig.6 DPPH free radical scavenging rate of American ginseng
flower polysaccharides

232 FREEAMBEERAEST Al 7 AIAL PUEESAE
ZOMERYRRE B PR R T BRSO B 2 R N T AN
WG I, ELBE A VU TS AE 22Uk S 1 vy T B AR 2%,
RSN 2.0 mg/mL B, X R AL [ il JE TS BR AR IA
FIREEN 60.01%, ICs, {H M 1.42 mg/mL. {H5 V.
AHEERSCRA AL . SPETESZEFIEAHLL, PUTESAE 2
WXL i BERYTE BREE ) SR TS 2R £
BEXTERRE i BETE BRAE 1R,
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