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Optimization of high voltage pulse electric field assisted
extraction of ginseng aqueous extracts
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Abstract: [Objective] This study aimed to improve the extraction of ginseng aqueous extracts assisted
by high voltage pulsed electric field (PEF). [Method] The effects of electric field intensity,number of pul-
ses and material-water ratio on extraction yields of ginsenoside,ginseng polysaccharide, AF and AFG were
tested based on single factor experiments. Then orthogonal experiments of the three factors at three levels
were conducted to optimize the extraction process and the yields were compared with other methods. [Re-
sult] The optimal conditions of PEF process to extract ginseng aqueous extracts were electric field intensi-
ty 25 kV/cm,number of pulses 10 and material-water ratio 1 : 30. The yields of ginsenoside, polysaccha-
ride, AF and AFG were 0.98%,7.20%,0.19%,0.11% ,respectively. All the yields were higher than other
methods. [Conclusion) The extraction process had been optimized and the PEF technology can be used for
extraction of ginseng aqueous extracts.
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N2 (Panax ginseng C. A. Meyer. ) A 1. i1 B}
ZARERAIY) . S A B 2 SRS . T
JCH VAR A B A o Jeh K PR sy B
TR NS B E RS R N AR K
240 B O 9 0 WL AR5 xR BR A AR R A
FHES A 58 0% 0 i i 20 IR A S M W B DPPH [
HI B s NS e P 2 A AR ] R AE - L 38 HA 1R
TP BRI AR I BR A B R A AR T R — Rl R AR
PRI R 5 NS oK v M 1 RS 2R SRR T (AF) K
R VUHE H (AFG) & A 2 Lk A8 v 1 4 o 1
(Maillard) J i AE B - o A AR 4 1 OR 38 J2 Bit A1k
TR T I A 1 2 B T A R e AR
NS WK PR3 FF T ROR 2 8 NS 19 LR A
FHEE . (R Rk b S 32 B (PEF) 2 38 3 0 S1 A% 4 24
IO JE A0 A0 L PN 0 B IR A R S I ) PR
FARE e B 43 e OB U R A L T AR e 4
W7 ¥k PEF YA BB 5 4 M OR B 52 RO v A 3% 1
Gy ARBESE 2% KK PEF M FAS R
T 20 AT 1 AFG 2 FhoK i P2 8003 19I55 4 1B
X H T EZH0T 10k & 765 KR 52
NZIKEEA SO 1 P IR il N2 19 255800
GEIU Ry SN

I R RS DR

L1 # #

NZ (Panax ginseng C. A. Meyer. ) 3% H 75 #k
POAS 9 N A A i b, 28 5K d B B8 3 O 4 4R N
SR kst 0. 074 mm i 55 1.

ANZ B A Re br i 5 (52 20121034, 4§ JiF
9890 Wy K% 56 AR W H AR A B 7l 5 46 4 B A v
Al it 52 20120308, 4 J& 98, 86 %0) W H 5t M 1t K
BABRA W] s AF bR dh Fl ARG B 5 o8 35 PRl
R e oE B S e % A il 42 HPLC ikl s Ho4l
JER 9T %

oK CWE AWy IR A T L OE T R A
TP | = L S L TRORR A TR R N . 1 DR O A 4l
VY RN
1.2 (#E5&E&

B A%, SPD-20AUV/ VIS 50 & (H A5
HATD s Venusll-AA SRR 73 # & FIAE  BUIH FEHT
FHEAT IRZS A 5 v s ko i 3 3 35 RO 2 52 3 %8 B
il s D100A %tk s I W 3 22, B ¥l 75 i I PU AR T 5
JEAAR FE % i T 2 3 LB 3 A R 2 W] s PL 303 HY
TRV B AR AR 2 A A R A H 5 5 Ah-mT

UL 606 BE i A 5 A i A e A BR 5341 28 vl 5 2

O ML b 22 55 BE 2 ALER T S I kS KQ-

250DB A, B 1L A P AL AR A PR A

1.3 H &

1.3.1 PEF ##BRAAKEKRRS G LR ERXE
FRECE T NS A By 5. 000 g, InZE 18K 5

Fie B A B9k Cg) Wi (mL) B B A) . L 10

mL/minf¥ Ji BT A0 H R

(1) A 37 588 3 % 42 TR 1 52 ) . JIEL P 3 0
A 10,15,20,25,30 kV/cm, ik v 508 10, B & L h
130 PEATHR L, 3R BUK 2 4 000 r/minEg.0> 10 min
13 EIE W Wi g 0 L AR ST-1

(2) Bk B SR ORI 2 . 4 BBk w4,
6,8,10,12, LA 25 kV/em,  BHE LR 1 ¢ 30
HEATHRE, B £ 4 000 r/min &> 10 min 15 |
T W e 4 % T Akl S1-2,

(3) k¥ HE T 45 B 1 52 . 4 BRI EE
1:10,1:15,1:20,1¢:25,1¢:30,1: 35,03
925 kV/em, ik oh B 10 3E 47 42 B, 52 O &
4 000 r/min B.L> 10 min 15 b 75 W . % 46 % . 1543t

A S1-3,
1.3.2 MAZRRASKEMERS WKL

B NS KR B 5. 000 g, 437 10 % & ) 7K 3l 2
PEHL 2 R, B YR 30 min,5 000 r/min &[> 10 min 5
R e A A T AR S2.

1.3.3 RBEZERBRALZKEMERS KERE A4
P AS AR B 5.000 g, 43 SHERHE L 12 30
A ZE K AT 7S B2, B R RS ] 24 30 min,
5 000 r/min g.0> 10 min 13 35 W 48 2 H . 194t
il S3,

1.3.4 AKedFssemz™ (DiRMEZLN
22l PAANZ B Re fr il b BT & B2 o B 78 &
() W) Ry 28 2 il b o Ml 26 76 544 nm B IR
S () 43 W 5 #2 y=15. 007 32—0. 012 4,
R*=0.999 1,78 A\ B4 Re 5 & 7€ 0. 04 ~
0.16 mg/mL MR R,

O FEFEBEE R I E o K b3 5 ST S1-
1.S1-2 1 S1-3) . S2,S3 J3 51| I 43 i1 ik B2 /K 4 #1 1E
TEEARRAET 2 WK T2 ZEBORAE T A H R
2% 25 mL, IFE 300 pL F3055 b I K P g
T AT B 800 1 FLE L BEVR K 0.5 mL,
PR FR 50 726 B BR W 5 mL, 60 “C /K m
15 min, B H FE E R E I E 544 nm N AROGEEAE
PR 2t AR A S B & i,
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1.3.5 AL SHEA T A" (D ARifER A
gl o LA 250 B v O T R VR B O A B A () L 78
KR 25 I 490 nm T A IROG BE(E () 2 il bR
YRR y=17.045 72—0.003 3,R*=0.999 0,3
W & B AE 0. 02~0. 12 mg/mL T X R RIT,

(2)FF S W6 BEAE A o K k3K ST S1-
1,S1-2 F1 S1-3) ,S2.S3 435l in A JG/K W v, i 5
RF R3] 80 % LL B, 78 4 °C & FILE 24 h,
SRJG 7 000 r/min B.0> 10 min 35 3 . 15 2B IE .
FHZEBK S R UITETS Z WV W . R B 2 B v e
ARBUAS 5 PR 1 mL, 3857 I i iR 5
mL 8% 5 min, # F 10 min J§ F 8 KB L 20
min, B A 2 =R 7E 490 nm Lb e H WO EEAE , 1
RGP HE LT B ST AS 2R S &
1.3.6 AF % AFG &3l 2 (DX IS E K
MIATA o o3 5RE B PRI AF F AFG fRifE i 4 mg.,
A 4 mL 2K GRGH S, 1 mL T & .08
I = O BRI 100 p L AL 51 5 UR R R &
i 50 LRSS TREIRKE 1 h, BMARC
f5 400 p L, PEFELE 10 min, BUF 2. 0. 45 pm
VB MR L g B 20 p L HERE AT

() FE S ATTAE o 23 HIRG BRI 4 mg fEsd
fh S1(5% S1-1,S1-2 1 S1-3).S2 H1 S3. /A 4 mL %
TEAKIRAT . A b3 Xy BT A 7 ik AT AR B

)% s, Venusll-AA Z LR 70 Hr & F A
(5 pm.4. 6 pm X 250 mm) . AR 40 °C ., K % K
254 nm, it 3 AH Sk I R A 28 vh AR IR T (A I 80246 &
i (B) ity 1.0 mL/min, #EAE &2 20 pL, YEME
FEF:0~4 min,0% ~3%B;4~16 min,3% ~10%
B;16~20 min,10% ~20%B;20~21 min, 20% ~
100%B;21~31 min,100 % B, @& WK 1,
1.251
1.00F
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Wi N A /mV
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0.00 D I \— s _/”/‘\2 -
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0 1.0 2.0 30 40 50 60 70 80 9.0
{& B i [B)/min Retention time
a. AF bRdES AR B B[R] 4. 735 mins b, AFG R e S .

{5 B2 B[R] 5. 935 minjc. PEF B4R LA Sk 55 1. AF;2. AFG
a. AF standard,retention time 4. 735 min;b. AFG standard, retention
time 5. 935 min;c. Samples by PEF method; 1. AF;2. AFG
Bl 1 AFAFG bR it NS HE il 0 35 1

Fig.1 Chromatogram of AF,AFG and sample

1.3.7 ERXEEF  FERR RIS EM LR
LGB IEZ K. U AZS BT ANS ZH.AF Al
AFG $2BUR N bR % B 358 B Bk o BORTRE (@) )
(mL) H 3 AN 2 B B8 K ATtk . I E K
Wit 1.

£l ASKERUERNLGHESRBRAR

Table 1 Factors and levels for L, (3*) of ginseng aqueous

% Factors

W7k T/
K (kV +em™ 1) fkab % K@ W (ml)
Level Electric field Pulse Material-
intensity number water ratio
A B C
1 20 8 1:25
2 25 10 1:30
3 30 12 1:35

2 BERSH

2.1 ABKBYRDIZHERRARER
2.1.1 w7 A RBREGHa  mIE 2 afHL A
2 Z2 Bl B R B R HL 37 0 114 4 5 5 B )
POAEFER IR 25~30 kV/em B . A S 2R
BCRMEAR; NS B AF 42 PR B 37 08
F1% 145 500 247 52 B0 ST K ek v A, HLAE H 3
H 25 kV/em W35 2 ok AFG 42 B3 2 B st
JESE T e B AE 25 kV/em B R, ZRG 4
Tob s 1) i AR AL A R N O L AR L 5 R 25
kV/cem i .4 RS S BOR B A X8

8

S
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Fig. 2

Influence of electric field intensity on

4 ginseng indicators
2.1.2 FRoPHTRBEGHa HIE 3 WA kb
ol 10 B A S 20 IBCR B W & T b ik o ok
Y kop Bl 8~10 B, AS B RECRI B & T
A bk b AR Ak B s AF 2 B B 25 ik b 0 35 in g
RAR AN s AFG 4 B3 il 45 Tk o 50174 388 im 8 1k 2
IR SE 1G5 v 1 B AE K B 10 B B IR i
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Fig.3 Influence of pulse number on 4 ginseng indicators
2.2 PEF #REBASKBVHEXRRBER
R A5 B PR 2% 30 45 R AT L 2 L 3 R R Oy 25
kV/cm, kb B 100BHE L 12 30 I, A S

NS Z PR I s NS 1T 4R O BE B BHR L
WRERGEAG LI BEH 1 30 A FT 2 R iR
s AF SR IPCR B I N5 A a3 AFG $2 1
=SSN E oY R R D IR R Y SR (R S A N
CER RN R 1 30 B A 3E
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Fig. 4 Influence of material-water ratio on 4 ginseng indicators
H ASZHE AF K& AFG 2 BUSCR 84 35 st b 17
Lo (3%) IEAC IR E - £ 2R 3% 2 F13k 3 o .

%2 PEFARBASARHIZEHNETHBER
Table 2 L, (3%)orthogonal test results of PEF method to extract ginseng extracts

[H & Factor

I/ % Extraction ratio

5 B Bk BRI sy P
Test number E ectric ield Pulse aterlaliwater Ginseng {\ Z Eﬂ:r AF AFG
intensity number ratio . Ginsenoside
N polysaccharide
A B C
1 1 1 1 5.21 0.71 0.13 0.07
2 1 2 3 6. 34 0. 94 0.12 0. 06
3 1 3 2 4.98 0.68 0.14 0.09
4 2 1 2 6.71 0.74 0.17 0.10
5 2 2 1 7.10 0.92 0.15 0.08
6 2 3 3 6.17 0.72 0.11 0. 06
7 3 1 3 6.23 0.53 0.08 0.05
8 3 2 2 7.17 0. 88 0.11 0.04
9 3 3 1 4.52 0.48 0.09 0. 06
ABLpE R 5.51 6.05 5.61
Ginseng k2 6. 66 6. 88 6.29
polysaccharide ks 5.98 5.22 6.25
R 1. 15 1. 66 0. 68
ki 0.78 0. 66 0.70
AR k2 0.79 0.91 0.77
Ginsenoside ks 0.63 0.63 0.73
R 0.16 0.28 0.07
k) 0.13 0.13 0.12
k2 0.14 0.13 0.14
AF
ks 0.09 0.11 0.10
R 0.05 0.02 0. 04
ki 0.07 0.07 0. 06
ko 0.08 0. 06 0.08
AFG

I
o o
o o
w G
oS O
o O
SN

0.06
0.02
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Table 3 Analysis of variance for ginseng extracts
s/ RS I3 2875 F SREEpE ; -
Comﬂf(j:ition Soufces of Sum of squares Degrees of Mejg{galue I“Flfﬁle Siiﬁir:m
variance of variance freedom

JCT2 A 2.014 2 1. 007 11.125 *
Ginseng B 4.118 2 2.059 22.754
polysaccharide c 0.863 2 0.432 4.770
) A 0. 048 2 0.024 7.817

(}J‘\iié%ﬁide B 0.147 2 0.074 23.785 *
C 0.006 2 0.003 0.978

A 0. 004 2 0.002 25. 857 *
AF B 0. 001 2 0.008 2.286
C 0.002 2 0.001 13. 000
A 0.001 2 0.001 2.680
AFG B 0. 000 2 0.007 0.520
C 0.001 2 0.001 1.120

e« "RE A BE 1 (P<<0.05),

Note: * indicates significant difference at P<Z0. 05.

R ANFN I SUE SN F 2 PN LS R
BRI 5 ) e KL AL EE X AF R AFG 1 $2 BUR
AL NS ESU PN F 2 273 &S U AN
WHh B>A>CL 2T Z UL AB.Cy A Bl s XA
Z: AT SR R 52 0 R/ MRS B>A>CL 2 HUT
UL ALBC, d145 B s W AF il AFG 32 BOCR 1Y 52
M A N IR g A>C>B, AF 42 T. % UL A, B, C,
ABC, G EA: AFG 8 IUT AL A,B Cy 5
ABC HAETRIF. HEH T 2Z0ra R’ GR 3HH]
A kRO NS 2 R R I 22 e B 2 L At
BRI T 25 R HL b R N S 2 H R
AF SREBCEE Mm% . 5% 2 MR 3 LA . 8
8 E FURL R FL B A, F G, KT Bk op R B, K
S R B T4 O ALB.Co. B ISR IE N

25 kV/cm, fk bR 10 BB LR 1+ 30,
2.3 RRERIZHRIE
H T 2 A AR A AR I A g o
e ALB, Gy 5T #EAT 3 ICEAT IR KA S
LR RBCE R 7. 20% . NS BAF IR ECE R
0.98%, AF FH#EHAR K 0. 19% , AFG ¥ #iE Bt
N 0. 1106, ¥y F 1 38 3 56 v i g5 B L
FE AB, Co Jhy B AR 4R BT 20 454 BRI R 37 5 BE Oy
25 kV/cm, ko 10 BB A 1+ 30,
2.4 BEFARBAENASKBEWRNENLILE
LA PEF X NS H iy 4 ROk VE ST SR 0
55 R FURE 75 I 4 B HEAT LR A R AR
4, HFR 4 AT H0, PEF 3460 NS & i 43 1 4 B
IO T J L A0 R

%1 TARBAETASEM ASEH AF R AFG REEM LS

Table 4 Extraction ratios of polysaccharide, ginsenoside, AF, and AFG by different extraction methods %
WOy Ik NS Zh NS B AF AFG
Method of extraction Ginseng polysaccharide Ginsenoside -
PEF % Method of PEF 7.20 0.98 0.19 0.11
A3 1 Method of decoction 1.94 0.22 0.01 0.02
# 7 P Ultrasonic method 5.42 0.58 0.03 0.01
RUE 1 B A 1

3 HiwhHitie

ALBUNZS NS ZHE AT fl AFG 2
BCR N IEAR . %58 T PEF 3% ol 3798 B | ik vp $0 0
BHBLE 3 A~ PR X NS K 5 Wy 42 BOR 19 32 i) O i
17 L2, KB 5 2R 8K PEF B2 A 2K
RV BT Z iR 25 kV/em, ik £ 10,
BHE L 1 = 30, MR 254 F . 36T PEF SRR I A 2
BH AZZHAF 1 AFG R BRI i & T

AF 5 AFG By NS Tk b= A iy 9 o
MAEsE NS h e AF Fl AFG. N2 ML 2 40t
Qb BT HATAE 9 22 28 Bl ol 2 B 2 SR E R Kk
MEhL A SN HE TR B AF R AFGHY B gE W],
M PEF 519 AF 2R 2/ T AFG $2 UK, PEF
T A BRI 1) S5 R O 3304 CHL B AT DA HEBR
HEEXT AF Jo AFG & &2,

A% H PEF L3 NSt 2 50 A 28080 -
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NSRBI NS ZH AF K& AFG, {6 T #1561 #2
WA RORAE T T A O8I AR IR AR AR 25 1
i TERE VAR B . 205 ] B A 3 A e
B9 K7 20 2158 00 W IR » A 2 B s 23 L HL
XA BRI WA AR L AR E S T R A
PEY) JBAY B2 30 O AT T AR [ N S T s 5 Y R
Mo 5 R MR PR AR OIS AR L R BK o e 3 7
A B AR B A LA ARG L 4R A TR RE I L, & 4x ]
FE R — MR BOT I .

[ £ %5 >0k ]

(1]

(2]

(3]

[4]

(6]

(7]

(8]

(9]

BB, KRR, R A, F NS B 2 AT T ok
[JJ. AR 25,2009,40(1) : 164-166.

Li Y,Zhang T J,Liu S X, et al. Ginseng chemical constituents
and pharmacological research progress [ ]J]. Chinese Herbal
Medicine,2009,40(1) :164-166.

Cheng F,Liu Y,Ping L,et al. Total saponins of panax ginseng
inhibiting human endothelium cells’damages induced by angio-
tensin [[ via AT1 receptor [J]. Journal of Ethnopharmacolo-
gy.2011,138(2) ;439-444.

Aravinthan A,Kim J H, Antonisamy P, et al. Ginseng total sapo-
nin attenuates myocardial injury via anti-oxidative and anti-in-
flammatory properties [J]. Journal of Ginseng Research,2015,
39:206-212.

Chen W, Dang Y J,Zhu C Y. Simultaneous determination of
three major bioactive saponins of Panax notoginseng using liq-
uid chromatography-tandem mass spectrometry and a pharma-
cokinetic study [J7]. Chinese Medicine,2010(5):12.

Lee Y,Chung I,et al. Activation of multiple effector pathways
of immune system by the antineoplastic immunostimulator a-
cidic polysaccharide ginsan isolated from Panax ginseng []].
Anticancer Research,1997,17(1) :323.

i te. N2 Z 8 s if tk Ryu ogiAF (D). K& AR LI
K2£.2010.

Ni W H. Ginseng polysaccharide immune activity and antitu-
mor effect [ D]. Changchun: Northeast Normal University.
2010.

Wang L.Yu X, Yang X,et al. Structural and anti-inflammatory
characterization of a novel neutral polysaccharide from North
American ginseng ( Panax quinquefolius) []]. International
Journal of Biological Macromolecules,2015,121(74) :12-17.
Sun Y. Structure and biological activities of the polysaccharides
from the leaves.roots and fruits of Panax ginseng C. A. Meyer:an
overview [ J]. Carbohydrate Polymers,2011,85(3) ;:490-499.

Ping S, Chen X, Sun P. Improvement of antioxidant and moisture-
preserving activities of Sargassum horneri polysaccharide enzy-
matic hydrolyzates [ J]. International Journal of Biological Mac-

romolecules,2015,74:420-427.

[10] A= RS X A4 . 46 205 i A 48 2 B K2 0 7™ 1 #Y

WE5E [T i E 2524 45,1999, 24(5) : 274-278.
Li X G,Zheng Y N, Liu M X, et al. Red ginseng processing

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

products of maillard reaction and its research [ J]. Chinese
Journal of Traditional Chinese Medicine, 1999, 24 (5): 274~
278.

Lee ] S,Kim G N,Lee S H,et al. In vitro and cellular antioxi-
dant activity of arginyl-fructose and arginyl-fructosyl-glucose
[J7]. Food Science and Biotechnology,2009,8(6) :1505-1510.
T DB A RE 2L Ay e L S R I K b S %l B £ A 4R
BEFHERLEAMMHR U] A LHERS5H L, 2011,
40(5):1-3.

Wei H C,Wei Q L,He ] H,et al. High-voltage pulsed electric
field assisted continuous ethanol extraction process conditions
of gardenia yellow pigment research [J]. Journal of Chemical
Technology and Development,2011,40(5) :1-3.

JAMLZE, B BE, SR, AL He Tk ol e 3l 1 B O Ik 2
T2 [T A HUbR 42 2014 (S1) : 236-240.

Zhou Y J,He Q,Wu D F,et al. High-voltage pulsed electric
field assisted extraction of mussels polysaccharide process op-
timization [J]. Journal of Agricultural Machinery,2014(S1);
236-240.

Loginova K V,Vorobiev E, Bals O, et al. Pilot study of coun-
tercurrent cold and mild heat extraction of sugar from sugar
beets, assisted by pulsed electric fields [J]. Journal of Food
Engineering,2011,102(4) ;340-347.

R TS WA E. MO RN EWES & P AS B
1 [T, 224, 2007,19(8) :68-70.

Wu B X, Lai Z L. Ultraviolet spectrophotometric method de-
termination of ginseng total saponins in American ginseng loz-
enges [ J]. Journal of Strait Medicine,2007,19(8) :68-70.
R R BRI A ER IR R IE AN S 2 MR T
2 [J]. A H24,2012,43(2) :283-287.

Song L H,Xiao W,Lu L L,et al. Orthogonal test optimization
of ginseng polysaccharides extraction process [ J]. Chinese
Herbal Medicine,2012,43(2) :283-287.

B N TEA R LR R BME 1 CAT) B L0l PR 25 B %
PEWFSE [D]. K2 Mgl R, 2013.

Zhao T. Artificially synthetic of L-arginine (AF) and its sin-
gle indican anti-diabetic pharmacological activity research
[D]. Changchun:Jilin Agricultural University,2013.

JAl AL ) e S ok e o, 37 D 4R TR W O MIEL A 1) 4 T
BORWISE [D]. KA EFMORE 2014,

Zhou Y Q. Use of high-voltage pulsed electric field assisted
extraction of egg yolk phosphatidylcholine effect research
[D]. Changchun:Jilin University,2014.

Sui Q,Roginski H, Williams R P W, et al. Effect of pulsed e-
lectric field and thermal treatment on the physicochemical and
functional properties of whey protein isolate [ ]J]. International
Dairy Journal,2011,21(4) :206-213.

Loginova K V,Vorobiev E,Bals O, et al. Pilot study of coun-
tercurrent cold and mild heat extraction of sugar from sugar
beets,assisted by pulsed electric fields [J]. Journal of Food
Engineering,2011,102(4) :340-347.



