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New Methods for Separation of Crude Ginseng Saponins

Ji-Young Shin, Eon-Ho Choi and Jae Joon Wee*

Department of Food and Microbial Technology Graduate School, Seoul Women's University
*Korea Ginseng and Tobacco Research Institute

In order to increase ginsenoside content, to reduce chemical change, to shorten extracting procedure, new meth-
ods of extraction and fractionation of crude ginseng saponin were established and compared for their chemical
composition. Those are hot MeOH extraction/n-BuOH fractionation (BuOH method) and hot MeOH extraction/
Diaion HP-20 adsorption/MeOH elution (HP-20 method), which are already known methods, and additional three

new methods:

hot MeOH extraction/cation AG 50W adsorption/H,O elution/n-BuOH extraction (AG S0W

method), cool MeOH extraction/Diaion HP-20 adsorption/MeOH elution (cool extraction method) and direct
extraction with EtOAc/n-BuOH (direct extraction method). AG 50W method provided a crude saponin showing
the highest content of ginsenosides of 61.5% and the lowest contents of protein and free amino acids of 0.93%
and 0.19%, respectively. The protein content was the highest as 14.18% in the crude saponin by HP-20 method,
while free sugar content was the highest as 13.5% by BuOH method, indicating that these are factors that lower
the rate of ginsenoside in crude saponins by those methods. On the other hand, it was revealed that AG S0W
method produced large amount of prosapogenins during the pass through the cation exchange resin (AG 50W)
column being strongly acidic. Crude saponin from direct extraction method showed relatively higher composition
of ginsenoside Rg, and Re. The results suggest that contents and composition of ginsenosides and other chemical
components in crude ginseng saponin greatly depend on the condition of the extraction and fractionation.
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3% tHFig. 1, Method A).
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BuOH F&& o]%-‘ EE: Cation AG 50W= £ 2%
(©2.5x35cm)ell FA3 ©- 1N NaOH(200mL), 1 N HCI
(200 mL), SF4(500 mL)S A= 7)she W@WJ <
off gholjriel e o R AL 70% methanol FEE 300
mLe] FgNE EAXZE 2 the B 300mLE 8332

o] £33} p-butanol 300 mLE BFZU71¢] Hak g A3}

A EEo] g8 & AAst §7)8viEs B3S s
%2 p-butanol 300 mLE 33 wHE =519ttt -
J3} A}

AFFES g FAE =4

10

L 2 ol Jk: ol

M‘:]’ E“S
ButanolE 900 mLE

e

l

5

2] 167
Ginseng powder
- extract with 70% MeOH at 80°C
- concentrated with evaporator at 60T
70% MeOH extract
!
Method A Method B MetLod C

= Conventional solvent - Diaion HP-20 column ~ Cation AG-50W column
extraction

1. defat with ether

2. saponin extraction

with n-BuOH

1. Wash with H:QO 1. saponin elution with water
2, saponin elution with MeOH Z extracted with n-BuOH

Fig. 1. Procedure for separation of crude saponins from
ginseng.
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A AR A8¥ 0.1 N HC $949 mL &
B: X189 48% 0.1 N HCl £9¢] mL 4
f: 0.1 N HCl £<99] factor

W: AEZH(g)

FolueAt 2 fElotuidt B4 & i AR AAE: F
olmi=Ake] 9= 7mL vial]l ZAREY 100mg 6 N HCl
1mLE Y3 222 bubblingdle] T2 SAF AAY T
o A1:3] sPlE w3 105°CelA 2022 A7 B whRAJZI
T A JF oA ARAIA FFRF LT & IN
NaOH 5mL%+ 1N HCl 5mL, H,0 10mLZ 843}% o
2HIEA] AG S0OW(00.8X4 cm)dl] FFAA FAAZL &
10mLE A& ¥ 45N NH,OH 5mLE §&38l9 7y
T HE 100pLE 25 Foluit BHAER ARE
Atk 2 ofr:eAte] A= ZAREY AR 200 mgE B
of &AM F Fo)l2uBEA AG S0WE o] &3] Fo}
et A E2A BT Y HHoR AT

ofr|:=Ate] TLC £4: Folv)=it 2 frEjopu]alhe] Al
B2 3% 100pL=Z 3} silica gel TLC plated] Sul® 3
Hatgity. A7levlE CHCL/CH,OH//N NH,0H@:4:1)E
AREEIE S M 19 ninhydrin/ethanol& 53] 110°Cel| A
1087 gha st

ol)iite] GC £4: Fobu|iat @ flopu|eat AR
E Tslam?} Darbre’¥2] WY = Knapp™e] #el =} 2
& 7]F3tolA AZAIZI F 3N HC/MeOH 05mLE ¥
100°CoIA 308:7F ¥HEAIZ) o Za 7]5 doA AzA
71 & TFAA(trifluoroacetic anhydride) 200 pLE ¥, 140°C
AN 1087 A7 ohd & JRSHe] ARA F
acetone 200ulLE FL3ATE AHEE GC N1FL v
Hewlett Packard 5890, column fused silica capillary SPB-
1(025 mm 1.d.X30m, 0.25 mm thicknessy2 AME3IJIL, &5
= 80°CollM 582 fAIRE & B9 5°Cy] HEE 280°CHHA
F2A A

FE7 B4¢ 98 AR AXNY: A=Y AR F 10
mgE $F5 1mlol| 83JAA C, Sep-Pak(Waters)®ll F3HA]
71 & 2mLe] FRFE FHNA ZA& ZIFIA HE 1
mLZ 3l TLC, HPLC B4 A8 AMgsln).

#2939 TLC £4: #2l5 AEE silica gel TLC plate
o 15uld FHsNRT A7E 2= n-BuOH/CH,COOH/
ethyl ether/H,0(9:6:3: 1)Z AFE3IHoH @ drafrjeke. o
naphthot- 78 ¢ 110°Celx 1087+ 7183} Lt

32 HPLC £4: %ﬂ%ﬁ XNEZ 045pum membrane
filter® o7 ¥ HPLCE #23¢ #4384t Column
NH,(¢4.6 X250 mm), flow rate= 1.2mL/min, mobile phase
£ CH,CN:H,0(17:3),*" detectore= ELSD(Evaporative
Lights Cattering Detector)S AH&-3}51 T}

HsA e TLC ¥4: A EY 100mgs 74
10 mLo) &3X17 TS ethyl acetateS 10 mLA¥ 23] 7}3}o]
F23 U2 4718 vEo] 1N NaOH 10 mLE 7}5l 2+
AE-S FE3). o] ¢ZE|EE pH 3028 H F ethyl
acetate SmLE W3 AAA EE TS ethyl acetated S &

—_

RO

el A TR B T AF 200l 3l silica gel

TLC plated] 10pL® AA3ATE AAE9I 2= toluene/ethyl
acetate/ HCOOH(S : 4: D& AH&-3tglen, WA Folin-
Ciocalten ] 2F(Sigma)g AH8-3}3it.

% phenol®] HMAF: AL AR lmgd THT 1
mLol) £3lA17] ¥ Folin-Ciocalteu A1} 2mL¥ Na,CO; 7

2 9 v ALdA 2A17F XS & 765 nmel A F
Fe2 23800 BFEARE gillic acidE AMIIE LW
% phenol EH 9 %2 gallic acid equivalent{GAE mg/L
WWHIE Jepigoh

Zn  nF

ZAPEL B vl

QatRazRE F& fu9 FFY 2%, A F
& 52 923 od A WE, & o] gEiRl el 2
& MeOH $%/n-BuOH £33 (BuOHH)# & MeOH F
Z/Diaion HP-20 §2/MeOH -&-&% (HP-20%) 18]35 £ 4

o AZo] AxH PO FE L MeOH FZ/cation AG
50W FF/M,0 $3/m-BuOH FEHAG 50WH), &<
MeOH %% /Diaion HP-20 &2/MeOH 4-&9 (25
EtOAc/n-BuOH A FEHoZ EIT AEUY &S
B23 A3= Table 13 ZTh AG 50WHe] 79 ZALEY
o] ko] 42%24 S/HA AEWHE F M %o
EtOAc/n-BuOH AH F£9 A$= 17%= 7P 2 AL
& 4 J&d, ol o] EF £rie] FA°] n-butanoll] ]
AoEes ve gi eE 448 Aotk 4 AEdS
Z5o) wet AgE el 7t ), ginsenoside Ra, 52
571, ginsenoside Rb,, Rc 5-& 47, ginsenoside Rg, &< 2
7, ginsenoside Rh, &2 HRA old] W} F/30] IA o
2t} webd] F2) wel F5E 3 ginsenoside®] “3Th
zAL aA €3 F Ao

ZAIZY ZF ginsenoside ¥ HIAMEHS| ME H|I
Ginsenoside: THsl 714 whido g 2A3 ZAEW £33 9

TLC A7 Fg 28 7ol uehrh BuOHE 2 #e23

ZAREU ] 79 ginsenoside Rb, ©}filli= ginsenoside Ro®

Table 1. Contents of crude saponins extracted from ginseng
under different conditions of solvents, ion exchange resins and
temperatures

Separation method Content (%)
A 31
B 2.8
C 42
D 23
E 1.7

A. Separation through hot MeOH extraction/n-BuOH fractionation
B. Separation through hot MeOH extraction/Diaion HP-20 adsorption/
MeOH elution

C. Separation through hot MeOH extraction/cation AG-50W
adsorption/H,0 elution/n-BuOH exiraction

D. Separation through cool MeOH extraction/Diaion HP-20
adsorption/MeOH elution

E. Separation by direct extraction with boiling EtOAc/n-BuOH
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Fig. 2. TLC profiles of crude ginseng saponins separated from
ginseng under different conditions of solvents, ion exchange
resins and temperatures

S: authentic ginsenosides mixture, A: Direct extraction with hot
MeOH/n-BuOH fractionation, B: Separation through hot MeOH
extraction/Diaion HP-20 adsorption, C: Separation through hot
MeOH extraction/cation AG 50W/n-BuOH extraction, D:
Separation through cool MeOH extraction/Diaion HP-20
adsorption, E: Direct extraction with EtOAc/n-BuOH, a:
Ginsenoside Rh,), b: G-Rh,, ¢: G-Rg,, d: G-Rf, e : G-Rd+Re, {: G-
Rb,+Rc, g: G-Rb,

2 ginsenoside Ra,, Ra,7} EA15}3 9128 Hp 202
2 2AREU-e BuOHH o gk AU giAlR vl
¥ TLC Ee9el S Vehlidith desayos Eeg =
AFEL ginsenoside Rb, ©]3}o| 4] malonyl-ginsenoside Rb,,
Rb,, Rc ¥ RdZ FHHE spotd & F AU o] W
W 7R ARG 22 0 S sl Bl &
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&= #AolA Rb, Rb, Re, Rd ¥ Rg9l ¥5H-9] C,
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ginsenoside Rh,, Rg, ¥ Re 59 WA} =7} Jooz =
A vdehte oz Hol o] e ofs] ol 1-37F A%
" ASA Atxdo] FE FEEASES € F AT ol
o] ZAlof|A A EISe] malonyl ginsenoside, prosapogenin,
ginsenoside Re 2= Rg, 5 A3 534 wg} d3le AE
Ve AFeE gol €& F Ae FEWHE AT &
o ¢ 5 Utk 7 2AMEY F ginsenoside TS A

o]

AR
g F 7 ginsenoside”} APX|3kE ¥1EES ARG A= Table
28} 7t} ZAIEY £ & ginsenoside?] ¥I&LS AG S0WH

o

o2 RHIFIAL W 61.5%=A 7FF =kem, A%<l BuOH
Hit HP208 9 7S 2+ 5233 549%2M 2599
A¥ 555%F FAFSE ¥1E-S YERAIY. EtOAc/n-BuOHZ
AR FZ3 2ALEUY] e 247%FA AFEY o]9]e] A
Az FHE o] Bol gREd &g & & UM
(Table 2).

Zeld g oluliAh: UAIZER] W o R Fed RAME
H Fo) EAsks 2uA $Fe 243 A3 Table 301
VERG Bhe} 7o)l HP20p o waEl 98 ALY Fof
14.18%2 HA3HA =ton, AG 50WH] A 0.93%,
EtOAc/n-BuOH AHFE FAIZUL 054%= AFRY & 2
Gl gaFo]l wl wkth EOAc/k-BuOH %9 73§
Table 1914 B & 3l%o] AAEUL FE5& 27}t vloeng
WA 7Y snimola] AARehd, 478 W F AG S0WH
07 B3 ZAEY 580 42%E 7MY owAE o
WA Fae 7Pg A vEhs A 02 Hol o] Higo] th
WS VRS AL R EYE M Y e
UHds & & 9ok

ZAEY F fe oplxAlat TS 6N HCR A7l
Eallsle] A& ofmity {2 oprmAlS R Foluxe
A TLCS 23 Fig 33 2T Zobn|=Aite Rf 0.62(a)
oAl phenylalanine, Rf 0.58(b)°l*] leucine+isoleucine+
tyrosine+methionine, Rf 0.51(c)oll 4] valine, Rf 0.32(d)el Al
threonine+serine+glycine+alanine®] EZ|¥|.0™ tIFE2] spot
o] HP20M o2 Eadt 2AMEUoA 73iA vepd Ao
Hol FolminAtn 71 wol RSk o= FFET AR
H 2] falopuiz2ke] 749 Rf 0.62% phenylalanine® ZA
HP-20 0.8 Bad RAIEY Fo £3] ®o] E4sk= A
o7 & 4 U

HellA TLC EAlo] ARESE AlEF HF-E FHote] AR
H & Foluxal 2§ otk GCE AES A
Table 49} 7¢] Fobn|:=iTgrgke HP-20M o2 g 2A

o
T
o
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Table 2. Contents of ginsenosides in crude saponins separated from ginseng under different conditions of solvents, ion exchange

resins and temperatures

Separation Ginsenoside (%)
method” Rb, Rb, Re Rd Re Rf+Rg, Total
A 110 8.0 6.3 37 8.4 149 52.3
B 9.6 7.4 8.2 2.8 10.1 16.8 54.9
C 12.5 3.8 10.7 3.6 9.1 16.8 61.5
D 11.3 94 84 2.6 102 13.6 555
E 47 3.6 15 1.8 54 7.7 247

YNotes are the same as in Table 1
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Table 3. Crude protein contents of crude saponins separated
from ginseng under different conditions of solvents, resins and
temperatures

Separation method" Crude protein(%)
A 737
B 14.18
C 0.93
D 5.81
E 0.54

DNotes are the same as in Table 1

Zdo] 7.35%, BuOHY FRALEWO] 517%, AL52H AL
Fdo] 1.42%, AG 50WH FALEHo] 0.59%2] <2 e
wom o]2§ Aie HP20HoE B3 AR Fo
zghlg el ol g T4 Jehd Aol dXgith A
9] olmAte QY B T F4ME AER ANt B
s A$rt giRRely o BARE B B Aot
o] ZALEY FollA 43 AIohs B Ao|7t S
& F AATH = o9} w2 gAZ F4te) A T4l &
FolruieAke]l 24 % arginine(58%), glycine(8.2%), lysine
(5.9%)s°] F83 T4 otulx=Atelgty BT A
F®e T4 F2EF FEoxAts A A lysined
HIZ3t] 1782 ISIEI 2 F arginine®] 70% °©1% &
etk B st 22y £ AFdlAE arginineS HP-
0o m st RALEY FoMut &A1t weta 9l
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ol =i-e BuOH'E, HP-208, AG 50WH Z28]¥ A
ez Hog Bs ZALEUINAN ZHzb 1.87%, 3.15%,
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Fig. 3. TLC profiles of total(upper plate) and free(lower plate)
amino acids in crude saponins separated from ginseng under
different conditions of solvents, resins and temperatures

S: authentic amino acids mixture, a: Phe, b: Ieu+lle+Tyr+Met, c:
Val, d: Thr+Gly+Ser+Ala, e: Glu+Arg+His, A, B, C and D: Refer
to footnote of Fig. 2
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Table 4. Contents of total and free amino acids in crude saponins separated from ginseng under different conditions of solvents,

resins and temperatures (Unit: %)
Separation method”
Amino acid A B C D

T P T F T F T F
Alanine 0.12 nd* 0.13 nd nd 0.04 nd nd
Glycine 0.17 0.06 0.25 nd 0.30 0.13 0.07 nd
Leucine 0.60 0.06 0.52 nd 0.14 0.81 0.13 0.07
Isoleucine 0.27 0.01 0.24 nd nd 0.32 0.08 nd
Serine 1.12 nd nd 0.24 nd nd 0.27 nd
Valine 0.72 nd 0.50 0.16 nd nd nd nd
Proline 0.20 0.19 0.49 0.04 0.04 0.07 0.10 0.04
Aspartic acid 0.23 0.19 0.77 nd nd nd nd nd
Histidine 0.19 0.23 0.35 035 nd 0.15 0.16 nd
Glutamic acid 091 0.27 1.52 0.59 0.04 0.07 0.17 0.12
Tyrosine nd nd 0.40 nd nd nd nd nd
Phenylalanine 0.55 0.79 1.29 1.70 0.07 0.27 0.20 0.20
Lysine 0.09 0.07 0.67 0.05 nd nd 0.23 0.16
Arginine nd nd 0.22 nd nd nd nd nd
Total 517 1.87 7.35 315 0.59 0.19 1.42 0.59

YNotes are the same as in Table 1
ITotal amino acid

YFree amino acid

“Not detected

S

A B C D E

Fig. 4. TLC profiles of free sugars in crude saponins separated
from ginseng under different conditions of solvents, resins and
temperatures

TLC plate: Silica gel 60 F,;, pre-coated aluminium sheet,
Developing solvent: n-BuOH/CH,COOH/ethyl ether/H,0 (9:6: 3
: 1), Spray reagent : o-Naphthol, S: authentic free sugars mixture,
a: gle+rc, b: sucrose, A, B, C, D and E: Refer to footnote of Fig. 2
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Fig. 5. TLC profiles of phenolic compounds in crude saponins
separated from ginseng under different conditions of solvents,
resins and temperatures

S: authentic phenolic acids mixture, a: p-coumaric+vanillic+p-OH-
benzoic+ferulic acid, b: gentisic+caffeic acid c: polyphenol, A, B,
C, D and E : Refer to footnote of Fig. 2
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Table 5. Free sugar contents of crude saponins separated from
ginseng under different conditions of solvents, resins and
temperatures

Separation method” Free sugar (%)
A 13.5
B 03
C 0.6
D <0.1
E <0.1

DNotes are the same as in Table 1

Table 6. Total phenol contents of crude saponins separated
from ginseng under different conditions of solvents, resins and
temperatures

Separation method” Total phenol (%)
A 1.0
B 22
C 03
D 03
E 0.1

YNotes are the same as in Table 1
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