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Abstract

Red ginseng tail roots (9.8 g water/100 g sample) were puffed at 7, 8, 9, and 10 kg/cm® using a rotational puffing
gun. Puffed red ginseng was extracted with 70% ethanol, and the concentrated extract was successively partitioned
with diethyl ether, n-butanol and H,O. Two unknown ginsenosides from puffed red ginseng were found at 63 and
65 min of retention time in HPLC chromatogram suggesting that chemical structure of some ginsenosides might be
altered during the puffing process. Identification of two unknown compounds was carried out using TLC, HPLC and
NMR. Two major compounds were isolated from TLC. According to TLC result, compound I was expected to be
the mixture of ginsenosides Rkl and Rg5, and compound II was expected to be a 20(S)-ginsenoside Rg;. Three
compounds were isolated from n-butanol fraction through repeated silica gel and octadecyl silica gel column chro-
matographies. From the result of 'H- and “"C-NMR data, the chemical structures of unknown compounds were
determined as ginsenoside Rg, and 20(S)-ginsenoside Rg,. Unfortunately, ginsenoside Rk, could not be separated
from ginsenoside-Rg; in the compound I. It was carefully reexamined using HPLC and confirmed that the last
unknown compound was ginsenoside-Rk;,.

Key words: red ginseng, puffing, ginsenoside, high performance liguid chromatography, thin layer chromatography,
nuclear magnetic resonance
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Table 1. HPLC conditions for using ginsenosides analysis

B3t A oF 150 goll 70% ethanol 208 & 7}&F H,
80°Col Al 8AI7F &3t F&3FH T} Kimble-filtering flaskell
funnel S 2383 o 34X (Whatman No.2)E& AF&3le]
ZES A H AFNE vE FFE F7)ol Fo
45~50°C2] 42| 4] rotary vacuum evaporatorg A3}

AES] HF APEo| 4go] HEF UYESFH(BCHI
rotavapor R-124, BCHI water bath B-481, Flawil, Switzer
land)3tSiTh. 5E AR 4g& /T 120mLol| o &
A Zt)7lo B3l diethyl ether 120 mLS ©3t U AlE
7]- =LA Ho]T:E. 2k 6‘:0%_,_ _;_ E2= J+ ether=0 &
3 o}

iﬁ} butanol 120 mL£ Ol ate] thA|
5 g w7 SAA T e 2
EZof thA "‘:-L_ﬁ‘r butanol
H ‘ﬂ%@}c’i‘jr TE]Q T3} Fekg
* F oA EeE wrt
A Azt FATE ol FA Al A
o]gA]Zl T rotary vacuum
evaporator(BCHI rotavapor R-124, BCHI water bath B-481,
Flawil, Switzerland)E AFE-3le] vl2E] &= F7]o] Y
7k s2ate] p-BuOH 23(1.14 0)S AT}
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Ginsenoside &4
Ginsenoside 42 W g 83l
Millipore filter (pore size 0.45 pm)Z ] 7}3+ & HPLC
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Thin layer chromatography

Thin layer chromatography(TLC)= silica gel 60
F,s,(Merck, Darmstadt, Germany), octadecyl silica gel TLC

+  DC-Fertigplatten =~ RP-18  F,;,(Merck, = Darmstadt,

Instrument Futecs NS3000i system, Dejeon, Korea
Column SUPELCO C18 (4.6x250 mm, 5 um, Bellefonte, USA)
Detector UV detector (203 nm)

Flow rate 1.6 mL/min

Injection volume 20 uL

Gradient elution

Acetonitrile (solvent A), Water (solvent B)

0-10 min : A-B (20:80, v/v), 10-40 min : A-B (32:68, v/v)

40-55 min : A-B (50:50, v/v), 55-70 min : A-B (65:35, v/v)
70-72 min : A-B (90:10, v/v), 72-82 min : A-B (90:10, v/v)
82-84 min : A-B (20:80, v/v), 84-90 min : A-B (20:80, v/v)
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CHCL-MeOH-H,0(7:3:1)& A&t AL, 2o A&
MeOH-H,0(4:1)S AF&-3th TLC 42 E2 HEdE
UV lamp(Spectroline, Model ENF-240 C/F, Spectronics
Corporation, Westbury, NY, USA)Z HAY, 10% aq.

H,S0,Z 253t & 71 ste] WAl opako bt

n-Saturated BUOH 2&| 222 E] saponin SIEfE2| 22|
n-BuOH ¥ (PHB, 1.14 g)= silica gel column chromato-
graphy(CHCL,-MeOH-H,0=17:3:1) 4A|3lo] 217 2] #3)
E(PHB-1~PHB-21)S 4t} 21719 EE F s19E
I[PHB-10, 18 mg, Ve/Vt 0.29-0.31; Ve 3323 &=8nj9
9 vt &Z° AFEg A §&8& vl 3, TLC60
F,,) CHCI-MeOH-H,0=7:3:1, Rf 057]% 233
PHB-163 -1723%S &A ODS c.c.MeOH-H,0=3:1)& 4
Alsted 1171 ¢] £3(PHB-16+17-1~PHB-16+17-11)S <1t}
o] % 3¥E I[PHB-16+17-8, 21 mg, Ve/Vt 0.4-0.65,
TLC(RP-18 F,, ) MeOH-H,0=4:1, Rf 0.2]5 2|3} t}.
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200 pm)(Merck, Darmstadt, Germany)2  AF&-3}$1 3
octadecyl silica gel(ODS) Lichroprep RP-18(40-63 pm,
Merck, Darmstadt, Germany)S AM8-3}%1t}. Nuclear magnetic
resonance(NMR)= 400 MHz FT-NMR spectrometer(Varian
Inova AS-400, Palo Alto, CA, USA)Z =% 3} 3, Infrared
(IR) spectrum-2 Perkin model 599B(Perkin-Elmer, Waltham,
MA, USA)Z A3, YHAZEE=
1020(JASCO, Tokyo, Japan)y= AH8-3}d &4 315
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Fig. 1. HPLC chromatograms of control and puffed red ginseng at 10 kg/cm’.
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Fig. 2. TLC of isolated ginsenosides of puffed red ginseng.
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time #< 71&9 F33 ¥wa] HS o, ginsenoside
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Thin layer chromatography

n-BuOH ¥ (1.14 gy TLC(silica gel 60 F,,,)ol 223}
RS o 7P 2 spot T VHAIE AT F AN,
+ ginsenoside standard®} ¥ ¥ 231518 wl ginsenoside
Rg¢F Rk,©] & spotell HAA UL £ spot 20(S)-
ginsenoside Rg,2h= 2AS <153 4 ASTh WA TLC
ZRE SFE 17 S3HE 15 sk thFig. 2).
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7= 24 3§ S5
<sheHE 1>
White powder (MeOH); m.p. 188-192°C [a]D® +4.7(c=1.2,

MeOH), IR(KBr, v) 3460, 3124, 2985, 1646cm’ 'H-
NMR(400 MHz, pyridine-d;, 3,); "“C-NMR(100 MHz,
pyridine-d, . ) (Table 2)

<s}etE 11>

White powder (MeOH); m.p. 175-177°C [a]D*-

5.3(c=0.47, pyridine); IR(KBr, v) 3410, 1645, 1076 cm”
'H-NMR(400 MHz, pyridine-d;, §,); '"*C-NMR(100 MHz,
pyridine-d, 3. ) (Table 3)

2 AgoM e sHEE 13 S8E 11 22 18 mg, 21 mg

< 0.75mL9] pyridine-d,oll FIA 40°Col A =4 5t
NMR 2=ZHEHS Atk 'H-NMRY| scan & 8 3|2
&3 PC-NMR2 10243] 2 stttk sh3h&E 13 1s
TLCO A8k, 10% S4+s 7, 718 & Hepior
A = 1t

20(S)-Ginsenoside Rg,(Fig. 3)= C3°l glucosyl 7] 27}
7 AgElo] I C200+= glucosyl 7171 §l= FHE 9
PPD AlGe] Alxdoln, 7]E Ql4te] $HirEolle PPD
Alge] ARSIl ginsenoside-Rbl, Rb2, Re, Rd2] C20¢]
AAE FEo] doll osf = o] HojA e A
AEE Aoz AdHEY Ginsenoside-Rg (Fig. 3)& C3°l
glucosyl Zt7] 2717 A=< = FelelA 5k PPDL}
PPTA|E o] At U EF= D] 2000 o|FA el A==
T FATxC Wt 9o, oot e FAFZE VA
3 Sl ginsenoside= ginsenoside F,, Rh, Rs,7} 1t}
Ginsenoside Rk, Ginsenoside Rg 9} vEzH7FA] 2 C39)|
Zb71 2707 A E F e o] A =k
ginsenoside Rg.ote= B TS T4 +2E 7HA AL ). o]
GA] 71 Z4dol S48k ginsenoside?] &4 7% 9} th=
o C2000 o|FAEE skt o 7HAIAL St olef e =
AFZE 7FA AL Y& ginsenoside ginsenoside Rg,, Rk,
Rs,(Sun et al., 2009)°] t}.

3}9HE 19] 'H-NMR(400 MHz, pyridine-d,, §,) =3 EH
oflAl  AAFANX = 879 singlet methyl proton
signal[8,1.82(H-21),  1.63(H-26), 1.59(H-25), 130(H-28),
1.11(H-29), 1.03(H-18), 096(H-30), 0.83(H-19)]3} THe]
methylene proton signal®] #Z%| %) tHTable 2). 2FA7}F X3
H FHol A= 1719] oxygenated methine signal[§,, 3.29 (1H,
dd, /11.6, 4.0Hz)]3}, 271€] anomeric proton signal[§,, 5.34
(1H, d, F71.6 Hz), 491(1H, d, 12 Hz)]°] #=HA3L, o|F
AT FGollA 2719 olefine methine proton signal[3,, 5.23

o] -
AT

glucosyl
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Table 2. '"H-NMR (400 MHz) and “C-NMR (100 MHz) data of
20(S)-ginsenoside Rg3 from the puffed red ginseng (in pyridine-d;)

Table 3. '"H-NMR (400 MHz) and “C-NMR (100 MHz) data of
ginsenoside Rg5 from the puffed red ginseng (in pyridine-dy)

No. S 8, (coupling pattern, J in Hz) No. S 3, (coupling pattern, J in Hz)

1 39.21 1 39.11

2 28.80 2 26.73

3 88.79 3.29 (1H, dd, J/=11.6, 4.0 Hz) 3 88.82 3.26 (1H, dd, /~11.2, 2.4 Hz)
4 39.66 4 39.68

5 56.31 5 56.31

6 18.41 6 18.45

7 35.29 7 35.15

8 40.19 8 39.97

9 50.69 9 50.35

10 36.97 10 36.90

11 32.18 11 32.03

12 72.48 12 70.81

13 50.96 13 48.53

14 50.84 14 51.67

15 32.59 15 31.33

16 26.73 16 26.84

17 50.38 17 54.74

18 15.80 1.03 3H, S) 18 15.84 0.93 (3H, s)
19 16.44 0.83 (3H, S) 19 16.38 0.79 (3H, s)
20 139.97 20 72.79

21 13.17 1.82 (3H, S) 21 27.08 1.40 (3H, s)
22 123.34 22 35.86

23 2742 2.78 (2H, dd, J=6.4, 6.0 Hz) 23 23.00

24 123.59 5.23 (1H, br t, /=7.2 Hz) 24 126.16 5.29

25 131.07 1.59 (3H, S) 25 130.59

26 25.67 1.63 (3H, S) 26 25.82 1.63 (3H, )
27 17.71 27 17.70 1.60 (3H, s)
28 28.80 1.30 (3H, S) 28 28.11 1.26 (3H, )
29 16.59 1.11 3H, S) 29 16.62 1.07 (3H, )
30 17.00 0.96 (3H, S) 30 17.02 0.95 (3H, s)

i 104.99 491 (1H, d, J=7.2 Hz) ik 104.99 4.87 (d, J=7.2 Hz)
2! 83.36 2' 83.33

3 78.23 3 77.86

4 71.53 4' 71.56

5 77.85 5 78.18

6 62.77 6 62.77

1" 105.93 5.34 (1H, d, J=7.6 Hz) 1" 105.92 5.30 (d, J=7.0 Hz)
2" 77.07 2" 77.05

3" 78.17 3" 78.24

4" 71.53 4" 70.93

5" 78.03 5" 78.02

6" 62.60 6" 62.64

(1H, br t, <72 Hz), 5.51 (1H, br t, 6.8 Hz)]°] #Z== 3
t}. ©]& "]Fo] triterpenoidell ©|F AT el AL, Fo| 282
A 22 4T 5 AT

3I9HE 19] BC-NMR(100 MHz, pyridine-d,, §.) =3 E
HollMe F 47t AFHUASL, AAPE dolr #3549
olefine quaternary carbon [d. 139.97(C-20), 131.07(C-25)]
3} olefine methine carbon [§. 123.59(C-24), 123.34(C-22)]

o] F signal2FE o]FZAFo] T 4 EAFS & F A
ATH(Table 2). AH47F X8kE FJoAE 270¢] anomeric
105.93(C-1"), 104.99(C-I"N1F ©¢
oxygenated methine, methylene signal®] #+Z% o] o] 2
2 AgEA AFS RIS, chemical shifizk O = F
B 3¢ 77} glucosedS sttt 28]3 go| A%
lo] AAgo R shifigh 3W carbono] §. 88.79 oA =

carbon  signal[d,
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E 3L, oxygenated methine carbon signal[§. 72.48(C-12)]
o] A=FHAUh IAF FHNAME T2 methylene
carbon signal3} 87119] methyl carbon signal[3. 28.80(C-
28), 25.67(C-26), 17.71(C-27), 17.00(C-30), 16.59(C-29),
16.44 (C-19), 15.80(C-18), 13.17(C-21)]°] &= AT} o]
el data=FEH o]  3IHES dammarane-type©]
triterpenoid )& IR om, "ol 282 AP
ginsenoside 2 anomeric proton2] coupling constant (7.6,
12Hz) S 2HFE B AFsIAES A4 + Aeh d+H
olxA4%e A% $1x= 2DNMRS! gHMBCE &<2l3d
o} gHMBC 2 E-o|A] 2] anomeric proton signalls,,
491(1H, d, J=72 Hz)°l aglycon®] 3¥ carbon[3.
88.79(C-3)]3} cross peaks R 3¥e] Fo] A<
g1t} Methyl proton signal[§,, 1.82(C-21)]0] &t 242
o] F A S, 139.97 (C-20), 123.34(C-22)]3 cross peakS
B3, 2702] methyl proton signal[§,, 1.63(H-26), 1.59(H-
27)10] thE 3 o] o]FATS,. 123.59(C-24), 131.07(C-
25)13 cross peaks X o|F AT A& AASIATE
ol THT A o] =L protopanaxadiol-type?]
ginsenoside Rg52 3 &4 3l tH(Kim et al., 1996).
3I5HE 119] 'H-NMR(400 MHz, pyridine-d,, §,,) =% EH
o] IAAFA M= 8719 singlet methyl proton signal[3,,
1.63(H-26), 1.60(H-27), 1.40(H-21), 1.26(H-28), 1.07(H-29),

0.95(H-30), 0.93(H-18), 0.79(H-19)]7 T2 methylene
proton signal®] #Z5 I tH(Table 3). AHA7t X 3HE J ol
A= 1712] oxygenated methine signal[5,, 3.26(1H, dd,
J=112, 2.4Hz, H-3)]3, 2719] anomeric proton signal[§,,
5.30(d, J=7.0 Hz, H-1", 4.87(d, J=7.2 Hz, H-1")]°] #=53]
a3, olFA% 99l olefine methine proton signall§,,
529(H-24)]°] #AZE At ©o]& T triterpenoidel] Fo]
2EA A TR 4T 4 AATh

sl3H= 119] “C-NMR(100 MHz, pyridine-d;, §.) 2~ E
HollM = F 4007 ASEASL, ARG Gl A5
olefine quaternary carbon[d. 130.594(C-25)]2} olefine
methine carbon[§. 126.164(C-24)]¢] F signal2FE °]F
Agtol sht EAehe & 4 AUATK(Table 3). A&7} 2|24
H FAollA= 27H€] anomeric carbon signal[d. 105.924
(C-1"), 104.994(C-1N1# ©}49]  oxygenated methine,
methylene signale] #5550 To] 282 A= U5
13} 3, chemical shiftghe 2 5-E T2 F/ 7} glucose
A eIt 2gal Fo] Agste] ARG RE shift
gk 319 carbon©] §. 88.824°A1 FZE UL, oxygenated
quaternary carbon signal[d. 72.794(C-20)]Z} oxygenated
methine carbon signal[§. 70.814(C-12)]°] &= ATt L
A JFN = th42] methylene carbon signal¥} 87112]
methyl carbon signal[5. 28.114(C-28), 25.824(C-26),
27.084(C-21), 17.704(C-27), 17.024(C-30), 16.384(C-19),
16.624(C-29), 15.844(C-18)]°] L= AU 0]/de] dataZH
B o] 31352 dammarane-type2] triterpenoidd 2 2135}
o™, Fo] 222 A9t ginsenoside= anomeric proton
9] coupling constant#}(7.0, 7.2 H2) S Z5-H B A3 2
o & & AUtk o AFLIA= 2D NMRSI gHMBC
2 st gHMBC ZHEZo|A] o] anomeric
proton signal[d,, 3.26(1H, dd, J=11.2, 24Hz, H-3)]°]
aglycon®] 3%l carbon[3. 88.824(C-3)]3% cross peakES 1.
3] Fo] AFsIAZS Ieleit ol T8 2
o] 3}3HE-L protopanaxadiol-type] ginsenoside Rg3Z
% 5739 tH(Wang et al., 2007; Dong et al., 2003).

(o]
o

column chromatography S HH=-3}¢]
gt olE F 5= s
Infrared spectrum F41 A3}, TLCOIA1<] Rfgt, HPLCOIA
9] retention time @ NMR Ho|HE A3} 123t 2
I F /Mgl SFEL 20(S)-ginsenoside Rg32} ginsenoside
Rg5¥& &1 o= Sk 53] 'H- ¥ "C-NMR H|°]E|
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£ HSQC ¥ HMBC$ 72 2D-NMR 23S E3le] O
< A 53T

2 ATE sEFRER sHIE/MEAE Y A
o8] AAFE FEe AHKGCMVP)2] A3}
20099 % AUty WY s AFIE YO 2 o] Fof
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