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ABSTRACT : This study was performed to enhance contents of low molecular ginsenoside using steaming and fermentation
process in low quality fresh ginseng. For increase in contents of Rg2, Rg3, Rh2 and CK in low quality fresh ginseng, a steam-
ing process was applied at 90C for 12 hr which was followed by fermentation process at Lactobacillus rhamnosus HK-9
incubated at 36°C for 72 h. The contents of ginsenoside Rgl, Rbl, Re, Re and Rd were decreased with the steaming associ-
ated with fermentation process but ginsenoside Rg2, Rg3, Rh2 and CK increased after process. It was found that under the
steaming associated with fermentation process, low molecule ginsenosides such as Rg2, Rg3, Rh2 and CK were increased as
3.231 mg/g, 2.585 mg/g and 1.955 m/g and 2.478 mg/g, respectively. In addition, concentration of benzo[o]pyrene in extracts of
the low quality fresh ginseng treated by the complex process was 0.11 ppm but it was 0.22 ppm when it was treated with the
steaming process. This result could be caused by that the most efficiently breakdown of 1,2-glucoside and 1,4-glucoside link-
age to backbone of ginsenosides by steaming associated with fermentation process. This results indicate that steaming pro-
cess and fermenration process can increase in contents of Rg2, Rg3, Rh2 and CK in low quality fresh ginseng.
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B2 A A|EE FAO0E B2 A7) o] FolA| AL
om iyl oake] AT A= ALEY AlQ] RA|xALo)
£ THEE BE At olFoA dedl, FE e H

2] FBAEQ] AL (Panax ginseng C. kst a3, FFA17A, 7199, Ssasuid 9 3 2Ed
A. Meyer) 273 U3} (Araliaceae)?] <14t ol &3l 2 5ol Fek B Fe B2 At EEHT e
thad 2257 24 AAFE T ookl ARgE ol vt Aol A g, & I 2, 7+ 71s AL, WA iy 75}'
E}ﬂ E S4HEeltt (Lee er al, 2011). 14He] BeElole & 59 thdet oFg] 8ol AF=HAL vt (Li, 1992; Singh
AE o] BlpdlEo] ¢ 60~70%2] =& 3RS 7IRT Q) et al., 1984; Benishin, 1992).

H7RE Frelekmnt oha} vizkaRlo g de] dA A
L=o]e gzl kg

_tt], 1 0]9]9l| triterpenoid saponinsg H]E3+ polyacetylenes, o|g1st QAo 2 HE] HojR= IHIEA] 4HES] ZA| AL
phenolic compounds, peptidoglycanss-2] %2 F3laL 3 ot Theket WS FElA S S Uk ] F=
ot (Lee ef al., 2011). 53], QlpellA LojRl= Fo Alg Hoegs 7|EAR EF 75 % Jdus F&3 U8 E B9
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AArle| 28 Ak WHsh 2ugk, 229, 95 Y
9l F2 W Bal AAmAllES

W 5= olg3d =94
AFEEZ A7) gk A3t o]FAR T (Jeong et al., 2009;
Jeong et al, 2005; Yu et al, 2005). AT ZA Al =
ZF AAL A APl = (GFE o] FoA= R &9 -H
T2 A717F e RAmAle]=) Rg2, Re3, Rh2, CK 52
FEA DA A= (FFFE o] FojX= R ZF -H
2 A717F 9 WAEARIE) Rgl, Rbl, Rb2, Re, Rd 5l
FA|3l= glucose, arabinose WA= rhamnose®] 7H=E3s&
ol Bt zhe AeAle|=rt Hed olHd Be] AgS
B-1,2-glycoside H== B-1,4-glycoside 522 EA|sk=t] T2
7FREE 71l thde] ol|AIZE Flel HAY &
A BAE FoA TSl Sto] AR Al =S AR
24 A=Al =2 ABIA|AOE ST} (Zhou et al., 2008;
Zhang et al., 2001). 712 A4S oyt S4HS viEs
gzl Y F S5 380 AF ARl 2HeE QI v
of EAlgte 3719 7FrEdlE = Sl (Doh et dl,
2007; Park et al., 2006).

PNEe] AHEE 2% TAL 18] 24 s T AR
o} ol Zdrahs B4k Az e 18 244 Aol
AEA A=Al Re3e] FEEL OF 042 mg/gl R v A
Sl SHrEe] AAL SN, T 43] o] HH el A &
A=o] F 93] F< 7HA OF 6.41 mg/goll 922 mg/gl 7 F
AEgz Bw3=EAdet (Jo e al, 2011; Kim and Kang,
2009). HAIRE 3719 S A oY W wEsh] s B
T 1Y oo Azl FQEty w2 2E A fA8
ofof 7] wiell oA|e] Famlzt EA s, Aol A
2} ZA Ao =] gfe] vhe Aol &4 dt) (Yang et
al., 2006; Kim and Kang, 2009). W&ty % 542 4
AL adsk] fEide S5 349 s 2o AAES
EYH Al AZA 2AAbel=e] S S3 AE
Ue 34| o] Fadk Aot

uebA 4719 S5 38 BRI sl flsiA
el EEARl 378 o] 88kl Boke AwAF A|Ap]
zo] Fhepo] Fxlo] golgk wa FAS &Y itk gE
FHL faktollA dojR|= B-glucosidase G429 A=
el KAl =] EAfshs Bl p-12 B p-14 S
eral Al R0 F1Ee] A7t Ho} A el
(Zhang et al., 2001; Choi et al., 2012). 3X|Tt 7|2 vt
T 3L HEE ok Aol Ha BEE FEiME IR
o] FAmAte]=e] Aito] ol @ido] EA) It} (Zhang
et al., 2001; Choi et al., 2012).
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WEE Te 2ATE G2 scaleupo] golal] He] F7}
2ol g vlg glolw vz go] shssith ol k.
EG, 7P FHS BYHOR AMgale] AuA EAE
W3t BA Azte] B4 A2 urk GHHOE ARA LA
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= odg

442 Ik g 2011 1099
T2t S 8l Fdske] A

. H71E &3l 2~3mm e
7|1E2 e & dEol ARgsislen, 5 3l AR
A B AP E A &2 IEs ARSI ke
as] f3l AREE ftETFE glucoside AFS E3lsk=
EAL 73 A= Lactobacillus rhamnosus HK-9 (KACC
11254P, Korea) @55 ©]&sl3ith. ER A= d72
BAo wjoky 239} 15% glycerolE E£§8le] —70ColA
7] B 3o, seed cultureE 93] = MRS HIA|
(Difco, Marylabnd, USA)ll &3ted 36T 271014 244]
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2. 5%, 25 U S5t 2N
% ¥4e Uzd e vhei2¥7] (Daechang
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& AIZL 3, 12707 A 23 AxA
st F 53] WHESIGY l

S 100CoAA 24X7F5F E FE3a, G5 FE939 F2
A4 e it EelE A e 80TollA] 244]
7HE0t 70% oErSE F=
AAA FHF F2AS AATE e dE= 1L flaskollA]
Ad siglen, Az 3k viA] FYLe 20%E Hol T
S E I wE 9402 MRS R[4 244]7F Bt 1
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CFUME AMg-stom, alofe wix]e] Faoid] 10% v
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&= de S0l 2t ool ZIMAD|lE HE 2 ST
1227F A4 =8 A7 385 132 A6t & 53 Z}zke] Algof e Wz e FEE AT Wy
HHEAA 4 vake At Ao 54 9kS MRS HiA o] FEL] F=E 1, 2, 5, 10, 2()ppbi Azxstar 7
T 20%E YL Lactobacillus rhamnosus HK-9 45 FNAS TR ZHste] 243U (Hu ef al, 2008). 4
AREsle] F719] Z71NIA 36C] =2 T2AIZF Bt Ml 71e] WMo dojxl Zpzte] A It FEE OF 10gS
= stk S5, 28 2 5 34 A2E gk FE49 As] gof YREFEY 1 mlE 7kt A4k someS 4
oJ3}= 918 Whatman AFe] 20 ~25 pm o3RS ARE-sfe] o S 5 WS AIA FHEE] 42 & BEAE ARSt &
= Bilom, ozt Al 7 ofFele] FEAS ofFsisinh A Z3 IS BEshe WS 187 AYsle] 23] whEdt
o7l of3he FENL A% 5571 (Rotary vaccum evaporator 5~ FAFE Elth AF7] o 23] dofxl AT
N-N series, EYELA, Japan)E ©]-83t9 74} 553led 24417 F3RIEF 102 B2 A& AMEsl &5 3 ODM
—70°C°ﬂ/‘1 T4 N2 ¥, FEAARE ANA FF FEY 2 T 79t =3I} Sep-Pak florisil cartridge?l] 3719 55
o g} A |1 ml/min®] E== 713+ —? Axk) v EF 22| Eke Zhz)
sma 15mE §& A7l 5 40T o]ty 2xoA A4
3. THIARIE 24 At = R ;(]- 22 o EUSELUR o
4 2 2y FAEE AHEE FE29 IHxAlel= 5 045 m ZEHE JF3te] ARSIt HPLC AE-2 LC-PAH
S =2A37] g8 HEre S ARSIt =23 HE column (250 x 4.6mm, L.D. particle size 5mE AFE3}H S
& 50mlel] S5 B oEg FHYEHE e 2 99H 2¢ ™ Fluorescence Detector®] 17|32 294 nm o] 3L 331}
< 7K Foll SR S0ml S FIEE HUsle] 40Te] & = 404 nm 2 ARSI AlEE 10 pLE FHsIeH 5%
TollA 1087F Wik A7) Fof] BIAYIE o] 85te] =23 2 1.0 l/min®| AT} °]FF R Acetonitrile?} Watere] &
FEE 3 FRT SoE Utk Es Fes S ?é@i% 8:28 ARgel] TS FA| ¥l FAEIATH (Hu er
2 2Eslen, SR S oAl s23) e 50 (L al, 2008; Sung et al., 2012).
A7vetd 714 RS F7HE 33 ¢ wHEeisieon, T 49
o] FAEIHFES S& dofliitt. Loixl 200 me <] f,:iﬁ} 5. SAxE]
FERE-S AR wFole] AR S EEEiinh dojxl A RE AFS 33 wiRoR Jsixen, dEne e
EUo) 4ml o] HEre-S 7lsle] &alAF)AL, 045 m ZE|E SAS (Statistical Analysis System) ZZ13-& Alg3lo] A
o345k Ty HPLC Z7dll wt JAieAto] =9 ghaks 24 7re] Btg Feten, 7k ATk HAaFoAt (p<0.05)
SIATE (Choi er al., 2012). A152] A=Al E 48 9] FEolA FAIAE skt
a standard® Rbl, Rb2, Rc, Rd, Rh2, CK, Rgl, Rg2 ¥

Rg3 (ChromaDex, Irvine, CA, USA) &
o] F=& ®A3ISith. HPLC 7171 BIO-TEK instrument
(Italy)X}  HPLC 500 series®] BIO-TEK 522 controller
Pump®} BIO-TEK HPLC 535 UV Detector (203 nmyE& A&
3}93L, Columne AlltechA} (Catnip Hill Rd, Nicholasville,
KY, USA)9] Prevail Cig (5 m, 4.6 x 150 mmyS ARE-3F1 00,

47d3ted 500 ppm

injection volume2 20 i 2 ZA3IAT} o] £ A
(Water) 9} B (Acetonitrile)s AMg-3199.0H, o] <] o=
A7kl Wl (0~10 min, 80% A2} 20% B; 10~42 min,

80% AS} 20% B; 42~67 min, 70% A%} 30% B; 67~97

min, 60% A$} 40% B; 97~107 min, 50% A$} 50% B;

107~120 min, 10% A2} 90% B; 120~121 min, 80% A

9} 20% B; 121~130 min, 80% A2} 20% B)E AA

on, §52 1 m/min®E T M A= kS
B35} (Y1 ef al., 2010; Choi et al., 2012).
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&= 20l WE XM2X THIEAIE 2 Hlw

S5 Sl WE ste] ARA AAl]l= Re2, Rg3,
Rh2, CKe| ¢S 48] 98l Axd vks 13198 F
T 5B S sk 712 @ ol-g3l Aol
A AZAL A ALl = S 71 st
gt =& FAo HAST =AS

Table 12 3te] < ol WE AEAL Ao =]
Fe U= AaE AZA AAALel= Re2, Re3, Rh2,

Z/\O
o

== 0

ET T==

CKe| 3 2 ZAeAlo|e F5FE vlwek Aot 13] 5
%5 39S 49 Re2, Rgd, Rh2, CKe| §Hafo] 74zh of
1.318 mg/g, 0.440 mg/g, 0.912 mg/g, 1.033 mg/g® FH=HE 7
< Rl 719 Aaks 7180 18] S5ete] Aokl A
x«]]\—/\].o]t Rg3°] z‘s]—a]:o] 0.42 mg/g"’] ijr,} H]L\:&]— A= ol
2 AL 2 ¥ (Kim and Kang, 2009). E3H w3 =
& 397 S/1EE AR M Aol FRFo] Sk
e gl ek 531, 13] SxelA 33 S7HA 397t
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Table 1. Change in contents of ginsenosides from low quality fresh ginseng according to the steaming times.

Steaming times

Small molecules ginsenosides (mg/g)

Total ginsenosides

Rg2 Rg3 Rh2 CK

Control 0.018 + 0.003 0.038 £ 0.009 - - 0.056

1 1.318 £ 0.015 0.440 £ 0.053 0.912 + 0.086 1.033 £ 0.091 3.703

2 1.592 £ 0.075 0.912 £ 0.077 1.212 £ 0.045 1.231 £0.083 4.947

3 2.132 £ 0.087 2.045 £ 0.153 1.332 £0.023 1.415 £ 0.058 6.924

4 2.011 £ 0.105 2.312 £ 0.104 1.499 +£ 0.053 1.312 £ 0.068 7.134

5 2.201 £0.116 2.461 £ 0.099 1.413 £ 0.032 1.427 £ 0.087 7.502
A77} B S THe) Aol o] S5 147 SNl
* & ARA Al RedZt BN, $71E B e
A HlgzelA S7kslE ES 29 STt (Hong er al., 2007).
rE A S 3R A T oUiAE FYselok sk 34
£ ol7] WEel tirel 43S she AL AAHoIA Rk
- Do) glek. mleb AR AAAlel= B g F4 R
R ol e Azg vigow 33 F4 @ B9} /P EAA

£ Ao FIET.

mContol mitime W2time M3tme m4time m5time

Fig. 1. Small molecules ginsenosides contents of low
quality fresh ginseng by fermentation process after
according to the steaming times. Control; water
extracts of ginseng fermented by lactobacillus
rhamnosus HK-9, 1 time; fermentation extracts of low
quality fresh ginseng apply to 1 time steaming process,
2 time; fermentation extracts of low quality fresh
ginseng apply to 2 times steaming process, 3 time;
ermentation extracts of low quality fresh ginseng apply
to 3 times steaming process, 4 time; fermentation
extracts of low quality fresh ginseng apply to 4 times
steaming process, 5 time; fermentation extracts of low
quality fresh ginseng apply to 5 times steaming process.

71wt AAleatel = FFe] thE: Frkehe 21s IR
S ASAT, 43] 53R T g7 STRHA AojAl=
Aol = F7Fe 3371 S5 Sr7E SR weE A
oAX = FAlAtele FFe] FrHgHT W A o1 &
T AT B AR FAeAle| =5 742 A% A 3
3] S5 SRS A5 Dozl ARAL FA AL
Rh2, CKe| &HeFo] ztzt oF 2.132 mg/g, 2.045 mg/g, 1.332 mg/
g, 1415 mg/gE AOH, 53] F<5 3IS 79 ol AR
Zb ZA ARl = Rg2, Rg3, Rh2, CKe| $heFo]l zhzt of
2201 mg/g, 2.461 mg/g, 1.413 mg/g, 1.427 mg/g= 72| H]S=3h
FEO AwA Aol = S Yehie Ag ERIsT
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2. 3% SL0I 2 U5 BHO| ZHICAOIS Bt Bl 241
2% 35 Wt Qojzl S ol g3l zizte] g
i=]

ol

Rh2, CKe| S A3 A4E fig 19 YepAITE Yyt
rke HE SRS we] A= control©E Rg2, Rg3,
Rh2, CKe| ke ztzt 0.512mg/g, 1.542 mg/g, 0.991 mg/g,
1303 mg/ge] TS 1 k. o= 71| A HE9
AR AEAF A=A = Rg2, Rg3, Rh2, CKe] ke
Z¥z} 0.22mglg, 0.10mg/g, 0.51 mg/g, 2.41 mgge] &3} H)
53k 218 g2l 399Y (Doh er al, 2007). o= 71&¢]
T S5d e dE 3] a9E vn ¥ F e
78 AR2A 4719] controld]l Luk WEE nigow F4
£ ¢ shhe Esh Ax 5 9 134 3R F
7¥etaA] AEAE JAeAte| =e] Fhgo] M FX1E= A
£ RIsIA) 53], 53] S5 & 3] ARAl 2| mAte]
T Rg2, Rg3, Rh2, CK®| k& 747} 3.221 mg/g, 7.439 mg/
g, 1.802mg/g, 2449 mg/g®] IFS I AE Il ST
AR S5 Sl 13]9lA 3371A] kIS S ARA
M Aol =9 ke 330l 53|E S5 ST SRt
me} AR = AR} KAweAte|=9] Fhge] Frbe vl
3RS AL ¥ FSeta was & A9t 7 AAR
o]aL EEAQ! 2o FRle] HIt). 33] F5 - URE )

739 dojR)= AEA} AAxAl|= Rg2, Re3, Rh2, CK
sheke 7kzb 3231 mg/g, 7.585 mg/g, 1.955 mg/g, 2.478 mg/g
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Table 2. Summary of ginsenosides contents in low quality fresh ginseng according to several different extraction processes.

Small molecules ginsenosides (mg/g)

Treatment* Total ginsenosides
Rg2 Rg3 Rh2 CK
Control 0.018 £ 0.003 0.038 £ 0.009 - - 0.056
FE 0.512 £ 0.014 1.542 +0.037 0.991 £ 0.030 1.303 £ 0.015 4.348
SPE 2.132 £0.087 2.045 £0.153 1.332 £0.023 1.415 £ 0.058 6.924
Complex Process 3.231 £ 0.101 7.585 +0.189 1.955 +0.087 2.478 £0.054 15.249

*Control; ginseng extracts by water extraction at 100°C, FE; water extracts of ginseng fermented by Lactobacillus rhamnosus HK-9, SPE; ginseng
extracts by steaming process at 90C for 12 h, Complex Process; Steaming process extracts of ginseng fermentation of Lactobacillus rhamnosus HK-9.

o 1 2 3 a s 6 7 8 B

Ginsenosides contents (mg/g)

W Complex Process

Fig. 2. Conversion pattern of low molecules ginsenosides
from large molecules by steaming extraction
process. WE; ginseng extracts by water extraction at
100°C, FE; water extracts of ginseng fermented by
Lactobacillus rhamnosus HK- 9, SPE; ginseng extracts by
steaming process at 90°C for 12 h, Complex Process;
Steaming process extracts of ginseng fermentat|on of
Lactobacillus rhamnosus HK-9.
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dojAl= At FA=ALe]E Rg2, Rg3, Rh2, CKe| &
7}z} 0.512 mg/g, 1.542mg/g, 0.991 mg/g, 1.303 mg/g]
Ziﬁ‘x} xlxﬂb/\}o]n shgke oF

=

== 34

, Rg3,

1.415 mg/g®]
& °F 6.924 mg/g
719 AdE viEo R HokS EE
Ie 7 AA ARl =] ko] B golAle
S 31 e, ol HERE QUS B-glucosidase &
2ol Aoz Qe B-1,2 B B-1,4 Ajte] Eel= Qlsf Ak
b A Abo| =l EAehs Bo] EalEo] AEAl A=A
o|ER o] He ARG F5 34 T 75719 it
2 ARR I3 2gERl TReElE she 3ol ° &by
Ql Ao =2 ERIFT} (Zhang et al., 2001; Choi ef al., 2012).
24719 AE nigto g 2o A 9 dhg FAo] Hokd
oz AN el kel ARA FA A= FFL
=93tk 54 4E B9 Y B3 e 32 2 4
¥ Rg2, Rg3, Rh2, CKe] -2 7Hz} 3231 mg/g, 7.585 mg/
g, 1.955mg/g, 2.478 mg/ge] E=FS ?é_oioﬁﬂ 5 AEA ZA
wpol=e] B o 15249 mg] S Ak ol L3
FANEE oF SWkE, 24 ¥4 welE o 2k
P de AL WIFYOn, B4 THY 2EITHL
Slo] AHgE A 2 AUA B} el AL B9 §
ATk 1ol B4 dE BY FHL B8 Loy
AA=Afo] 2] e 7]E
HleAtel=e] ool 1.74mg/g B} oF 4u7}eF
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2 urr
4 S

=

A
9] 33 T5E S w Loy
X" Axn=
A5 4 AT (Kim and Kang, 2009). 53k 7|&2] wg
Aojxl AR} M =AP]E Rg2, Rg3, Rh2, CKS] 3+
Z¥z; 0.22mg/g, 0.10 mg/g, 0.51 mg/g, 2.41 mg/ge] F=FH
3" AL 2l 31k (Doh et al., 2007).
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Table 3. Benzolalpyrene concentrates in the low quality fresh
ginseng from several different processes.

Treatment* Benzo[a]pyrene contents (ppb)
Control 0.06 £0.012
FE 0.02 £ 0.007
SPE 0.22 £0.024
Complex Process 0.11 £0.015

*Control; ginseng extracts by water extraction at 100C, FE; water
extracts of ginseng fermented by Lactobacillus rhamnosus HK-9, SPE;
ginseng extracts by steaming process at 90°C for 12 h, Complex Process;
Steaming process extracts of ginseng fermentation of Lactobacillus
rhamnosus HK-9.
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(b) Rh L
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Fig. 3. HPLC chromatogram of the conversion
?attern ginsenosides in low quali
resh ginseng (a) Standard, (b) Complex
process, (c) Fermentation process, (d)
Steaming process, (e) Control.
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F27) AE e s e g Al AYAEE B-glucosidase

g47F dit WiFRe] A SolsiA] wiiel S5 dE
59 349 AUA a3E feshe ow J&%%E} (Chen
et al., 2009; Han ef al., 2010).
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£ 23 20 YERSITE v o ® ARl aEAL JA|I A
°]= Rbl, Rb2, Rc, Rd ¥ Rgl& &3 om, A&zt A
Al=Ato]=2+= Rg2 Rg3 Rh2 ¥ CKo| 42 =H4sisit). 3
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o] FM Al =S Alon, YA ARA}F A eAle] =21
R29} CKE AZo] HX] &t} T3k tix el v8at 24|
A= Rgle 1.029 mg/g, RblS 1.901 mg/es AUt} L
o]9lo] A :=AlO]E Re, Re, Rb2, Rd= Ztzt FAA=

0269 ng/goll A BAE 1411 mg/gZtA] AA Al =2 Aol
= 2 Sk A71e] ARellM & F Rl EF F=

o
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§‘r°1 g UM 53, S5 UE B2 34 A9 AR
2+ A=Al = Rg2, Rg3, Rh2, CKe| $#e zbz)
3231 mg/g, 7.585mglg, 1.955mg/g, 2.478 mg/ge] TS ALY
3 FEAF AA=ARe]= Rgl, Re, Rbl, Rb2, Re ¥ Rd2

ol 7% 0.371 mg/g, 0.320 mg/g, 0.328 mg/g, 0.189 mg/g,
0.024 mg/g 2 0.153 mg/g &) FrFo 7 hadhs AL el 3}
Atk olgfgh, Ag71eA Bojzl A=A = Rg2, Rg3, Rh2,
CKe & e oF 15249 mg/gol™, 4 H2E s @&
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o FHQ oF 6,446 mg/g BT} B o] T F o7 Y
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AL el & & AT} (Ahn er al., 2008).
4719 B4 9E B3 T P 2] ) mE WA=

Alol= A3 dle|le &2l &17]9)8]l HPLC AZrlEa3e] 24

& Fig. 391 YERAATE Control}l (d)ellX= 603 o]l
Ak LEA AleAtel =] ko] e ZS Bl &
T om HthE 60EFE 1002 Atele] AEAF XA eAto]

=el B e A% 89 T S A, old I 37

2 goR WE 34 ¥ 3% FAAME ZEA QAL
o= gapel Paetn ARA HeAlol= B Fhe

AL B AT B, 2% E R A AR QA
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GET (Chen er al., 2009). WakA,
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