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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, Rb1, 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 .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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A FA A ES SR B2 A7t o] FoA AL
dom izl Qake] A AT AR AlQ] FAxAle]

FARE shejopnt ofle} RIZka o7 ] UEA AF EE FHOE HE AUt oFoA Jed], F= wHy 4
frojL thEAl oFg2Eel FEHAM (Panax ginseng C. ksl &3, S5, 7199, ssasuid 2 3 2Ed
A. Meyer)e 249 W73 (Araliaceae)®] 14k ol &she 2 Foll A% SAS0 H8) B2 A7 JAEHT o,
A 285 24 FAFE gl ojofl] Algrole vt Mol oA A8, & W 2, 7F 7SN, AR Wy =)
Zhe] tiE EAHECIt} (Lee er al, 2011). $14Fe] Hejols & 59 thdet oFg] #&o] A=Al vk (Li, 1992; Singh
i o] epskEe] oF 60~70%2] 2 TS 7KL 9L ef al, 1984; Benishin, 1992).

Bt

o™, 1 o]9e) triterpenoid saponins H]E3F polyacetylenes, o83l QAo ZHE dojR|= AFIER] AHEC] A A}
phenolic compounds, peptidoglycanss-2] %2 T3l 3 o= ot WS FalA A& g Uk Qlake] =
o (Lee et al, 2011). 53], A4tellx dojAl= 8 A Hog= 7|24 g & % oleks F&3 28 E &9
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Z2g - Yol - Z2ZE - O[S
M Aol ES HBshs WY 239 299, FE AW 2Ee UE 3AIE UEA scaleupe] £olsh7] wiTol] 7t
W 52 o83 el FF WS B MxAlel=s ARl A vl glol= ulE Hgo] rhssithe Aol Utk
AFERE A7) gk A7 o]FAHT (Jeong er al., 2009; LS 7R 2L BikH oz AMsle] AlUX] EHE &kl
Jeong et al, 2005; Yu et al, 2005). SFAIRE FA|Ale]l= g} FAlol| Zbztke] FA A B g o2 AwAl A
T ARA APl (FFRE o]FAAE R 25 -H  XAPI=E Alsle] 7|Ee] AAe] WP ET ZAAH R A
Fa A7 e AAEARRIE) Re2, Re3, Rh2, CK 5& 4 ZAeAle| =2 ZRA 7)1 WS /fdslast st

AEZ}L JA A= (HERE o]FoXE R 2F| -H &
2 Z717F 9 FAEARIE) Rgl, Rbl, Rb2, Re, Rd 5ol
ZA|3l= glucose, arabinose WA= rhamnose®] 7H=E3sl&
Foll Brh 2k xAlAte| =t Hed olHgt e Ade
B-1,2-glycoside H== B-1,4-glycoside 522 EA|sk=t] T2
TR E S1flEME thEe] oAUAI7E FYol HAY &
A BAE B3A 7Sl st EAF FAAle| =S AR
A M zAbo|E2 A AL St} (Zhou et al, 2008;
Zhang et al., 2001). 71&2] Q4HE SAtolut S4ks Wi
K W F S5 38 e ALl 20 E I Ui
o EAlete 3719 7tEElE = @t (Doh et dl,
2007; Park et al., 2006).

71E] AMEOR S5 8L 13] S5 s S A=
o o Sske S AXE Urletl 13 S5 dolAle
A& AA ALl E Re39] FHES OF 042 mg/gS® w9 A
2o FHrE AAL AL, F 48] o HHH el A F
A=o] F 938 F< 7HA] oF 6.41 mg/gol 9.2 mg/gl 7 F
AEg B1EAdt (Jo e al, 2011; Kim and Kang,
2009). sHAIRE 3719] F< A S o8] W HHESl] fla] B
T 15U oPde Azt skl B2 2E AT §A5
oo} 3b7] wiizol] oA e] FAm|7tF EREtH, dofxl AR
b FA Aol 2e] ghgo] v A o] EA) S} (Yang er
al., 2006; Kim and Kang, 2009). Wb S5 342 A4
AL Wdalr] feiFe S5 389 s oM AAES
=AU SAlol AR} JAAMmAte|=e] S S A
J= 3] ThEo] gk Argolrt

webs] 719 5 3o FARS sdst] flsiAl a2
o] = ARl FAE ol8sHA Fotw At A Al

o] gge] B3] goldt Wk FAL =Y sdrh Wi

=
o~
ne

FAL fAktolA dojAl= B-glucosidase &40 BAHOE
e Aol EAjste Fe] p-12 2 p-14 TS

7R Al7le 3R 71 At Hol X 3ol

(Zhang et al., 2001; Choi et al, 2012). 3X|TF 7|2 vt
T 3L HEE ok Akl Ha BEE FEME Ik

o] ZlMAte]=e] ko] ofele- Wo] &R §t} (Zhang
et al., 2001; Choi et al., 2012).
by 7)) ONs] FETE WS e S 3

=
A9 3% WIS AL & gor], wag ur GdHoR
g ¢ A% fEstel TN BAYS AL T4

224

al

J1 UpH
=

ME iy

Ao AMEE ke 432 skoE 2011 1090
AN AL Zlog T FA $HS T8 st AL
e 2718 8l 2~3mm e =
galier, <= 34 AR 1t
A E A B s ARSIt dhake T
A= glucoside ATS Hall5h=
< 7KK = Lactobacillus rhamnosus HK-9 (KACC
11254P, Korea) 55 ©l-8-3I3ith. &Rl AMEHE #59]
BHAo wjoky 239} 15% glycerolE E£§8le] —70Col|A
A7) B 3190, seed cultures ¥3] #F5 MRS HIX]
(Difco, Marylabnd, USA)ll &3t 36T 2704 244]
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Stainless, Seoul, Korea)ll ¥, 90C2]
S A, 1247 AR =8 12
sle] F 53] QHESIT S5
< 100CoA 241)7H5<t E4
A ke skt
7Fast 70% deez FE53 §,
AAAM FHF FEAS AT ke FEE= 1L flaskellA
Ad silen, AxE 3k viA] YL 20%E Hol
FE ST HE FHOE MRS RN 244]7F 9k 1)
2] Wl %" Lactobacillus rhamnosus HK-9 & (1.0 x 10°
CFUMU)E ARE-3FR o, v wix]e] F-othH] 10% WH
o] TS FTaAT HTol ¢5H flaskE shaking
incubatordl] ¥ ¥ 3719l FANA 36T 2= 7243
B i ST 719 5 TR B WO RE dof
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12A7F A9 &3 A=A 7 34S 132 AAste] F 53 7hzte] Algol| $HrE wlxvde] w2 S5t Wy
WA A Z4 9ke der) doil S5 9K MRS HiA] do] ¥EFEZ FEE 1, 2, 5, 10, 20 ppbE A xstL 7
B 20%S YL Lactobacillus rhamnosus HK-9 4% FAS TEEE ZAsI] SR (Hu e al, 2008). 4
ARES] 3719 Z2ANA 36T == 2A17F Bt vl 7] WHo®E dojRl Zizke] 3 3t FEE <F 10gS
< 38tk 55, €8 9 53 24 AE sike] FE9¢ A3 go} YREFEN 1S FArreta F2k s5omlS ¥
oJ3}= 9J8] Whatman AFS] 20 ~ 25 im oA S ARR3le] o S F kS AA FEI) 4 F BIEAYE ARSSl] B
5 Flom, oz A 7I9F o] FEAS oItk & F3 eSS BEske WS 182 dAsie 28] W
o7l ozpE FEN2 79F 557 (Rotary vaccum evaporator & FHES HQITh 7] WO E 23] dojzl IAEe F
N-N series, EYELA, Japan)S ©|-83le] 79 553t 2447 FRRMEF 102 B2 A E AMEsi g 9 o3
-70CoIN 2 A -, FAAZE AA AT F2Y B2 F U9F F3A Sep-Pak florisil cartridgedl] 371¢] 55
S At A 1 mlmin®] =2 7 & I tEFEadas 77t

Smek 1SmE &F A7l F 40T o]3te] 2Eox AL
3. ZHIEARIE 24 7V2E Tt 2R § ARES cMHEYCEERE =

4 2 g 3R AlE FEA A= gk
< 4] S8l Fehe FEUS ARSI st A
£ somee]l S5 R dE FHEE AL FE 99T 2g
S Ariel Fo] Z2FS 50ml S 3712 FHUlsle] 40TCe &
Tl 1087F IRE A1 Fof] REAT7)E o] gsle] s}
Here 3 . Es) Hes 3o m

oAl xS FekE Soml &
33] © wHgEelilon, & 44
Aojzl 200 ml o] S35}

ZAREUS itk dofxl AL
o] 4ml 2] WErS-S 71te] 88IA17)a, 045 m JE R
o345k Ty HPLC Z79ll wt JAlieAto] =9 dhaks 24

ro

B9 (Choi e al., 2012). A5 AAAto|l= AL 9
3 standard® Rbl, Rb2, Rc, Rd, Rh2, CK, Rgl, Rg2 %

Rg3 (ChromaDex, Irvine, CA, USA) & 21743} 500 ppm
o] == #4818tk HPLC 7171 BIO-TEK instrument
(Italy)AX}  HPLC 500 series®] BIO-TEK 522 controller
Pump$} BIO-TEK HPLC 535 UV Detector (203 nmyE AR&-
3L, Columne AlltechA} (Catnip Hill Rd, Nicholasville,
KY, USA)9] Prevail Cig (5 m, 4.6 x 150 mmyS ARE-3F100,
injection volume2 20 il 2 ZA3IAT} o] &9 A
(Water) 2} B (Acetonitrile)g AME-3IH.0H, o] 5249 FHll=
Ao wEl (0~10 min, 80% At 20% B; 10~42 min,
80% AS} 20% B; 42~67 min, 70% AS} 30% B; 67~97
min, 60% A9} 40% B; 97~107 min, 50% A<} 50% B;
107 ~120 min, 10% A} 90% B; 120~121 min, 80% A
9} 20% B; 121~130 min, 80% A%} 20% B)E A3
on, §42& 1 m/min®E FEFo] x:Ate|=9] ks

X390k (Y1 et al., 2010; Choi et al., 2012).

4, WIETRI Bl 2
MR GRS 2] I8 EEABFAL A4 sl
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ZE|R ojF}ste] ARE-SIGITE HPLC Z#H-2 LC-PAH
column (250 x 4.6 mm, 1.D. particle size 5pmE AR5 S
™ Fluorescence Detector] ¢37]3}7¢-2 294 nm o] 3 F3}7¢
2 404 mm 2 ARESIFTE AlREE 10 uLE FYsIHeH 75
L 1.0 /min®] AT}, o] FAH S ZE Acetonitrile?} Watere] &
oS 8:22 ARES] HHE FA] &L AT (Hu er
al., 2008; Sung et al., 2012).

5. A2

BE AL 33] grEoR dajxlon
SAS (Statistical Analysis System) 2138 AlE-3lo] 23
7re] Hate Feilem, 7t Aol HafrolAb (p <0.05)
Tl FAAE sk

. Ayl A

o »
1. &= 350l WE XM2X ZHIAIE a2t dlw
=z~

T4 ol e wte] AREAF A|=ALe] = Re2, Re3,
Rh2, CK9| 5 457 flsf dxd sk 1398 H
% 537 TS stk 7189 g FEE o83l 4o
D AREAL A Aol E S 7IE0 R Bl A4S st
it T 3 AT 2415 AAHsIIH

Table 12 3o F< Slpol] Whe Azt A eAte] =9
Fe UeE AFE AEAF A=A = Rg2, Rg3, Rh2,
CKe| 3 2 FAeAlo|e F8FE vlwdh Aol 13] &
%S 39S 79 Re2, Rg3, Rh2, CKe| gtafo] ztzt
1.318 mg/g, 0.440 mg/g, 0.912 mg/g, 1.033 mg/g® FH =&
< RISkt 4719 Adhs 7129 18] 53t Ao
AleAto]= Rg39] dHkel 0.42 mg/ge] 9} H|S=3 A=
o AL el sdtt (Kim and Kang, 2009). B3k wj3] =

57 S7HE ARAE AAbe| = FEo] Skl
< 2Rl sk 53, 13] S504 33 S=7EA] St
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o

=
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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 7134
5 2.201 £ 0.116 2.461 £ 0.099 1.413 £ 0.032 1.427 £ 0.087 7.502
: A7k B 34 3] Al ol 2% 57 F7kael w
2 Aia Al Rg7E 37k, 7 FE w@
ER =l Z7hEE e 8l S19T (Hong e al., 2007).
g AT B4 3l A T AUAE FIslelof ke ¥4
2. o)7] wEe] Tire] 24EHS she AL AAHolx] Hale
8 _
g - W] ek meb ARAL Al ST 8 F% 85
R of we AnE viReR 38 % ¢ 497t M 5
£ Aoz HAHA}
2. 5% S0 T2 25 ZHO| ZHILAOIS B2 bl 24
) Weontrol Witme Witime W3tme Watime w5tme Z__./\T :9‘4 OZ” [q,ﬂ_ 04011] J})\E}_O__ o]g—é‘],oq 7_|7_‘94 /\]JJ_oZ”
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
glnseng 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.

7kl wet Al = i%l E S7keke As 2l
& ASIAT, 43] 53R T g7 STRPHA AojAle
XWIMME THE 33 T SlTE SRl we o
AR = AmAtele Fke] F7HHTE W RS gl &
T 9;1225} 3 XWX} AHEAl| =5 747 248 23 3
3] S5 oS AT Folxl ARA JAEAll= Rg2, Re3,
Rh2, CKe| §hgo] 742} <F 2.132 mg/g, 2.045 mg/g, 1.332 mg/
g, 1415 mg/gs AUoM, 53] F= 3IUS 735 Lozl AR
Zb ZA ARl = Rg2, Rg3, Rh2, CKeJ ?}%bl paza
2201 mg/g, 2.461 mg/g, 1.413 mg/g, 1.427 mg/g= 72| H]S=3h
FEO] ARA AR |E ShES VERllE 2le ERIsSITh

3719 A3E S3l ARAF M| 2o FEE 718

2l
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sl FEE ato] Aozl AEA FAM=A]=E Rg2, Rgs,
Rh2, CK®| s 43 275 fig 19 YERAAT It
s 28 SRS wWel AFE control2E Rg2, Rg3,
Rh2, CK9] &7k 747—} 0.512 mg/g, 1.542mg/g, 0.991 mg/g,
1303 mg/ge] TS g1 st ole 71&9] dak wEe)
AR AR AA=A|= Re2, Re3, Rh2, CKO| ke
Z}7} 022 mglg, 0.10 mg/g, 0.51 mg/g, 2.41 mg/ge] s} W
3 S gl &9tk (Doh er al, 2007). ol 71&9] W
W S5 mE BR3P A Ha ¥ F e

2 AAEA 74719 controld] U¥E WEE WO R F5
& o IFS RS A F5 St 1304 53R F
7¥etaA] AEAE JAeAte| 28] Fhgo] A FX1E= A
RIS 53], 53] S5 g ghake] Adat ZAeAte]
Rg2, Rg3, Rh2, CKe| ke zbz} 3221 mglg, 7.439 mg/

m]o J{

_.;itovw_l

I m{m >

g, 1.802 mg/g, 2449 mg/g?] FFS A AL T ATk
SRR =< 317t 13oA] 3F7HA] ZTFEE A AEAt

?ﬂ*ﬂli*}OlEﬁ] TS 33]0M 53R T Sl STl
e} °*°1X1h A2 A Ao =0 Shake] S vl
SIS AT 337 S5&stal waE E 49Ut 7P<P ﬁﬂlﬂ
o]ar EI%EJ Aoz glo] HAUTE 33 F&H F = 3

A5 dojR= ARAL M Al E Re2, Re3, ha, CK
sk Zkzb 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.
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WComplex Process  BSPE

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, Comp%ex Process;

Steaming process extracts of ginseng fermentation of
Lactobacillus rhamnosus HK-9.
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38] Z%3 Wb WEES sjo] dojrl ARAL DAAlo]
5 HE 3R] aAE gRlab] Sl A

g 2 S5 IS I A8 A

H| w524 31t} Table 29 A3}
B2} A eAle|l= RS v|wsk
2% AN Lo ARA A
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?MXl—t— AEA KA =A]= Rg2, Rg3, Rh2, CKe] 3
0.512 mg/g, 1.542mg/g, 0.991 mg/g, 1.303 mg/g2]
Rnem, Zifx} A Aol = ghake of
2 1 sioith. B3 S5 37
A} ZA=ARO]E Rg2, Rg3,
mg/g, 2.045 mg/g, 1.332 mg/g,
onl, & AR Aol g
AL e st
e W S5
ol ¥ wo=
T Y=, ol &a=E Qs B-glucosidase &
20) A@H_E olaf p-12 2 p-1,4 A2 Bz s &
A AAmAlol=dl] EAlslE Fol BalEo] A¥A A=A}
oER ASe] i Aurt 2% TAS T 52719 b
oAl Z]Ei o3k Eg]xqo] RS sl 2o ¢ 2394
Ql Aoz FRIET} (Zhang er al., 2001; Choi et al., 2012).
/\L7] o] A J,]w_ u].E]— o7 =& :ﬂ_xi UJ alg 4_24 _4 iagz%
o AT B9l shIs] AR WeA]E S
Zgasin B4 wE 23 340 B9 RiE FF ¢ A
% Rg2, Rg3, Rh2, CK«] share 7zt 3231 mg/g, 7.585 mg/
g, 1.955mg/g, 2.478 mg/ge] TS ARoH, F AEA}F FA
eAtol=o] FHeES oF 15249 mg/gd] kS AUTh ol
BRI o SN, 3 3 o of 2uﬂ7}ak
ko oo AL Folalgon, =
o] A8 A9 2 A ESE ko
Atk Aol =< ulg B3 ZAHS %“?'5]]
AAeAtol=e] e 7189 33] 342 S
Aol =) el 174 mglg W} oF 4u}7}
A 4 I (Kim and Kang, 2009). 3k 7]%—-4
Al Aol AEA} AAmALe]= Rg2, Rg3, Rh2, CKe| 3
Z¥z} 0.22 mg/g, 0.10 mg/g, 0.51 mg/g, 2.41 mg/g2] ?‘;P%ki
739 AL 31 33 (Doh ef al., 2007).
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Table 3. Benzola]pyrene 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.

Rh2
@ Rg3
CK
Rh
(b)
Rz CK
(c) Rh2
Rg3 CK
(d)
Rh2
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T T T T T T T 1
[} i) 40 60 0 100 13

(e)

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.

o] spte] AxHS S e AER =] ¥skE
frestel shpke] IS oS g4A 92 & 5 7] vl
T2/t 18 Ee A 2E A A== B-glucosidase
w47F s WERe HF7E &olsiAY] wie] S5 ER
Y 348 AUA 835 fEshes 20R dATET) (Chen
et al., 2009; Han et al., 2010).
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