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SUMMARY

Ginseng, Panax ginseng C.A. Meyer, is cultivated mainly in the Korea Peninsula and
the northeast areas of China. Its root, also called ‘ginseng’, has been used as a
representative medicinal herb, having tonic effect for 1000 years or longer in the far-east
Asia. Ginsenosides are triterpenes saponins considered to be the main bioactive materials
of ginseng. More than 30 types of ginsenosides have been found in the roots and in
other parts of P ginseng. The transformed natural ginsenosides are more effective in
human health than their original form, like ginsenoside Rh2 and 20-(S)-Rg3 in red
ginseng which is created by thermal processing like steaming process of fresh ginseng.
Additionally, thermal and enzymatic transformation of ginseng has been reported. The
objectives of this research were to improve the effective functional compounds of ginseng
by converting the effective functional compounds of ginseng wusing physical and
biochemical transformation, and to create the value-added ginseng products using
developed physical and biochemical transformation technology.

Because ginseng saponins of sugar structures (glycones) are the main bioactive
components in P. ginseng, we used commercially available hydrolyzing enzymes to
determine their metabolites. We combined a 5% crude ginseng saponin preparation with
each of the following: 5% AMG, 5% Pectinex, and 5% Viscozyme. The metabolites
generated by the action of Pectinex, which contains pectinase and arabanase, were
detected at several bands on TLC and one of these productswas supposed to be
compound K through same Ry value on TLC. However, the metabolites transformed
significantly by AMG and Viscozyme were not detectable, which contains
amyloglucosidase and cellulase, respectively. A greater amount of compound K was found
in the mixtures containing 5% ginseng extract than in those of other ginseng products.
The extent of biotransformation ginseng in the presence of Pectinex depends on the pH
and temperature of the reaction mixture. The amount of compound K produced, as
determined by HPLC, was produced optimally at pH 3 to pH 5 and at 50°C-55°C on the
first day after Pectinex exposure. The optimal conditions for the production of compound
K from rootlet ginseng were found to be 10% to 15% rootlet ginseng, pH 5, 50°C, and
2 to 3 days of incubation.

For physical transformation, ultra high pressure processing was applied. Approximately

150g of ginseng powder slurry (70%, 80%, 90% moisture content) was put into a



retortable pouch then hermetically sealed using heat sealer, and subjected to ultrahigh
pressure treatment at selected pressures in the range of 150-600 MPa for different
durations (5-15min). UHP ginseng showed relatively higher extraction yield (312.2-387.1
mg/g ginseng) and amounts of crude saponin (19.3-32.6 mg/g ginseng) than control
ginseng (189.9 + 1.8 mg/g ginseng and 17.5 + 1.1 mg/g ginseng, respectively).
Extraction yield gradually increased with increasing pressure level and pressing time.
However, crude saponin content was not affected by pressure level and pressing time.
Therefore, correlation coefficient between extraction yield and crude saponin content was
relatively low (r2:O.29O8, data not shown) suggesting that these two parameters are not
always highly correlated. When ginseng slurry was treated with UHP, the cellular
structure altered and/or damaged. Therefore, not only crude saponin content but also large
amounts of cellular contents were extracted during UHP processing resulting in relatively
higher extraction yield. This may be one reason for relatively low correlation between
extraction yield and crude saponin content. The highest extraction yield and crude
saponin content were obtained in 90 % moisture content sample pressurized at 600 MPa
for 15 min. Overall, amounts of measured six ginsenosides (Rbl, Rb2, Rc, Rd, Re, and
Rgl) increased with UHP processing but Rg3 did not appear in both control and UHP
treated ginsengs. On the other hand, pressure level and pressing time did not influence
the amount of ginsenosidessuggesting that relatively lower pressure level and short
pressing time would be enough to increase the amount of ginsenosides compared to
control. It is interesting to note that the sharp contrast between control ginseng and UHP
treated ginseng is enhanced by intensity of latter peak area. The peaks at retention time
about 81 min and about 82 min are considered as Rh2 and compound K, respectively. It
has been reported that these two ginsenosides showed very similar retention time in
HPLC analysis. Thus it is very difficult to identify these two peaks with only HPLC
analysis and further investigation is needed to clear interpretation of these two materials.
UHP processing of ginseng greatly influence the extraction yield and ginsenoside contents
at relatively low pressure level and pressing time and UHP induced non-thermal
transformation of some ginsenosides needs to be further investigated. This work elucidates
the potential of non-thermal UHP extraction of ginseng. In this work, we developed both
physical and biochemical transformation of ginsenoside, which can be used to produce

value-added ginseng products.
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EEE AR B L] o ghe] whof gl rlejdttal 4 A AvH(22). 24
Az B dpabsbEo] 74 AW 9 m3h Soll AR ddom B AA, v

free radical &7 &4 % glutamate 54 B3S ZES 7| 4= 9o}

=
ke WaskE §9F saponing HIEI fFadito] RalEowA EApgFo] Zhof

Fabo]l 8 @A B9 ginsenoside 52 1EA FAEI AAF gloja AAH
Abe] Adlel AAshE 579 vAEd od A A= AW S5

54 ok FAZF POBE WEAl Gl ANskE vl gEe] oJs) wask Hofok
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229 ¢4 Ginseng) ol F84
o Bt o JFHWA, AA AR EAFAGAAM 23 (Gingko), "k (Garlic)
I A A9 “3—-G Boom—up"S FEY HAERE AATE7E F7FE I ). Q1AM
= T, T, ¢, 48, givt % Ve ol wUbEeH, F
FETOREE v, T3, 42, v, AUt sol Ak SEvEte] QAT ES
19909 19 6,490%F @& APow X&HH o7 7H4ste], 20020 = 5,500% &
2 19909°] 30% FELR FAHIL SlE FARR QA AVeAE FETe
24 A2 Aol AfHel Pl Aot

Ak fElvEte] dEatdo g FHo QoA AAFH L Ty, AT T
v gt 5 A2 AR Faor AAANGE 2 Syl M e AgE g
of AA eFstH L vk AA ANA WAAES el vk Wake] ARS S
i lom, ejvkete] wAe ofm AA Al FAYE At =
ARk AE[E AL QY o)t o]l vkl it B AlFe] F FEEel
o, 29]2=9] Pharmaton A|%3]AF7F A3k GINSANATh= 214t Ala Al
2001 =0t of 195 AX=7F A AAll | 9lom(25), H &=, vl=, I
Ut 5 e AR 2oz AAAGE B euetdl e Al FAHe] A
ofsh o gl

A4 FFIolgte AN AHE FASkAL e 6 A F4F A 19969 A
A FHA e g FAAS, W AAL FEAGAAM Y] A A, o= Al A 9
7P EAE MR, Sl B a9 Aitel mE Fd ARk A, AniA e A,
Ao s 5 AAATEe S = e xR 9% =RvEe S S
of HgAQ AR ¢lske] s Aol M o] HfEo] AHAeR shetstal . w
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3. A18] - B84 &9

7t BLEAE ol &% Ao TE

A1t A| (probiotics)T Parker (1974)o] 28 "F v|AE H#Ho| B F+ 1)
AE 5 HA7H"2 ALEEA, Fuller (1989) o3 “gul mAE<] 13
To A ST FolshAl ZEshe Aok MAE HUbE'R Ao Ao

2 AMgEE A 2E ZA 7H (Lactobacillus acidophilus, Lb. salivarius, Lb.

ot
o
=

S

plantarum, Lb. delbrueckii subsp. bulgaricus, Lb. casei), A+ Fo
(Enterococcus faecium, Ec. faecalis, Streptococcus thermophilus), B3¢+
(Bifidobacterium thermophilum, Bif. Bifidum, Bif. pseudolongum), &X
(Saccharomyces cerevisiae), 3% (Bacillus subtilis, B. coagulans), =1t

(Aspergillus oryzae), Y2k (Clostridium butyricum) o] QtH(27).

. ate] dage] 87 2429 A

A2 FWRoR AL F9W, TAGY WA o] AARA ANoE
A Abgel FASEA W BAH ovAF AL MR
of e wAol EobAm ek webd SIS AE AT

NeRH 234 FANN0RA ANFHe 23 27, Fud 27, A%

1oy (e} -y LI
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N

U Al #38 248 adE 7R E 715 Alg "4 o] 7hes).

It
ok
P:E
o U
s
ot
We
N
S
i
o
off
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=)
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Al 4d A7 HE 2 EH

AxG Erol o QAFEAT WH 54 B
AjgAe] e D gro] AR AEA e

7} kol 9% /1A o)y 2y

Ay ag B A4Es A 0 H45

2. A= 24 2 29 - BA

7} 48 ABED B

TLC &4 =4 &d

PDA-HPLC &4 =7 &9

U AREZY £ - FA

AF, ke bRA, A FAAE, & ol

-Diaion HP—20, silica gel, Sephadex LH—20, HPLC o]-&
QIAHFEAd T Ag Ao 8 gA 2 T3 24

UV, 'H-NMR, “C—-NMR, MS 59| 7]7]%A
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= Jle® NEsE Y. Tl Alge] EHS o] 8319 pueraring  daidzeinl =,
ponciring ponciretin® &, glycyrrhizing 18B—glycyrrhetic acid®, ginsenoside Rbl
S compound KE, ginsenoside Rb2E compound K 59 f& AT EAZ A3
e At 23 Folth(31). =3 B—glucosidase A4S o] &3o] 300F o)A+
AAE 3 saponin® A F+FZE #3slo] ginsenoside Rb2, ginsenoside RcEZ5

E] ginsenoside Rd ¥ T& Eo] AlEo] AAS A L3t Q).

A2d =9 A7

Akao®} Hasegawa o< A7 T3t 4] M Aol == AU oA A= o]
u AU mAEo A=l Prevotella oris?7t HoldtE A
=

, O, 95 8AAl 5319 catechin

R
il
X
A
&
4n

et A A EE S transportet AIZRItHALRA Ol g A7 2P =]
a9tk @9, 54 EHS FoJd & urine v dY U4 metabolite

A38}al o]E AEE probabilistic neural network 7| o] &3t %

o}
—
o
s
=
0
o
ME
4

2 A4S FH3E metabonomics 97 FE L 2™ Mayo clinic®] Biomedical
Mass Spectrometry and Functional Proteomics Facilityoll A+= in vitro®V in vivo©l
A X B A9 metabolitesE ¥413}7] 93 line chromatography with tandem MS A}

g3tol okmel AUl dixtel Uld A7 SRS,
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H 3 dwlgdsd e & 24

A 1A ATHE

Ao Age #F F AAFAR o1 8¥  Bacillus  subtillis KCTC1666,
Aspergillus  oryzae KCTC6292, Saccharomyces  cerevisiae KCTC7919,
Lactobacillus plantarum KCTC3108, Lactobacillus acidophilus KCTC3155(27)<}F
test organisml. & ©|8 ¥ PBacillus subtillis KCTC1021, Pseudomonas aeruginosa
KCTC1750, Escherichia coli KCTC1924, Salmonella typhimurium KCTC1926,
Staphylococcus aureus KCTC1927, Candida albicans KCTC7965, Malassezia furfur
KCTC7743% @AW FSATA(KRIBB) o2 HE &%  wel  Ag35ith
Lactobacillus®} Bifidobacterium®] 31 2 x| wjx]= MRS (Difco), Bacillus&=
nutrient broth (Difco)Z, Saccharomyces™ YM broth (Difco), Aspergillusi= potato

dextrose (Difco)ZE AF&3} T}

FAS et fFaAdtoze] st ALESE aAES AdHoz dujEo
AFEE 3L 9l AMG 300L (Novo Nordisk Co., Denmark), Pectinex 100L (Novo
Nordisk Co., Denmark) % Viscozyme (Novo Nordisk Co., Denmark)< HF-A4A

Hhol @ Al =2 3E] Tske] ALgatgict.
2. AHEAISF R 717

7} Q1A A8

AP AR WA S 6 T FAFGA PANG AgILNA Tt



L
saponin %2 WAAA KT&GEHFH vt Ao txrwFoz ALEH
compound K (IH901), Rh2, Rbl, Rg3¥ A3 tjdtn <kstsr 7153 wygdozi

B QoA Agol AHgslct.

. A-&A] o

wjoko]  ARE%  Hix]Q]  Nutrient broth (NB), Luria broth (LB), vyeast
extract—malt extract (YM) broth, Lactobacilli MRS (MRS) broth, potato dextrose
(PD) brothi= Difco (Maryland, USA) A& AF&3kSlch S5 &8 2 &2l
AF8E silica gel (Kiesegel 60, particle size @ 0.045~0.063 nm)< MerckA}
(Darmstadt, Germany)Z%-E], ODS RP—18 column (ODS—A, 120A, S—5 m)<
YMC—-GELAF Tokyo, Japan) 25 SRS Xes| ARE3FA T} Thin layer
chromatography (TLC)ol ©o]&% precoated silica plate 60Fs5 (0.25 mm in
thickness)®} ODS R18 Fasus (25DC—Platten 5x10 cm)+ MerckAH(Darmstadt,
Germany) 258 TFi&tqlch. zb &2 @A A Ag¥ #7]8v= SKY SOLTECH
AES o] 83k i, HPLC &vl& J.T.Baker (Ashland, USA)®] 1% AT AHS:
5}9lth. DPPH assay®ll AH8-@+ 2,2—diphenyl—1—picryl—hydrozyl®} MTT assay°ll A}
€3l triazolyl blue tetrazolium bromidet Sigma (St. Louis, USA)ol| A %3} t}.
M EF g ALgF Dulbecco's Modified Eagle's medium (DMEM)+ HyClone
(Logan, Utah, USA)AFS] AlEFS Y33t

o AHE717]

Almel g4 AME A4 F¥E 54S ELISA reader (VERSA, USA)E ol&
2 8 QA ke AR W% 7] Labtech(¥=p)Ake] A&
oS 918 Yax+ Biotron(8h=)AFe] Pilot 50L Fermentor
= AFEET 58 9 253 #4171+ Hwashin(3=1)A12] Power Sonic420<
ARgERGITh B A4S 98l HPLCSE MSE ARE3klth & A g Ab8¥ HPLC
— SCL—10A controller, SPD—M10A UV spectrophotometric detector, LC—10AT
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liquid chromatograph, FCV—10AL, DGU—-14A (Shimadzu Scientific Co., Japan)Z
T LR-MS= FAdga e dEde]l Eista 3= QP 5050A
(Shimadzu Scientific Co., Japan)S AF&3}91 1L, inlet2 DIPE sl 27]2%+ 30T
2 ste] B9 40TCH &8 HAdl2x 340C7HA 1435l on, 2~ 9= 50~750m/z
2 skt AEu Yol CO; incubator (NUAIRE, USA)E AH&-3holth.

2}. Thin Layer Chromatography (TLC)

AgdE wEEAS F23t7] Yste] A|EE silica gel TLC plate (Silica gel
60F251, Merck, Darmstadt, Germany)2] 3t ZHEH 5 mm H+= X HAAsA
o] stlem A gzte] Age AN
T A Azl ol AAE spotell AE7F W] A REZ 0.5 cm o] AFol7f ot
= 39tk Alge] A7l& vl chloroform/methanol/water (4/2/1, v/v/v)e] o}el%
S Abgsle] A7WEATE. A7l F anisaldehyde sulfuric acid® B33 110TCoA

i, A A 7 AR Aol Havt Au%

N

v}, High performance liquid chromatography (HPLC)
AAze] Qi wgoe HEud SAEIY F2E 1 mg/mlE EFo] 5 nlH
TR e, o542 90% MeOH, <% 0.5 ml/min, IAFSZE YMC C18

2 WESele] HAIAI S 78 sE+ 5 mg/mlE g

H

i
o] 10 plA FAdFA o, o]F AL E(A)9} acetonitrile(C) S AF&3Fd 30% C(0-5
min); 30—80% C(5—40 min); 80% C(40—50 min) & ¥E=71Z FAA 0.5 ml/ming
GEo=z Tt aANOZE YMC C18 column (6.0x150 mm)S AF&3F9iT).

vt AgES 28 R T3

At ashEely B4 AEMERSTH F8edR A&HAAY At e ol
v AEEAS BYsty] flste] WA dasdEs didES MeOHZ FE3Ha
Fedwte 58] BuOH FE<5 3tk BuOH FE=9] 4F, &7ke] A4, =+
Aol g F24, Sl olFAS EARste] GASE7] AAste] Diaion HP—20 &%

chromatography, silica gel TLC® column chromatography, Sephadex LH—20
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column chromatography, reverse phase (RP—18) column chromatography 1@ il

HPLCE &3 2A4=ds 29 3 At 28 Rf g, 2ARES, UV, mass

spectroscopy 59 717|848 Edlo] Fx A4S 59l AdkE AlEo] By Jbs
3 A=A % recycling HPLC B+ paper chromatography S ©]-&3sfe] o] 2

WA S e gAsdon FaE 18 AES MALDI-TOF MS, NMR& < o] &

o] 22 RS}
3. 24te] WE 2 F4
7F A4tel ¥a 24 89

WAt ZAL Saccharomyces®y Aspergillus?l 735, 30ColA 120 rpmY &=

2
AestAA 5~7 AzF ksl Bacillusys 37ColA 2~39 7+ 120 rpme.E &

Wl 38k, Lactobacillus®t Bifidobacteriumv & Q3 7oA 7124 X 8] gstd
ok S MA7IR 9 Efstel e 4k Ha g wijxel ofe kA AuAlE
HEFete] 30C &2 37CelA Aggk 7|13 sk wjgsidnt. 4t &S Ade
Hj=loll F7bebar wikdt &, HAH A, HAH 2%, HA4 pH, HAH HITF L HA

MeOH= ©]&3te] 5 mg/ml, 1 mg/me] &AS whsa JdAZFS ko] high

:_
=
>,
[
il
o
2
e
Ll
||V
o2

N
performance liquid chromatography (HPLC)3}®] saponinZ
4=

thy. Aspergillus oryzaeZS ©o)-&%t ofFu) %
A. oryzacs o]&3sle] U wjstr] 98] WA, A4 3 kg AR Bl



30 L potato dextrose (PD, Difco) HNAuj=]e} stA HAsr & Fujsl dFA4 A
oryzaes 10% 4%3e] 50 L & % (Biotron, KOREA) 30TCeolA 120 rpme.= 5 ¢
2r wjekskdek w1 7E Fot 0.5 g9 AEA(LS—-303, Dow—corning, KOREA)S 2

3] #H7}ste] saponinoll 9d] A E = wigA Y] 7|EE A AR

gt v g F& 2L SvE
A. oryzae® 5 4 w3 A4S AAEE S ad AT NS Diaion HP—20
(Mitsubishi, Tokyo, Japan)°ll &#3le] MeOHZ &&3tal <14 HHWELS MeOHZE

FE3to] 1S ol HF313 T 55 9S chloroform, ethylacetate, buthanol® 3=

7}
Zsto]l S EdES AT FE= 74 2EE2 Y s57IE e AA
i

7h wiRA B &ae A
WA= s s A Ao vuigAl R des agdoR #3L

A= BAE ARGt = B-glycosidic 23S W3l 45 = B-glucosidase s

N
5
0Q

@
o
it
_O|L
3t
£
N
i)
o
&
o
oX,
o
v
o
(d
it
Ho
N
oo
2
=
>
=
olo

oM &
Szt A wAE (Sulfolobus, Pyrococcus 5) F8 & #AALS ztau
ATE TR 71Ee] e oAy vAE i FAAZEE B-glucosidaseE

Hatal PCR clonings F33dte] FAAE FHslglon SRy FAAE hF &
A8 4= 9= vector (pHIS119, pREST)ol AFdste] thakdtdd ATk o] wf &84

ol AAZE ¢35t histidineo]v} GSTSF & taggingS A A3}t

. FHo] a4 A

Aol H3holl SlofA wFAe] FHolE AFOoEN MEE FE ] wEA
S eI oy FFHY Gl aAE Adstazt otk WHe] aARE
CGTase, maltogenic amylase, maltosyltransferase®} & thekst §42 o] &35l

2} 3ESiTh ol &A4Y sourceRv A B AFAAAM BAF3L A= Bacillus,
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Az aiell o3 4l saponin®] WE SAS wAIE wEA Eafaidl 9
sto] QUitel] EAlEe ofe] WiGAY HeEHE AEE TLCE Baoto] el 39l
3 wd gAol aavh olE wWigAle Be ERAoR Y F JuAE BRI

£E o§E A AH

oft
i
Ko}
t,o{'

7. Agzd

849 AAL s 5% saponino AFEHIIE G492 AMG, Pectinex,

R

ViscozymeS 7217} 10%% A 718lo] 37CollA] 150 rpme. & 5 A7k x| 8&g ). w3tk
QAN RS APS 9ol 5%9 FA A7)x, FA A7)k, FA B@, Az
10%°] s+4tat miatel el &4do] 973 Pectinex® 10% (v/v) A ate] 91 2
& o wgeigivh. e, @A 9 gk s A 231s A4 9st

10%5 #7Fste] A2l skt

_30_



2 g2y

&

10% Pectinex®= 5
%2 MeOHS #H7}

MeOHS #|A

. el

™

7|
0

blo
yAO

ety
)

X
o

—_—
o

TH

Fol 1 AJZE

3]

o
B

N
R

sel

o

o

0

BF
o
‘ZT.E
N

}i BuOHZ v

sk,

o A&

49

24

6. A3 AN AT Y4 A7

7h € dAHAE £4

R

K

el

Ho
_
7K

pild

puzel

1
o

o}

T
i

nmo

;ﬁ
o

Y. pH 4AA 4

K

el

Ho
_
0

uld

puzel

1
o

o}

T
i

nmo

;ﬁ
o

& A2

N

.

R

o

=
N

—_
file)

2] 2 A

4

<
0

Jo

A

Tod

o
%

usel

B
Jo
)

K

mK

pild

7. BEEY Y

%

=
=

7b. ¥4 84

2 o

o] 83 agar diffusion method

=
=

Paper disc

el 3 ml¥ Yo

= A

o 7} @58 WA

o o 31
e gsx

- 31



Avjek skt B subtillis KCTC1021, P. aeruginosa KCTC1750, E. coli
KCTC1924, S. typhimurium KCTC1926, S. aureus KCTC1927-& 37Coll A 12~18 A]
P e s a, € albicans KCTC7965, M. furfur KCTC77438 30ColA 24
AlZE A wjgetith LB ddmAlE Hate] A3 7 3 Ao A wjgd S
1% 2%3F3 90 mm Petri dishol] 20 ml® EF35te] AA plate® AFE3T =2
o] FaFAS HAEY] Yl 10 mg/mle] FEZ MeOHo| %9 ZHAE 50 nl=
8 mm paper discoll FFAIA AEAZ 5 A Aol ¢lo] Fal 24 A 7F F<t H)

&t & disc T YERYE A5 A %] 2 (inhibitory zone)9] A7 S SA 3G

. DPPH radical &4 &4 &%

DPPH 24 dae= A A4S wolsde=A 299 2L AAs Qlon
= AAE Zet olgd Ax o A8 A AN AMrEoel] #edt= 4t
314 A free radical AAE FoIdto] AEE oA A 7= w7} ") o]yt 3+
A free radical> 1A WolAd Z+E AWy w315 do

= —
ol I A& A= 8= Ad AR 4D ¢ e AR =de B

&

sk J g Ado] 9th(22). EtOACE FE3F A B silica gel TLCE AA st AxA
71 ¥ DPPHE9(1.5x10 " M in EtOH)< plateo] #Apste] Bepao] wghd oz
W35l radical 2AEAE S Y= FES 213t 96—well plate’dol A 90
ul DPPH &<%e] 10 mg/mle] X% MeOHol ¢ ZAHAE 10 pl& Yol 30 &

WAL e 490 mmAl A FEES) 4 ARG EAs.

e

o AESAY A 84 53

MTT assay+ 2olgli= A3Z9] mitochondriaol] A& EFiaid o) A
blue formazan ZA& DMSO (dimethyl sulfoxide)® =4 540 nmolAd SH==

=48ttt AEFEZE MCF-7 cell (5x10" cells/500 nl/24 well)® PC—3 cell
(1x10* cells/250 nl/48 wel)S 5% CO.7F £3Fd 37°C wjg7IolA 12 A7+ w43
T, SAANEE Astan oA 48 AIZF Fet wigsiith MTT €92 0.5 mg/ml
o A wjFAEd H7FgH F, 37ColA 4 AZF FF ¥H-g3kal DMSOE A ¥ 3t

0 E7F shaking3t %, ELISA readerE A}g3le] F4 =S =435}

N}

_32_



Z}. Nitric oxide (NO) A& &4

57 AAEE AX mgFde] 5x10°/me AE7L HES ARFE] LPS (1
pg/m)e] A= Shell 48 AIRF wieFstal vl Al nitrite SHEE (NO)E
Griess ¥hg-ol &l 543k tH(32).

A 2d d723%

1. AFAE o] &3 U4 T

Agd wiFEds Fetr] ekl 4 g S MeOHR F=, X8kl =
o derek H, BuOH=Z A} #F % =xsto] MeOHOl ¢ 10 mg/ml =9 A&
2 5o YAREES WElE Cz2 &3y, A&E silica gel TLC plate
(60F954, Merck, Germany)®] st 25 E] 5 mm HE YXo AAsA 1L, A 59
A7/0g = chloroform/methanol/water (4/2/1, v/v/v)e old|&=& AFg3te] A&t

St} A7) & anisaldehyde sulfuric acid® #%-8lx 7}&3sle] A T}

A mEele] B RS 1 mgmlE %3l 5 w4 FYPon], oFae
0—5+% 30% CH3CN, 5—40% 30—80% CHsCN, 40—50% 80% CH3;CNO. = slof -5

0.5 ml/min, AN ZE YMC—Pack C18 column (26.0x150 mm, YMC Co.,
Japan) & AH&ERGITH EFEAZA compound K, Rh2, Rbl, Rg3E AME3I3lom.
Fig. 1A%} #o] 4=AF9] protopanaxatriol ginsenoside?l Rb1E& 24 Etoj, RblolA 3
wdo] 17] wafEo]l AAE Rg3e 33 el 36 &, RblellA E=wde] 271 #3f
o] AAEAY Rg3olA Ex"o] 170 Ea=o] A7A% Rh2e] 7 3

o1sk 4= 9J9ith. 3 protopanaxadiol ginsenoside®A] Rh29} o] Exdo] 27) &
sl=lo] A AH compound Ko 72§, Rh29} FAFSHAl 43.0 #ellA gl & 4= S
t}. Compound K¢ S vwstr] ¢ty % & 0F compound Kol s

3= peak?] WA o] FU1EE AL E ¢ AAH(Fig. 1B).

—{0
B
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(A) (B)

3.54

1000 3.01
Compound K —»
2.54
N
3 2.0 4
= 2
A
g 151 -
=
1.0 4
0.5 *
-
i o 23 - 7S = 0 1 2 3 4 5 6
s Compound K (mg/ml)

Fig. 1. Quantitative analysis of compound K. (A) Representative HPLC
chromatogram of authentic ginsenosides as standards. YMC—Pack C18, @6.0x150
mm; A, H.0; B, CHsCN; 0—5 min, 30% C; 5—40 min, 30—80% C; 40—50 min, 80%
C; 0.5 ml/min. (B) Standard curve of compound K by HPLC.

. s 2aE AT ATAY AF

Compound K&} A28 AEAS TAs7] f5te] AAAZA o]&Ha & 5
Mol w5 st 4kt A s dsidnh. 4t 6 I FAE A R
A7kl T ]detel Am = ARRSIGlAL, Y8 E YA R 28I EHdte] AER
Abgstdth. AAARE B subtillis KCTC1666, A. oryzae KCTC6292, S
cerevisiae KCTC7919, L. plantarum KCTC3108, L. acidophilus KCTC31557} o] &
Haow, w1t A Had it 10%% 742 HFsko] 37ColA 150 rpm o=
5 ARb vjFeAt. Aol oFk gake] v =12 Table 13 294t

Az AeEdS gQletr] flste] 4bdase] BuOH

TLC plateo] A3t C/M/W (65/35/10, lower phase)ES 7

=53 &4 silica

4

==

3} % anisaldehyde
sulfuric acid® #F38te] WMAIZ A}, Fig. 20|49} o] A, oryzae KCTC6292%
HlFgE 8= Rfx| 0.9 F2ollA 2ol AFE Ao s AEWsE &
olst 4= gyl oy, B subtillis KCTC1666, L. acidophilus KCTC3155, L. plantarum
KCTC3108 ¥ S. cerevisiae KCTC79195 #7Fste] wjfst it = dEA S

18 4 ¢l 90% MeOHS AMEm & & RP-18 TLC AFAAE =4 TLC

A EAH EFZ FAHHE spots EJAT § AATH(Fig. 3). 3+H 4 #7139
A 31 A. oryzae KCTC62929] ZFujekoivlo 2 wjokst BB ole|dt H3

EAS gold 4= Q7] uiEol AESEALS A oryzae KCTC6292 vl =z}A] <
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o2l
L)
32

o) otdet A. oryzae KCTC6292¢] ola] H&he 4t fefjd ez
ot

Table 1. Fermentation condition of Undried Ginseng by Probiotics.

Probiotics Medium Cultural Conditions F;r;;al
Bacillus subtilis Nutrient broth | Inoculation size : 10% 30
KCTC1666 (BS) (Difco) 37T, 120 rpm, 5 days :
Aspergillus oryzae Potato dextrose | Inoculation size : 10% 70
KCTC6292 (AO) broth(Difco) 30T, 120 rpm, 5 days '
Saccharomyces cerevisiae . Inoculation size @ 10%
KCTC7919 (SC) YM broth(Difco) | o190 rpm 5 days | 2
Lactobacillus plantarum . Inoculation size : 10%
KCTC3108 (LP) MRSWDifco) | 575~ Standing, 5 days | °°
Lactobacillus acidophilus . Inoculation size @ 10%
KCTC3155 (LA) MRSMifeo) | a7e0 " Standing, 5 days | 0

— N e
b sl ‘.’u sy -

BS* BSL BS2 AQ* AO1 AO2 GI G2 SC1 5C2 LA LP

Fig. 2. TLC analysis of fermented Ginseng by probiotics. Silica gel 60Fsgs4
TLC plate; chloroform/MeOH/H.0(65/35/10, lower phase); BS, Bacillus subtillis
only; BS1, 1st fermented ginseng; BS2, 2nd fermented ginseng; AO, A. oryzae
only; AO1, 1st fermented ginseng; AOZ2, 2nd fermented ginseng; G1, autoclaved
ginseng; G2, unautoclaved ginseng; SC1, 1st fermented ginseng; SC2, 2nd
fermented ginseng; LA, fermented ginseng; LP, fermented ginseng
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S I'TE

A -»

=il « <w=wm - — e

BS1 BS2 AO1 AO2 G1 G2 SC1 SC2

Fig. 3. Reverse phase TLC analysis of Undried Ginsengs Fermented by
Probiotics. RP—18; 90% MeOH; BS1, 1st fermented ginseng; BS2, 2nd fermented
ginseng; AQO1l, 1st fermented ginseng; AQO2, 2nd fermented ginseng; G1,
autoclaved ginseng; G2, unautoclaved ginseng; SC1, 1st fermented ginseng; SC2,
2nd fermented ginseng.

t}. A. oryzae KCTC6292& o]£3% 4o o=k iy

Fig. 20 Wb REA| 0.99] tiAMEES] A s HESL] flate] F4ke] &
g ERE st ARSI T NS 10% A oryzae KCTC6292% 1l
gstar 4kl F& A7 5%, 10%, 20%= o, Wi G 0 d& VFoR
ato] 3 AdA, 5 A, 8 A, 10 AA wFAS 3|53tk Fig. 4A= 5% T4
Fig. 4BT 10% <4}, Fig. 4C& 20% T4toll X el A. oryzae KCTC62929] 2|3+ x5}
H HstE BHolFal gtk 10 d7bA] A vkt 23, dskEde] 3 AR A4
H7] A Fste] wjg T 5 oA 8 AR 10% Fite]l AE H3ES TLCE Eal
& F AU A=A IS St A Ze 4 A=A FoAARES
ginsenoside Rbl, Rg3, Rh2, compound K¢ HPLCE Eslo] Hlw3d Ay HAg=
E4o] compound K& EA3 retention time (RT)Ql 43 B3 AXstH A. oryzae
KCTC6292¢9] oJ3f F4te] #gkel = del= compound K7F E§H o] d&S &
T UAH

AatEl BAS e AAEH7] 9ated, Fab 3 ke WA R B35 30 L potato
dextrose broth Wi} &7 Wi d &, TGS A oryzaes 10% HE3t] 50 L
¥ Z(Biotron, #=1)olA 30°C, 120 rpme2 5 UZF wjF3ich. Abgd daxts
BiotronAte] Pilot 50L fermentoro]™ Z%7] ®jokol o] pHE 4.910] 01} vk 2 UA|
pH 6.6, Bl 4 AR = pH 6.96, vl 1= 5 €A pHE 7.672 4533 oh(Fig.
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5A). Wk 7t Bk F7]E 30 vwwml R 1ASHY I, saponind] 93 AZ AL
w2 &7 Y8k AFA(LS—303, Dow—corning, 3FH+)2 1 A3 4 L& 2 3] H7}
stith 2 ¢, 4 4 5 e wRES It MeOH FFstal 343 AlRE
HPLC3lo] = vt o] Hdee compound K & Hlwg Ay}, w2 ¢
FH A&7 AFete] 5 dA Hoje AP Y= 2SS @lsk Atk (Fig. 5B).

|

e
ﬂod

(4) (B) (©)

Biotransformed
compounds
o

Day(s) after fermentation  Day(s) after fermentation Day(s) after fermentation

Fig. 4. Culture Profiles of Fermented Ginseng by Aspergillus oryzae
KCTC6292. Silica gel 60Fs54 TLC plate; chloroform/MeOH/H.0(4/2/1, lower
phase). (A) 5% ginseng, (B) 10% ginseng, (C) 20% ginseng

(A) (B)
Tz ¢ j o E = o
=% g |
4 i

gzso i | ﬁ w
2 — I .
2200 ik |
X 200 1Y a0
L] il
5 150 J |
=3
: I
E £ | ! m
S 100 | |
s i
S L O 1
= ! ‘ Al :
LIPS E— My | \-IM.L« Sl Mosnblne =

0 5 ® f : -'-'_'JLJ_ﬁ o

Culture time (days) 4 . i i i i " i "

Fig. 5. Cultural Profile of Undried Ginseng by Aspergillus oryzae. (A)
Profiles of Compound K and pH during Fermentation of Undried Ginseng. (B)
HPLC of Undried Ginsengs Fermented by Aspergillus oryzae. YMC C8 6.0X150
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mm, 0—5min, 30% CHsCN; 5—40min, 30—80% CHsCN; 40—50min, 80% CHsCN, 0.5
ml/min.

gt AFEZD WG2-2-13 WG2-2-29] £ L AHA

A. oryzae KCTC6292=2 Wg3dte] oz A ujdkdozRE compound K
R AERE ASd=dS Eetr] fste] wigd S AR st e IdER
Ui JAES 30 LY MeOH=E 2 A3t &8tk &2 Fgd $4te] MeOH
FEE+5 ethylacetate (EtOAc)E 3 3] FFsto] 5FA17 &4+ 95 chloroform©.
2 =219 silica gel columnol A chloroform®} methanol®] H] &L @A HoR =7}
Al 715 step—wise €39 (chloroform : methanol = 50 : 1 — 10 : 1, v/v) 2.2 A7
dtel WG1, WG2, WG3E ®2l8dth(Fig. 6). °] & &40 ¥& WG2E Ad9sd
2 2 silica gel column chromatography 3}lal, ojw] AL HE
chloroform/MeOH/water (65/35/10, lower phase)= AF83te] WG2—-13 WG2-29]
2E8& Fysiolen &40 ¥ WG2-2% 80% MeOHZE %% RP-18 column

chromatography 2 £%3}%1t}. Reverse phase column chromatography® £&% &

>

J83S Fig. 78 #Zo] HPLC (3 ml/min, 70% acetonitrile ; 1144, YMC C18
column, 20.0x150 mm ; detector, PDA)E o] &35l WG2—-2—-1 35 F2]359 ).

Fermented ginseng
for 5 days in potato dextrose broth

[ centrifuged

[
Supernatant Precipitate
extracted with MeOH

[

’ Ethylacetate extraction ‘

[

18t Sijlica gel column chromatography ‘
[ etuted with chioroform/MeOH (10/1)
l

’ Crude WG1 ‘ ’Crude WG2 ‘ ’ Crude WG3 ‘

’ 2nd Silica gel column chromatography ‘
[ eluted with chloroform/MeOH/water (65/35/10)

|

’ Reverse phase column ohromatography‘
‘ [ eluted with 80% MeOH

’ WG2-2-1 ‘ ’WGZ—Z—Z (Compound K) ‘

Fig. 6. Purification Scheme of WG2—2—-1 and WG2—2—2 from Fermented
Undried Ginseng.
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(A) (B)

1
- || - WG2-2-1

o "

WG2-2-2 (cdmpound K) —»ﬁ o . |
. - \GE2-2-1 ‘ |
“ . |IrllI A ||I

— LY L S N

1 2 3 4 3% % %

Fig. 7. Purification of WG2—2—1 from Fermented Undried Ginseng.

(A) TLC analysis of WG2—2. silica gel 60Fss, TLC plate; chloroform/MeOH/H;0
(4/2/1, lower phase); 1, autoclaved ginseng; 2, fermented ginseng by AOQO; 3,
partially purified compound WG2—2. 4, Compound K. (B) HPLC purification of
WG2—-2—-1. YMC C18,220.0x150 mm, 70% MeOH, 3.0 ml/min

ul, AEFD WG2-2-29] A

A. oryzae KCTC6292¢] & H3d WG2—2—27} compound KY-& &H¢ls}7]
#13te] compound Ko iTE2 & ol waldt WG2—-2-29 LR-MSE F3 34

Hlaskgith 270 9= 50~750 m/z2 FUAL £F 40 CTH Hd 340 CT7HA] =&
wAeE A3, Fig, 8ol4 B 7]Eo] &% compound KO A 621% 4 (33,
34) 135, 207, 341, 425 SolA &= molecular ion peaks 918 4= 9lglom
compound K¢} WG2-2-29] Aol sdste] Ak =4 WG2-2-27}

compound K95 &<2l&}it}.

Compound K

g b0 5n7532 562987 614 641 674
29 k., 807532 562

500

Fig. 8. LR—MS Spectrum of WG2—2-2.
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b, B & 53

wjoket wastEn FE, gAT EHo AYEds FAS] st I,
DPPH free radical 22424, PC—39 MCF—7 Ao that AE54S At
1) 78 53

s FAer] Astel A | #F B subtllis KCTC1021, P
aeruginosa KCTC1750, E. coli KCTC1924, S. typhimurium KCTC1926, S. aureus
KCTC1927, C. albicans KCTC7965, M. furfur KCTC7743 1%% LB 3-dui=|o] 3
%3] AA plate® AR T Paper discoll 24 Al59 FEE 10 mg/mlE W3
o] 50 pl#¥ loading 3t o™, disc T &% Al59 42 500 ugolth. Table 3ol A]
o} o] Ao Argd FXolME B subtillis KCTC1666, S. cerevisiae
KCTC7919, L. plantarum KCTC3108, L. acidophilus KCTC31550 2|3+ <14l ukg
29| Aol vebuA ekgkth. Te]al A, oryzae KCTC6292¢] ols) thad wj¥
B e BFAEAE 99 test organismol I A7 BAHS AF UEhA @2

stom Bag wkel ofshd Aol thEk Hals obA A gl

Table 2. Antibacterial Activity of Ginseng Fermented by Probiotics.

Test Organisms“
BE | SL | BS | 209 [R209| C

Bacillus subtilis KCTC1666 -2 - - - - -

Probiotics

Aspergillus oryzae KCTC6292 - - - - - -

Saccharomyces cerevisiae
KCTC7919

Lactobacillus plantarum
KCTC3108

Lactobacillus acidophilus
KCTC3155

Unfermented ginseng - - - _ _ _

Fermented ginseng” - - - _ _ _

V' Staphylococcus aureus(209), Staphyiococcus aureus(R209), Escherichia coli( BE),
Bacillus subtilis(BS), Salmonella typhimurium(SL), Candida albicans(C)

2500 1g of MeOH extract from fermented ginseng

*) Fermented ginseng by A. oryzae.
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2) DPPH free radical 2A8AY 3
DPPH radical 271874 4% fldte] 24 #39 $5EE5 10 mg/mlz s3] A
0

o] o] &3t} 96—well plated] 1.5x10°* M DPPHEZ 90 nl& 93 345 A=

= 10 pl 4o Aol 30 E37F WA3 thg ELISAS o]83lo] &33% 490 nmol
A =Astgh A5 5= 1 mg/ml, 300 pg/ml, 100 pg/ml, 30 pg/m 7} A 3+
=3 A¥ gro] ol Yoy, B Aol A/ HolA E5S & 5 U

1
i, s gFEHoer Aol YElES B F v agla B3 WG20 A 9
DPPH radical &~A€4de] 1 mg/ml2F 300 pg/mlolAl 7t A4S g1d = Ao

(Fig. 9).

I control
/1 1 mg/ml
I 300 ug/ml
0.4 - 1100 ug/ml
) I 30 ug/ml
0.3 -
£
=
[=
g 02
a
o
0.1 A
0.0

control WG1 WG2 WG3

Fig. 9. DPPH radical Scavenging Activity of WG1, WG2, and WGS3.

3) NEEA &3

PC—3%} MCF—=7 A Xl th3at AZE5AS dolr 7] 91kl 48—well platedl] 1x10°
cells/250 ple] cell& ¥F3ke] 12 Az Hol WG1, WG2, WG3E HF =7} 30
ug/ml, 10 pg/ml, 3 pg/mlo]l ¥A Aelatqitt. 1e]al 48 AJZbE<E 37°C, CO, AlEH]
k7)ol A wfkelt e AbS NS A AE I Triazolyl Blue Tetrazolium BromideZ
0.5 mg/mle] A @& F 37ColA 4 AzHEer B3Ptk DMSOS Yol
Fomazan 24L& 243] =o]i, thA] 96—welle] 100 pl® BF3ld &3 % 540 nm

o] ELISA reader® A3t WGl, WG2v % of&EHo= PC-3 A e}
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e &4 k¥, HPLC (YMC C18 column, ©20.0x150 mm, 70% MeOH, 3
ml/min) & F38le] 2l B (WG2-2-1)lA AEFAo] YepgS geld 4 U3
th WG2-2-2% WG2-2-19 3] AE5A &gdo] 9 Zgom, old AxE F3
WG2-2—-12 WG2—2-2¢] T3+ @A9] drmtesls 4 &+ AA(Fig. 12).

WG2 WG3

Fig. 10. Cytotoxicity of WG1, WG2, and WG3 on PC—3 cells.

W

1.2 4

1.0 |
0.2
0.0 T
WG1

Control

0.D (540nm)
o o
o ©

o
IS

I control
1.2 1 30 ug/ml
N 10 ug/ml
1 3ug/ml
1.0 -
—~ 0.8 -
£
c
S
0 0.6 -
aQ
O 04-
0.2 1
0.0 T
control WG1 WG2 WG3

Fig. 11. Cytotoxicity of WG1, WG2, and WG3 on MCF—7 cells.
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1.4 - I control
1 100 ug/ml
N 50 ug/ml
1.2 4 1 25 ugiml
I 12.5 ug/ml
1.0
£
S 0.8 -
<
e
a 0.6 -
o
0.4 -
0.2
0.0 T
control WG2-2 WG2-2-1 WG2-2-2

Fig. 12. Cytotoxicity of WG2—2, WG2—2—-1, and WG2—2—2 on PC—3 cells.

2. & BEfase T A4 AF

ok

N
>
rlot
e

o9 2% 2 #A

245 AP AFEUR Y Wegs FEES WS IdRvE Y ¢}
AmntEIfIE o] &dte] WA mAlol=E EA ST WS ARt E L
714 A 60 F254 vt 2nlE 183 FH(Merck, Germany)ZS AF83F3 o1
—HEE-=9 HES 4:2:1% 8o ok 7] 8-S A& AFE-S)
7 2%, anisaldehyde sulfuric acid® E%F3}a 110Co)A ok 10 &7 71238}

= 1 mg/mlE B39

" b
il b I ot
oy £
S

¥
£
o

H

AENA AZetEOH Y 2L A=Y F
A Fstlen, ojsdor &3 ot EYIERS FuH] 30%= sho] 51t
Z31, 40871 A= 80% oAl ELO|ER, 40504 505744 80% ofH Er}olE
TS Fu 459 05 ml/min® d9on mgAo 2= YMC—Pack C18

L)
i3
1=
>
S
iv

column (26.0x150 mm, YMC Co., Japan)<2 A}-&3}9it}.

U 549 A3

Saponin® A3t o] g% FEIHEALQA  AMG, Pectinex, Viscozyme=



NOVOZYMEALS] A|E& o] &3t t. AMGS} Pectinext™ Aspergillus niger=%-F
Akl maoln] HA pHi 4.501a A k= 60Co|th. 12]al Pectinex®] 74
pHe} &%+ pH 3.5¢ 50Co|t}. TESE ViscozymeS Aspergillus aculeatus -2 2]
faolm A pHE pH 50]aL, HA 22X+ 55Tt

a4 AAHE fste] AEE AREE saponing 5%= AL AHEFHTE G4

f

2 o] &% 1 9+ AMG, Pectinex, ViscozymeS 2tz 10%7F H A H7ste] 37Cel
A 150 rpme®  FE wjkd A, Pectinex® A3 saponinolA Ak
ginsenoside?] Z=E3 AR oz 2d# A compound K7} AAAEHE AL TLCE E3)
g = AaL(Fig. 13), HPLCE & 23 29 &, 34 &, 40 2dol= M=& =2
o] BAES AT F AUAT. AMGE AP saponinol A= M= A=4 H
compound K& AAE A &¢ki, Viscozymes 83+ saponino]lAlE compound K
7 R RS AT 5 A (Fig. 14). 9] Aa2 AMGS} Viscozymes
of AU SHFolnw AMEE A& EA3} compound K7} 4

e
oz wol A3H PectinexdE AEEe] thE A5 2 &30}

2

_O|L
2
tlo
£
2l
riet
ot

» b
.

Fig. 13. Ginseng Saponin Biotransformed by AMG, Pectinex, and
Viscozyme. Silica gel 60F:s5: TLC plate; chloroform/MeOH/H:0(4/2/1, lower
phase); 1, biotransformed saponin by AMG; 2, biotransformed saponin by
Pectinex; 3, saponin; 4, compound K; 5, biotransformed saponin by Viscozyme
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Fig. 14. HPLC Chromatograms of Biotransformed Saponin by Enzymes.

YMC Cis ©6.0x150 mm; A, H20; B, acetonitrile; 0.01—5 min, 30% C; 5—40 min,
30—80% C; 40—50 min, 80% C; 0.5 ml/min. * Compound K, #** Biotranformed
saponin by Pectinex, (A) 5% saponin, (B) Biotransformed saponin by AMG, (C)
Biotransformed saponin by Pectinex, (D) Biotransformed saponin by Viscozyme

t}. PectinexE ©] &3 Q4 A =Alo|=9] AF

A A=Al =5 g13tE K2 A3st7] 98t 5% <A4A7| 2~ 5% &4t
A7), 5% T4 B, 10% 4, 5% Akl 5% PectinexES A 2l3ke] 50T A
BAE SN T 75% WEHESER FESA FEeR 3535
o stghE K29 AdS &N A F2uE v 2 vl F4 313t (Fig. 15). 0
d, 14, 29, 3499 ANRE gt B Ad 0 I BE AlmolA] 55
grokot QA AR EFolA 1dREH FE K7 Hu2 A
o] 3U7HA] FAE AL b2 Askel wlE) 5% A4k Ao e Kz A3
fo] 7HE wokom, 5% M4k, 5% T4V~ AR ve HAEES Bl 1

U 10% V4, 5% Ao A, e K2 dggo] yiolk.

it
=
rr
Y
>J
jﬂ i
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- day
15 2 days
B = days

14

12

10

0g

05

0.4

Production of Compaund K (me

0.z

oo
RLG RG RGP GE RE

Ginseng Products

Fig. 15. Amount of compound K produced from ginseng products by
Pectinex. RLG: rootlet ginseng; RG: raw ginseng; RGP: red ginseng powder;
GE: ginseng extract; RGE: red ginseng extract.

Z}. Pectinex®] H3Z wk§ =4 AA

m 4ol th&k Pectinex 2] pHel ek F&FES xAMsH7] f1ste], 5% mlitel 5%
PectinexE A& stal pH 3, 5, 7, 99 Z7AdA 50Co|A 150 rpme= ZHZF 3 L7t
HjFstar shets K2o AeaS dolr tth(Fig. 16). pH 33 pH 504 = 1445
Y shetE K7F A2 A E7] AFete] 3474 Blset Al A HRAeH, pH 7
7 9ell= 1dA AAET] AlAEte] 3Y Aol HulE ASESTE g RS2 R
3k J&S A7) $3ke] 5% ulitel 5% PectinexE A @3kl pH 59 7ol A
25, 37, 50, 55Co| A4 150 rpmo. 2 Z}7} 3 L7t vl s3tsE K2 A3&S
o} ¥ QFtH(Fig. 17). L A3}, w2 50-55Co|A A2 AgHAch. 28} 25, 3
TColl A= H3go] wtgrt. mebA] mAtell Pectinex® A gshe] s}3tE K29 3
< 93ixE 50C ooz A& 7hete #go] Fastrh g a4 A Al m4te]
ekl e 9GS xAE7] 918ke] 0.2, 1.0, 5.0, 10.0, 15.0% 4ol 5% Pectinex
=2 Agstar A= 5, 50Co|A 150 rpme 2 ztzb 3 A7k vjeksla 313tE K29
&S dolr gttt (Fig. 18). 1 A7, 1dAel= 5.0-15.0%°0 A4 vl&=s &S B

ne
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Fdo} 2-394= 10.0-15.0%°14 HE 3E K2 A8k o} uepa] njito=z
BE 31E K2 Ho Askelr] YgaiAd+= 10.0-15.0% w4, 5% Pectinex, pH 5,
50—-55Co A 150 rpm& 2 Z}Z} 2—-3 A3F vk A|7]= Ao FH A o3t}

. 1 day
144 [ 2 daye
. G das

0 4

044

Froduction of Com pound K (ma/ml)
=
oo

0z 4

£H

Fig. 16. Optimal pH on the production of compound K from rootlet ginseng
by Pectinex.
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I 1 day
16 - [COzdae
E :dae
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1.2 1

1.0 4
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0.4
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Fig. 17. Optimal temperature on the production of compound K from rootlet
ginseng by Pectinex.
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Fig. 18. Optimal concentration of rootlet ginseng on the production of
compound K by Pectinex.
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A RP-18 AP FRrEIYHE E5lo] AAwAlo]=E F1 (PG-1)& 14 g,

of
N,
ma)
18

70% "ol A= PG-2(154 MM Aol =)E 310 mg w3t 70-80% ™ &-&
M= 3E Y (PG-3)¢ 33E K (PG-4)E LE PG-39 PG—4 E3E2 2
2k A7 AdhaEetEag v s 3 ANE SR X5 -we&(20:1-10:1, F
gn))e] o)A WaRe] 5185 Y (PG-3, 250 mg)¥} 3% K (PG—4, 4.2 g)
= AT (Fig. 19).
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‘ Biotransformed roctlet ginseng ‘
exiracied with MeOH

Supernatant Precipitate

‘ BuOH extraction ‘

‘ 13t Silica gel column chromatography |

washead with ethviacelate
sfuted with chioroform/Me O/ water (4/2/7, lower phass/

PG complex

‘ Reverse phase column chromatography ‘

&0% pMeOH 70% MeOH | 80% pMeOH
| P2 | | Pas, paa |
|

2nd Silica gel column chromatography ‘
|efuf‘eo‘ with chicraform/MeOH (2071}

| Pas | |PG4 (compound K) |

Fig. 19. Purification Procedure of PG—1, PG—2, PG—-3 & PG—4.

v}, Pectinex X 2& %3 ASE 3YE K9 54
oe] 7b AANHL Fel D& RFA PGF-1, PG-2, PG-3, PG-4% WF
AzvtEads, a&dA azvkeady, AArleE Som 7]7]EA 8

£
1
BN

—=(8:2)= HA/fstals wl Rfzke] 0.60°0ltk. H3k €A Axpr|yry AFAEFH(6)
16.5, 17.4, 17.5, 17.6, 17.8, 22.3, 23.2, 25.8, 26.7, 28.2, 30.8, 31.0, 32.0, 36.2, 39.4,
39.4, 40.4, 41.2, 47.5, 49.2, 49.9, 51.4, 51.6, 61.8, 63.0, 67.6, 70.2, 71.7, 75.1, 78.3,
78.5, 79.2, 83.3, 98.3, 126, 131 ppmollA] signals® X PG-1& 20-0-8
—D—glucopyranosyl—20(.S)— protopanaxatriol (FAx=Alo]= F1)o 2 &A%Yt Fig.
20).

o B2 PG-3(3tHE V)9 =gdshd A2 Mo FAY EdeA 7|44

60 F254 B+ 2ulE 1|9 E o] &35lo] FRZEE—v|etL -5 (4:2:1, o}g|=)= A
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Nk w Rfgko] 0.500]3L RP—18 WtF A ZvlE 19 & o] &3lo] WetE—5(8:2)
2 ZANsS o Rfzke] 0.350]th EdF ga Iy ~FEH(§)> 16.1, 16.3,
16.3, 17.4, 17.9, 18.8, 22.3, 23.2, 25.8, 26.6, 28.3, 28.7, 30.7, 30.8, 35.1, 36.2, 37.4,
39.4, 39.6, 40.1, 49.5, 50.3, 51.4, 51.7, 56.4, 65.6, 68.6, 69.2, 70.2, 71.8, 72.1, 74.1,
74.9, 76.7, 78.1, 79.3, 83.5, 98.1, 104.78, 126.0, 131.1 ppmellA] signal& ¥.o] PG—3+
20— O—[a—L—arabinopyranosyl—(1—6) —B3—D—glucopyranosyl] —20(.S) —protopanaxadiol
(e Y)om FZ=AH(Fig. 21).

g =4 PG-4(3sHE K)o =2i3tehd A3 wAe] £33y EdeA 7144
60 F254 Bt 2vnE 95 o] &dle] SREEXE-WES-E(4:2:1, o} FT)=E A
kS w Rfgko] 0.700]3L RP—18 W5 A ZvlE 19 & o] &3lo] WetE—5(8:2)
2 AN S wl Rfgke] 0.300] Tk E3 Bha dxpr]ay ~HER(6)S 115.9, 16.2,
16.3, 17.3, 17.6, 18.7, 22.2, 23.1, 25.6, 26.5, 28.2, 28.6, 30.7, 30.9, 35.1, 36.1, 37.2,
39.3, 39.5, 40.0, 49.4, 50.2, 51.3, 51.5, 56.2, 62.8, 70.0, 71.6, 75.1, 77.9, 78.2, 79.2,
83.1, 98.1, 125.9, 130.8 ppmollA signal®& o] PG-4%=  20—-0-B

—D—glucopyranosyl—20(.S)—protopanaxadiol (Z&E K)oz HAF A} (Fig. 22).
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Fig. 20. ®C Assignment and Chemical Structure of PGL.
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Fig. 21. 3¢ Assignment and Chemical Structure of PGI1.
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Fig. 22. 13C Assignment and Chemical Structure of PGL.
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Aite] tdirpbES A S XSS oy x| Ay Edde] Ruyglon T4
g AEoze Alxdo]l d# A 9tk Pectinexoll o3 M3ke #4284

At AeEA AMx=Ao]= F1(PG-1), 3t3HE Y(PG-3), 83H&E K(PG—-4), PG—29]
A3 (Fig. 23)¢F 189k A3 MCF—7 Al3E(Fig. 24) 49

o= F1(PG-1), 3t8% Y(PG-3), 3}3E K(PG—4), PG—2¢l Ao = waxon 1

<, 3= K2 4" PG-49 45 v& 4oz 7P w2 dggdS B3
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Fig. 23. Cytotoxic activity of ginsenosides metabolites on the prostate
cancer PC—3 cells.
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Fig. 24. Cytotoxic activity of ginsenosides metabolites on the breast cancer
MCF-7 cells.

3. HiZAl 23 R BHo] ALE ]8T Y A

7V, WEA Thermus & 45725 a—glucanotransferase F3X FH
1) Thermus a—glucanotransferase 2 A+¢] cloning
WA E 28l e B3E 7hsAdeo] e a4 5 7S fAAE SRt 9
= maltogenic amylase ¢ B—glucosidase ¥ e a—glucanotransferase
(amylomaltase) 74 A& cloningdli2Al 3F¥ . WEAHS 2= 5405 FHE7] 9
sted WEA o592 Thermus & +F25E a—glucanotransferase® search 3+ A3},
T. aquaticus, T. scotoductus, T. thermophilus=5-€ §AA7}F 484 Qo). wat
A olE o9 92l Thermus brockianuss ©]83F9] a—glucanotransferase 73
2o SR E AESAT). 7. aguaticus, T. scotoductus, T. thermophilusZ%-¥ &
2 2 LS Hlaste] 7hs/d o] 9= PCR primers v o] A|lxskqltt.
5°—3" primer : ATG GAG CTT CCN C/AGC/G GCT/C TT/AC/T GG
3*—5" primer : TAC CGG/C CTC CGG TGC CCG/C ACC G/CAN ATC
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9 primerE o] &35l oleje} e Ao R PCRE 3359t} oW template:
Thermus brockianus® genomic DNAE AFE3FA T (PCR =7 : 94C 1min, 55T
1min, 72C 2min — 35 cycles). PCR A3}, Fig. 259 72 PCR fragmentES 4R L
™ pGEM T-—easy vectord] cloningste]l 97|14 <ES 33 ZAF}(Fig. 26), a
—glucanotransferase ¢} A93] F2 FAMES EHYS Flsta AlLsto] 23wy
S wEuz sk AVIME B4 AHE 92 Thermus 4 a—glucanotransferase
£33 sequence A WS A= Fig 273 2t} =, cloning ¥ 34 gHals)
A a—glucanotransferase 3F¢lo] g om GHAS] GFAE L B2 Thermus &

2 a—glucanotransferase$} 84—87% A% AW3] =& FAAS BHT)

Fig. 25. PCR products from 7Thermus brockianus.

- DNA sequence

ATGGAGCTTCCTTGCGCTTATGGTCTGCTCCTCCACCCCACGAGCCTTCCGG
GCCCTTGGGGTGTGGGGGTGCTGGGGGAGGAAGCCCGGGGCTTTCTCCGCTT
CCTGAAGGAAGCGGGAGCCCGTTACTGGCAGGTTCTACCCCTGGGCCCCACG
GGCTATgGCGACTCCCCCTACCAGTCCTTTAGCGCCTTCGCCGGGAACCCTTA
CCTGATAGACCTAAGGCCCCTGGTGGACCGGGGCTTCGTTCGGCTGGAAGAC
CCCGGGTTCCCGGAGGGCAGGGTGGACTACGGGCTCCTTTATGCCTGGAAGT
GGCCCGCCCTGCGGGCAGCTTTCCAAGGCTTCCGCCAAAAGGCTTCTCCTGA
GGAGAAGGAGGACTTCGCCCGCTTCCAGGAGGAGGAGGCCTGGTGGCTTCGG
GACTATGCCCTTTTCATGACCCTGAAGTCCCACCACGGCGGTCTTCCCTGGA
ACGCCTGGCCCTTGGCCCTGAGGACGCGGGAGGAGAGGGCGCTAAAAGAGGC
GGAGGCTTCCTTGGCGGAGGAAATCGCTTTCCACGCCTTTACCCAGTGGCTC
TTTTTCCGCCAGTGGGGCGCCCTCAAGGAGGAGGCCGAGGCCTTGGGCATCG
CCTTCATCGGGGACATGCCCATCTTCGTGGCCGAGGACTCCGCCGAGGTCTG
GGCCCACCCCGAGTGGTTCCACCTGGACGAGGAGGGGAGGCCCACGGTGGTG
GCGGGGGTGCCCCCGGATTACTTCTCGGAAACCGGGCAACGCTGGGGCAACC
CCCTTTACCGCTGGGAGGTTTTGGAGGAGGAGGGCTTCTCCTTTTGGATCGC
CCGCTTGCGGAAGGCATTGGAACTCTTCCACTTGGTACGCATTGACCACTTC
CGGGGTTTTGAGGCCTACTGGGAAATCCCCGCCTCTTGCCCCACGGCGGLGGA
GGGGCGCTGGGTCAAGGCCCCGGGGGAAAAGCTTTTCGCCCGCATCCAGGAG
GCCTTCGGCCGGATTCCCATCCTGGCGGAGGACCTAGGGGTCATCACCCCCGA
GGTGGAGGCCTTGCGGGACCGCTTCGGTCTGCCCGGGATGAAGGTCCTGCAG
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TTCGCCTTTGACAACGGGATGGAAAACCCCTTCCTCCCCCACAATTACCCCG
AGCACGGGCGGGTGGTGGTCTACACCGGCACCCACGACAACGACACCACCCT
GGGCTGGTACCGCACCGCCACGCCCCACGAGCGGGATTTCCTGAAGCGGTAT
CTGGCGGACTGGGGGATCACCTTTAGGGAGGAAGCCGAGGTGCCCTGGGCCC
TCATGCGCCTGGGGATGGCGTCCCGGGCCCGGCTTGCCGTCTACCCGGTCCAG
GACGTGCTGGCCCTGGGCTCGGAAGCGCGGATGAACTACCCGGGAAGGCCCA
GCGGCAACTGGGCCTGGCGGCTTCGGCCGGGGGAGATAAAGGAGGAACACGG
GGAAAGGCTTCTCTCCCTGGCGGAGGCCACGGGCAGGGTTTAA

- Amino acid sequence (total 501 a.a)

MELPCAYGLLLHPTSLPGPWGVGVLGEEARGFLRFLKEAGARYWQVLPLGPTGY
GDSPYQSFSAFAGNPYLIDLRPLVDRGFVRLEDPGFPEGRVDYGLLYAWKWPAL
RAAFQGFRQKASPEEKEDFARFQEEEAWWLRDYALFMTLKSHHGGLPWNAWP
LALRTREERALKEAEASLAEEIAFHAFTQWLFFRQWGALKEEAEALGIAFIGDM
PIFVAEDSAEVWAHPEWFHLDEEGRPTVVAGVPPDYFSETGQRWGNPLYRWEV
LEEEGFSFWIARLRKALELFHLVRIDHFRGFEAYWEIPASCPTAVEGRWVKAPGE
KLFARIQEAFGRIPILAEDLGVITPEVEALRDRFGLPGMKVLQFAFDNGMENPFLP
HNYPEHGRVVVYTGTHDNDTTLGWYRTATPHERDFLKRYLADWGITFREEAE
VPWALMRLGMASRARLAVYPVQDVLALGSEARMNYPGRPSGNWAWRLRPGEI
KEEHGERLLSLAEATGRYV.

Fig. 26. Sequencing of PCR products

- Phylogenetic tree of 7. brockranus a—glucanotransferase

r T.aguaticus GTaze PRO
L T thermophilus GTase PRO

57 T. scotoductus GTase.PRO

8 6 4 2 0

- Pair distance of 7. brockianus a—glucanotransferase

Fercent ldentity
1 2 13 114

T. aguaticus GTase.PRO

T. scotoductus GTase PRO

T. thermophilus GTase FRO

T. brokianus GTase. rivised PRO

Divergence

e P PR

- T. brakianus GTase. rivised PRO

Fig. 27. Phylogenetic tree and Pair distance of Thermus brockianus «

—glucanotransferase.
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2) T. brockianus a—glucanotransferase +3x+e] &¢&
o] 7]E] Hol

Abgo] ® p6XHisl195 o]&ate] LS Amsilon Aa2l dde] HA4 &3
t}. A o2 vector$l pRSET vectorE AF&3ste] @3S A =s T o] pRSET
vectori= T7 promoter®} histidine tage ¥3F3tal A+ vectore]th. Cloning® 7.
brockianus a—glucanotransferase 422 pRSET vectordl] AFlslo] whulz o] A
At g4 FAS A Ay, AFAHORE T brockianus a—glucanotransferase 2]
A7 B E = s Felskgln

of w AR dd WS v AUk A= T brockianus a
—glucanotransferase F{1AE Xt dujdst S LB 8 x]o] HEstal

mM ¢ F=7} A H7+E

3
7C oA 3 AIZE EF vjkEitt o] % PTG & 10 < 3
AIZE 7VeE F7F v FEtar cell lysis 3F %ol glucose oxidase methodE ©o|-&3le] &

AL AP A3 FR ez waE ANES T brockianus a—glucanotransferase S
Ni—NTA columng ©]-83}e] one stepl. & E2] AASHTE ol 45 65CoA

A
203 AAYE st WEAdS Za A B2 aass AAR ¥ 29, ZAE

|E3tgom Ralg wwAe] SDS—PAGE AL Fig. 283 7k},

>

Fig. 28. SDS—PAGE of purified 7. brockianus a—glucanotransferase. 1.
Standard, 2. BL 21, 3. Pellet, 4. Heat treated sample, 5. purified enzyme
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phosphorylase, Sulfolobus shibatase PB—glucosidase, 7Thermus brockianus a
—glucanotransferase (amylomaltase) A S clonings}ith. 4o A2 FAA}
= A+ expression vector?! p6XHis119e] A48t &8, AAES 1HHsHA &)
7] 918ke] histidine tags ERth EdEE @A Ni-NTA columns ©]-§3}o]
one stepl@ & AASI. AHAH AFE @zl SDS—-PAGE A+ Fig.
29¢F 2o 4 maae] &

oZ:

75kd
50kd

1 2 3 4 5 6 7 8 9

Fig. 29 Purification of various enzymes having transglycosylation and
carbohydrate—hydrolyzing activity. 1: marker, 2: whole cell extract, 3: purified
a—glucanotransferase, 4: Bacillus stearothermophilus maltogenic amylase (BSMA)
whole cell extract, 5: purified BSMA, 6: sucrose phosphorylase whole -cell
extract,, 7: purified sucrose phosphorylase, 8: B—glucosidase whole cell extract, 9:
purified B—glucosidase.

2) FA 4 E WjFA £ E4E o] 8§ U4 HEAE
AAE BAhE ol&ste] 4t AEHIE A =S 7t enzymeol QIAESH
Z 3} total volume 10ml scale® WFEAJZATH HFEA|7HE 0
3]

7} 3,6, 9, 12, 24, 36, 48, 72 hro. 2 M-S A F T} G o] &

=
-
=2
x
(@}
o
=
=1
=
=R
mi
J?l _1

dol A= axe 4F, dibEFHoel A= ginsenosided] TFH R st &
B o] Ab=o] AAEE Zow HolA skt Yy wigAE Ed = 3
= 549 Sulfolobus shibatase B—glucosidase®] 7% ginsenoside®] W3}= Foldt
T+ AATH(Fig. 30). Ginsenoside XX 93t TLCE F3P3 Ay, E3
Ginsenoside Rbi (G—Rb1) ¥} B—glycosidase”} WF-§-3}o] compound K= W3l= 2z}
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il

A& 4 Atk G-Rbi°] compound K2 Wa&=% Lolrr] & &5
G—Rbi ¥} B—glycosidase® Wra-A1Z1 A3}, G-Rb19| spoto] AFeHA] K

spoto] A7)% ATE AL F YA TLCZ 444 BAL vk, AsksFg

=
(@)
o
=]
)
S)
=
=
[oN

ol
7142 9k-$A]71 sample2 HPLCZ A S A3t 23 o2 60 A 9]
o] Hk&o] steady—state® =93l compound K7F A= A E L Bt (Fig.
31). HPLC 4 Z3} Rby, Re, Rby7F #ald A o2 Holw Al 7hx] &2 o]

o A7ltta BaEo] 9l Rd7F 1-12 hr 74A& Z748kal 12 hr o] F5-H &= 7t
3t S B TH(Table 1). RdolA o] sty @ojx YrbHA A7 compound
K Al 24 hr o]%¢] AN = Frtetes 43S Bl aga AS d4%

B—glycosidase BAL zZt= 2 g4% 742 FA4 L Hol= &Fstr] Y3t B

—glycosidase Themotoga neapolitana 3 B—glucosidaseS cloningdlal A A3k &

22 AHS SR ov T, neapolitana 3 B—glucosidase= ginsenosided] HTE
AoFS n %] £t oW A¥E B ato =7 wEl substrate specificity
b et gow ARS We 4 At

3361 p-glu B-glu 3361 3361
CS "W o aehr onr 3ene P

Fig. 30. Ginsenoside Rb; reacted by B—glycosidase from S. shibatae.
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Fig. 31. HPLC results by B—glucosidase from S. shibatae.

Table. 3. Relative yield of various ginsenosides reacted with S shrbatae (3
—glucosidase

Rb1(%) Rd(%) Fo(%) C—K(%)

Ohr 100 100 100 100
12hr 0 246.6 103.8 145.7
24hr 0 88.9 111 218.5
36hr 0 70.8 98.4 222.4
48hr 0 56.3 103.4 247.7
60hr 0 40.2 108.5 285.5
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gttt wgolwt T AEAF Ax AMEEHE HFESEH o 2Ed 2
T FFoldS ARSIt API—zym KitE o] &35t 4o AAH S 4
3 A3} Table 404 X+ vlel go]l B £/ Aspergillus oryzae (#4, 6, 10, 11,
18, 19, 23)¢} A. fumigatus (# 3, 12, 17, 24)°| A =L B—glucosidases] A& e}
et ey A fumigatus®] 75 ¥E AFAEEZEYH fFd HJou nAES
Hog 2FEo| HLrFAol Hormg Aspergillus oryzaed| FEste] the A
N3P} R( . 7 T Aspergillus oryzaed | ¥dte] wjokolo] A o] B—glucosidased
GAAS AFAor ARt 2 759 crude extract2A419 B—glucosidase &4
44 27 v Z2k(Table 5).

2) ¥%o] B—glucosidaseE o] &T UMY BEHS

ZJ'—

FFo] #F9 HidAE o] 83t crude cell extractE® A Z3FFIL crude

Y O

extractd TAZASL AdAHEA wE Fo| ginsenoside Rbl¥ ®HE3 & rlE
ginsenoside 2 9] A3S HPLCE Folskgith. AIZHS 12417, 24A413F, 48417 &

HABHAO R A, oryzae 6, 11, 197} &34
© =2 ginsenoside Rb1S biotransform® A& =HE 7ML A& &k
a3y 48A17F Wkt o] ANE WM A oryzae 6, 199 A= A EE
ginsenoside Rb1S compound K= AZsF o A oryzae 119 73§ ginsenoside
Rbl1& AFE ®Hgsi7|E 9oy ESF compound KE A&
50% =R A38l A= ginsenoside RAeF F2& Fof U]

i)
rr
Y,
rlo
K3
A
K

o

Ginsenoside®] A3 &85 S shibatae B—glucosidase &4
e gag 2AdXMY A oryzae 6, 199 ginsenoside Rb19 A3t §&<5 2y
Bt} Table 794 HXo] HAIda&S FFHo] Fd &4 A S shibatae B
—glucosidase®} H] 23 ez FFEHJOUY A &S50 Qojx S zfolE K

ATk, S shibatae B—glucosidase?] 79 HFS 24A17F Hol A ZE ginsenoside
7} compound K2 A3 =g or} +3o] & B—glucosidaseo] 7%

W Foof Aol o} o] FoHEFE gl 4 AT o= wkE 27t a
29 AL 30T A o]FoHAL S. shibatae B—glucosidased] 7A-$+= olHT} & 7
0Co A Hree HPslPtt. 22AH 02 ginsenosided WEHAI}E S shibatae B

—glucosidaseE AF-g3sle] H A3} 54}
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Table 4. Enzymatic activity of various fungal strains isolated Korean traditional food.

strains 1" 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | 17 18 19
1 unknown - -1 -1 -1 -/ -1 =1 =-1-1-1+1+ + | =1 = — |+ N
2 unknown - | ++ | + + - + — — — _ _ _ _ - _ _ _ " n
3 | A. fumigatus | — | ++ | + + N T T - - — + + - N F |+ | =~ | =
4 A. oryzae - | ++ | = — - + — — — — + T — _ Z + =+ | =
§) A. oryzae - - + — - - - - - — | ++ ] = T = = | == - —
7 | Arthrinium.sp | — - - - - - - - - — + + + _ — Z T _ _
8 | A. fumigatus | — | H+ | — - - - - - - — |+ | + — — — _ T = —
9 A. fumigatus | — + - - - - — - - - | ++ | = _ _ — — _ + —
10 A. oryzae - - + + - - - - - - + T — — — [ I PRV .
11 A. oryzae - =+ + | = |++]| -] = -1-1-1- — || = F | =+ | ]| -

12 | A. fumigatus | — e e — | | |

13 A. oryzae - + - - + - - - — |+ - — - _ = |
16 A. oryzae - | ++ | + + - + — — — — _ — = — — — " "
17 | A. fumigatus | — + | | - + — — — - ] + — _ Z T e =
18 A. oryzae - | |+ + — + — _ _ _ T+ | = = _ T Tor | = =
19 A. oryzae - - - — - + — — — — T+ | = _ Z T e =
21 A. oryzae - - + + + - + - - - + - - | ++| - — | ++ | | -
22 A. oryzae - - + + + - | | | - - - - - - = ||+ | - —
23 A. oryzae - - + + - + - - — — | ++ | ++ ]| - — _ T+t | =~ =
24 | A. fumigatus | — | ++| — | - | - | + | = | = | - | - | + | - — =71 = — T+ [ £+ ] =

* Fach enzyme is as follows. 1. control; 2. alkaline phophatase; 3. esterase; 4. esterase lipase; 5. lipase; 6. leucine
arylamidase; 7. valine arylamidase; 8. crystine arylamidase; 9. trypsin, 10. alpha—chymotrypsin; 11. acid phospatase; 12.
Naphtol—AS—BI—phosphohydrolase; 13. alpha—galcatosidase; 14. beta—glucuronidase; 15. beta—glucosidase; 16.
alpha—glucosidase; 17, beta—glucosidase; 18. N—acetyl—beta—glucosaminidase; 19. alpha—mannosidase; 20. alpha—fucosidase
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Table 5. B—Glucosidase Activity of Aspergillus oryzae strains.

No of strains Units/ml
A. oryzae 4 6.8
A. oryzae 6 18.22
A. oryzae 10 2.64
A. oryzae 11 13.46
A. oryzae 18 10.7
A. oryzae 19 19.18
A. oryzae 23 7.48

Table 6. Biotransformation of ginsenosides with fungal B—glucosidases

Transformed ginsenoside (uM), after 12 h

Microbes Rb1 Rd F2 CK Rh2
A. oryzae 4 810 16 18 - -
A. oryzae 6 492 196 185 - —
A. oryzae 10 799 18 21 — —
A. oryzae 11 516 182 - - —
A. oryzae 18 762 41 38 - -
A. oryzae 19 507 190 - - -
A. oryzae 23 753 53 46 - -

Microb Transformed ginsenoside (uM), after 24 h

crobes Rb1 Rd F2 CK Rh2
A. oryzae 4 836 - 10 - -
A. oryzae 6 24 628 196 114 —
A. oryzae 10 848 - - - —
A. oryzae 11 - 696 159 67 -
A. oryzae 18 802 33 - - -
A. oryzae 19 - 578 166 138 -
A. oryzae 23 821 - 21 — -

Microb Transformed ginsenoside (uM), after 48 h

terobes Rb1 Rd F2 CK Rh2
A. oryzae 4 825 5 12 — —
A. oryzae 6 - 14 23 824 —
A. oryzae 10 829 - 7 - -
A. oryzae 11 - 345 164 438 -
A. oryzae 18 799 26 - - -
A. oryzae 19 - 18 10 836 -
A. oryzae 23 809 - - - -
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Table 7. Biotransformation of ginsenosides with selected fungal @
—glucosidases

Transformed ginsenoside (uM)
Enzymes Rb1l Rd F2 CK Rh2
24h | 48h | 24h | 48h | 24h | 48h | 24h | 48h | 24h | 48h

A. oryzae 6 24 — 628 | 14 | 196 | 23 | 114 | 824 — —
A. oryzae 19 - - 578 | 18 | 166 | 10 | 138 | 836 - -
S. shibatae

B—glucosidase - B 20 11 | 32 | 28 | 852 | 842 | — -

3) S. shibatae B—glucosidaseE °o]€3 H3Z HEAZ =4 FH
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Table 8. Effect of Temperature on biotransformation of ginsenosides with
S. shibatae B—glucosidase

Transformed ginsenoside (uM)
Temperature

(C) Rb1 Rd F2 CK Rh2

24h 24h 24h 24h 24h
30 369 123 93 307 -
50 - 56 78 637 -
70 - 20 32 852 -
90 - 18 26 849 -

Table 9. Effect of pH on Dbiotransformation of ginsenosides with S
shibatae B—glucosidase

Transformed ginsenoside (uM)

pH Rb1l Rd F2 CK Rh2

24h 24h 24h 24h 24h
4 768 62 54 - -
5 - 20 32 852 -
6 - 17 29 844 -
7 452 88 102 195 -
8 779 45 53 - -
9 782 43 38 -
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Fig. 33. Changes in swelling power of ginseng starches.
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Fig. 34. Changes in solubility of ginseng starches.
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peak?] FEIZHEH A, B 2 C type® 723t} A types A= (20) 15°, 23°
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Fig. 36. X—ray diffraction patterns of ginseng starches.
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Table 10. Relative crystallinity of ginseng starches

Sample Relative crystallinity(%)”
1% grade 12.46+1.68%
2™ grade 14.83+2.04°
3" grade 16.33£2.15°

"Relative crystallinity(%) = Ic / (Ia+Ic) < 100
la = amorphous area on the X—ray diffractogram
Ic = crystallized area on the diffractogram
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Table 11. Extraction yield of UHP treated ginseng powder at different
pressure and time

70% moisture 80% moisture 90% moisture

MeOH 401.2(£1.Dax 224.3(£0.9h 251.9(£2.0)c

0 MPa Water 189.9(£1.8)1 324.1(£0.9)g 331.5(£1.7)¢g

5min 350.8(£3.Df 356.1(£5.6)fg 366.4(£5.7)b

150 MPa  10min 322.3(£6.5)g 358.0(£8.9)efg 375.5(£6.5)ab
15min 358.0(£2.6)e 362.6(£8.3)def 372.9(£6.8)ab

5min 362.6(£1.3)d 376.5(£5.8)a 374.7(£4.8)ab

300 MPa  10min 370.4(£7.0)c 366.8(£3.8)cd 380.3(£5.4)ab
15min 346.7(£4.7)f 364.0(£8.1)cde 379.5(£7.7)ab

5min 360.6(£5.3)de 358.8 (£5.8)efg 372.7(£1.4)ab

450 MPa  10min 361.6(£1.8)de 354.3(£4.5)g 378.3(£4.8)ab
15min 312.2(£3.Dh 356.8(x£7.7)fg 387.1(+£4.8)a

5min 362.7(£3.6)d 370.9(£4.3)abc 383.3(+£5.1)a

600 MPa 10min 385.2(x1.1)b 364.9(£7.8)cde 383.6(£3.7)a
15min 320.8(£1.6)g 369.2(£1.7)bed 386.7(x1.4)a

* Means with the same letter are not significantly different
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Table 12. Crude saponin content of UHP treated ginseng powder

different pressure and time

at

70% moisture 80% moisture

90% moisture

MeOH 23.6(£1.6)ax* 25.5(£1.9)be 24.4(£1.7)cd
0 MPa
Water 17.5(£1.1)a 20.3(£4.3)d 23.1(£3.6)cd
S5min 21.5(£3.7)a 20.3(£1.0)d 32.7(£3.6)a
150 MPa 10min 19.3(£4.8)a 26.6(+2.8)bc 29.3(£0.1)abc
15min 21.9(+1.1)a 25.2(+3.2)bc 29.8(£5.5)abc
S5min 20.8(£0.8)a 27.1(x£7.6)b 29.3(£0.3)abc
300 MPa 10min 24.8(£4.7)a 27.8(£1.4)b 32.8(x1.5)a
15min 25.4(£4.4)a 34.6(£4.5)a 28.0(x3.4)abc
5min 22.5(£6.5)a 23.9(£1.8)bcd 28.8(+3.7)abc
450 MPa 105 92.8(+£4.9)a 22.2(£2.7)cd 926.0(£0.0)be
15min 23.3(£6.7)a 27.2(£0.3)b 32.6(£0.2)a
Bmin 23.9(£6.6)a 27.4(£1.1)b 30.9(£0.0)ab
600 MPa  10min 26.6(+3.8)a 25.4(+0.2)bc 28.3(£0.0)abc
15min 23.1(£5.3)a 28.1(£3.7)b 21.6(x4.1)d

* Means with the same letter are not significantly different
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Fig. 37. Correlation between extraction yield and crude saponin content.
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gt A¥es 2y Aol 9l 84 transformation®] dojt Aoz Ity
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&l glucoseEAx7t "Wolx U7F= deglucosylationo] &8 W3tEE= Ho=wm deA
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Table 13. Ginsenoside contents of UHP treated 90% moisture ginseng
powder at different pressure and time
Rgl Re Rf Rbl Rc Rb2 Rd total
MeOH 155 082 1.03 4.76 2.15 1.69 057 22.63
Extract
Water 1.63 093 096 347 171 1.18 0.58 10.45
S5min 2.19 1.20 1.66 4.30 248 1.23 0.97 14.03
150MPa 10min 1.88 0.92 1.20 347 1.89 1.23 073 11.31
15min  2.80 1.14 221 2,10 1.79 062 0.71 11.36
5min  2.09 1.10 1.20 3.93 198 1.42 061 12.34
300MPa 10min 2.40 1.33 1.47 4.38 226 1.48 0.60 13.91
15min  1.75 094 1.08 353 1.76 1.15 0.84 11.04
S5min 243 091 132 488 1.71 124 0.70 13.20
450MPa 10min 1.83 094 133 4.19 206 1.39 0.99 1272
15min  2.14 1.16 1.40 450 2.07 1.51 1.02 13.79
S5min  2.10 1.18 1.10 4.49 2,15 152 1.01 1354
600MPa 10min 1.41 0.70 0.97 296 137 0.83 048 8.73
15min 1.87 097 072 342 168 118 0.82 10.66
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bath B—481, Switzerland)E AF&3}¢] 60Brix® &%3le] A|5E 1|3} aL, pHell

& ginsenoside®] $HEAES dolr 7] 913 A A FHFE ]85t 25Brix &
o' W= § 74t (sigma, USA)& ARS8l pHE 2H2} 4.0, 3.5, 3.0, 2.5, 2.0&
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A} (Fig. 39).

A9t pHAE 7l Mdo] & 45 HPLC chromatogram® ZWH-7} ZHAF ol
FREIY FUbE s YERAT 2 2EedA pHZE Yol PPD type]
ginsenoside’} M= o] YE}UA == Rg3e C—-Keo| shafe] F7tste AS &d
T AR (Fig. 40) =3 22 pHY W A2 2%=7F oA Al Bk= gap|nt
AbA el eh mpzb7kAl 2 HPLC chromatogram®] HWHR-e] 937} Foj5il $HHR-4

=

371 AAHE AL B2 5 dAJh(Fig. 40) o9k #e Ayz 2 o dig
2 2FA 2] 7} ginsenoside®] ¢FAAdO & FFES Frie A & = A akA g
o138l ginsenoside®] fHg/del ¥ @S et AS & 5 A

Group  Ginsenoside R1 R2 R3
Rb1 -Gle-Glc H -Gle-Gle
Rb2 -Gle-Gle H -Glc-Ara(pyr)
Rc -Gle-Gle H -Glc-Ara(fur)
PPD
Rd -Gle-Glc H -Gle
Rg3 -Gle-Gle H H
C-K H H -Glc
Re H -O-Glc-Rha -Gle
PPT
Rgl H O-Glc -Gle

Fig. 39. Structure of Ginsenosides.
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Fig. 40. HPLC Chromatograms of (A) : control at 25C, (B) : pH2.0 at 2
5C, (C) : control at 120C
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455 U5 Fege] gavt 3 dold AL QIEA.(Fig. 41) 120C7F dolz}

= Ao Rb1S A9E Rb2, Re, Rdo] BF 237} Ho] AZH% &= Aoz g
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Fig. 41. PPD type ginsenoside contents after treatment with citric acid and
heating. (A):Rb1, (B):Rb2, (C):Rc, (D):Rd, (E):Rg3, (F):C—-K.
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Fig. 42. PPT type ginsenoside contents after treatment with citric acid and
heating. (A):Re, (B):Rgl.
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Red Ginseng Extract

What is Red Ginseng

Red Ginseng is a dried Ginseng which has been processed by steaming and drying
process, During the production process, a substance called "Saponin’, which is a
measure of eflectiveness of Ginseng, can be destroyed or a unique saponin can be
crealed. Lately, Red Ginseng is being used more popularly dua io the effeciveness
of this unique saponin,

Hyol#) Red Ginseng Extract from Korean One Ginseng Products Co., Ltd,

To procuce Korean One's Hyol%) Red Ginseng Exiract, 8 year old red ginseng is
carelully extracted and undergoes enzyme process to increase e absorption of
sapaonin then concentrated”. The extract flows well due 1o the decreased viscosity
but it is & natural condition after enzyme process,

“(Bioranstormation of Korean Panax ginseng by Pectinex, Biol, Fharm, 20(1212472~2478
(20086), Jas-Kwon Lee, Moo-Yeol BAIK, Cheon-Seck PARK, Soon-Cheol AHN)

‘material and contents
Korean Red Ginseng Extrac! (Byear old rool, soluble solid content 60%, Origin |
Korean ) 100%

Direction

1. Piease put one or two tea spoons(i~2g) a cup and pour hot or cold water.

2. Have hall content of adull usage under 15 year old children

3, 1l you have afiergic disease, check malerial and contents before having this product,

Storage method
Please avoid direct suriight, recap a bottle and keep in refrigerator after opening.

Www.onginsam,cokr
master@oneinsam co kr

4) AL R SF
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