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Antimicrobial Activities of the Extracts of

Ginseng Fine Roots and Leaves

Ah Reum Kim

Department of Microbiology, The Graduate School,

Pukyong National University

Abstract

Panax ginseng C.A. Meyer (ginseng), a well-known traditional
korean medicine, has been used for several thousand 'years with
mysterious powers in the Orient, Korea ginseng belongs to the Panax
genus in the family Araliaceae. It|is often referred to as the king of
herbs. Several pharmacological activities of saponins have been found
in the root of panax ginseng. So far, most studies have been focused
on ginseng roots and scientists are less. attracted by ginseng fine
roots and leaves. However, ginseng fine roots have a higher saponin
than main roots and leaves also have higher saponin content than
that of the roots (> 4 to 5 times) and stems (> 9 times).

The study was performed to evaluate the antibacterial and
antiviral activities of ginseng fine root and leaf in order to search for
antibacterial substance. Among 8 kinds of fermentation strains,
Lactobacillus plantarum was selected based on viable cell counts and

antibacterial activities during incubation. Optimum fermentation was



determined condition and incubation at 35C for 48 hr in 5% ginseng
broth.

The antibacterial and antiviral activities were investigated from
methanolic extracts of ginseng fine roots and leaves (non fermented
ginseng; NG, fermented ginseng;, FG). Antibacterial activity was
tested by paper disc method and shaking flask method, and antiviral
activity by 50% tissue culture infectious dose (TCIDs).

The results of paper disc method in NG extract and FG extract
of Ginseng fine root-measured against E. coli was 1lmm and 20mm, S.
aureus was 1bmm and 22mm, respectively. Ginseng leaf was observed
that inhibition clear zone of 18.5mm, 27mn against E. coli and S. aureus
in NG extract, 16mm,” 19mm against E. coli and S. aureus in FG
extract. Shaking flask method of ginseng fine root showed that FG
extract inhibited the "growth of E .coli (99.9%) and | S. aureus
(99.9%). However, Ginseng+leaf was observed that inhibit the growth
of 99.9% against E .coli-and 100% against S aureus in NG extract.
Comparison of the -antibacterial activity ~of methanolic extracts in
ginseng fine roots and leaf, ginseng leaf of NG extract was the best
antibacterial activity of the methanolic extracts. Also, ginseng leaf of
NG extracts showed the strongest antiviral activities against Feline
calicivirus (FCV) as a surrogate for norovirus.

Each of extracts were investigated the compositional changes of
ginsenosides on HPLC analysis. As a result, antibacterial activity

substance of fermented ginseng fine root extract was determined

_Vi_



ginsenoside Rgl, Re and Rd and ginseng leaf extract was determined
ginsenoside Re, Rd. Also, virucidal activity substance of ginseng leaf
extract was determined ginsenoside Rbl, Rc and Rb?2.

The results obtained in this study suggested that the ginseng root
and leaf will be effective in the antibacterial and antiviral activities

are useful resources.
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A =

A4 (A2)e 79 U537} (Araliaceae) 215 4 (Panax) ©| 438t
Had 2E2FEA, FRtEES v Esto] W Asls ddie] o gt
T3 Ak 1843 2 A]e}e] Carl Anton Von Meyer

7F ‘Wb S X g3tk o7 ¢lAFS Panax ginseng C.A. Meyer® ™

Y stglon, ol Ede] /1 F& Ao AR FIA A} F 1
%

7he BE)LE o|Fojq lon FTEANAN= o ARE A SHE
e FES FARA ZHESleA AHESEH (Jo et al., 1998).

e |F8 ofg FReEE FHFAGAS S 1A 28 (Benishin,
1992), 3¢t #& (Kikuchi et al, 1991), @4 x4d Z4 (Kang et al,
1992), &3 %= 2F8(Huo et al, 1993), &F4Fst 2-&(Jung et al, 1996), &
o & (Kwak et al.,; 2006) 5ol A+ AL 2 BHaixoe]Qlt}, o= Q4
o] T2 AU 40 A% olde] AL¥ Y (saponin)< H]Edle] HIAFEW
(non-saponin) Al ¥ 2l polysaccharides, alkaloids, polyacetylene, phenolic

compounds ol 3% Aoz I oy 5L A= A Folth

SR, @A SR PR ATt Fgom AEHE Rel
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1.2. A W%

A3 o WEE A QAikel wPA Bajol TR Ao U

]
HZ At 65, %o 1+, &% 1% (Kim et al, 2003; Doosan. Co.,

K

Ltd. 2008)2 &+t 24 A& Sl A& Alwt 2%, Fnlels s A}
g 919 nto]2l2 152 Table 1o A stsih

g o] AFEE Mold9t Yeast:= ZFZ} Potato dextrose broth (Difco,
U.S.A)%} Yeast mold broth (Difco, U.S.A.) ¥jX]oA 25T, 150 rpm<
2 48AI7F Fot  wjFel$dal, Lactic acid bacteria. ¢ Bacillus spp. +
27} MRS broth (Difco, U.S.A.)¢} Brain Heart Infusion broth (Difco,
US.A) "R oAl 35T, 150" Tpme = 244 7F wwt wj ¢k shgdoh. =3k &
g4 Ao o] 8w A2 Nutrient broth (Difco, U.S.A.)¢}t Mueller

M
it

hinton broth (Difco, U.S.A.) 8] A4 35C, 150 rpmO- & 2443 wlj <k
ESa=g



Table 1. Various microorganisms used for this study

Type

Microorganisms

Fermentation strains

Lactobacillus plantarum KCTC 3103
Lactobacillus brevis KCTC 3498
Lactobacillus rhamnosus KCTC 3237
FEnterococcus feacium KCCM 12118
Aspergillus oryzae KCTC 6291
Candida utilis ATCC 16321

Bacillus subtilis KCTC 1024
Bacillus megaterium KCTC 1098

Antibacterial activity

Escherichia coli KCTC 12006
Staphylococetis aureus KCTC 1621

Antiviral activity

Feline calicivirus ATCC VR-782




1.3. SFAE 9| H vlojgl & 54

wEdloll A A Rd 2 ALE-E = Feline calicivirus (FCV, ATCC
VR-782)¢} FCVe %FAM¥<Q  Crandell-reese Feiline Kidney cell
(CrFK, ATCC CCL-94) American Type Culture Collection (ATCC,
USA)ol A & grtol ARE3EST

FCVel uje 2% Fetal bovine serum (FBS)7F % 7F¥l Dulbecco
modified eagle medium (DMEM) HJA| & AF&3}9 3, <5422 CrFK
cell2 10% FBS, 100-U/ml penicillin®} 100 pg/ml streptomycin &= ZAJ
H R Z o] g38le] 75 o tissue culture falsk (TC flask, Corning, USA)
oA 37C, 5% CO; x7lo= HjgstALt. CrFK cell& 80~90% ©]%
monolayers BASH 2o 3shH A A wjgste] | ALESHTH
(Bidawid | et al, 2003). wlolzlz=e] FAS 93X CrFK  cello]
monolayere B34 ‘growth mediumS A Aste] FCV vl gdE 0.1
M.O.I (multiplication of infeetion)’} ¥ =& FF35ta, nlo]g| =7} AE

of FAHES QRS 1 F, FOVIgE A F23)

2

maintenance medium (DMEM + 2% FBS)< 10 m¢ #7}sta 37C, 5%
CO; =AM 16~24 A+ & AXYH G (cytopathic effects; CPE)7F
dojrp FHE AxESe] "olAW FCVZE #9€ flaskE 2~33]
freezing-thawing & W53ttt o] F ol&& dA&e (1,800g, 15%3H)
sto] Cell-debrist= AAstaL AE2E 33 AlA wpolef =7t 8 s
BS 05 mlH cryogenic vial (Nalgene, USA)o| #F3F v} -70Col]| =
et Aol AFEStA T (Bidawid et al, 2003).
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3. %44 24 &

Akl At Jom Az 2%0) R¥ WAE A7 FHlEa BE

*F2 AAE Lactobacillius plantarum< 3 F3o] vg sk wjoFolz} b
T A %8 wjdHNS Z+Z methanold) 1 : 10 v &2 &8 &=
A FE5 A8l 70T A 3A1ZE F<t 33] wRE FEF3fo] T8 A3
72y FEES A3 5 45T Zo| A rotary evaporator® 7S¢t =

=3kt 4 FEES 200 mymle] X F dimethyl sulfoxide (DMSO;
Kanto, Japan)oll =<9t} 0.45 pym millipore filter® o] 3}&}o] -207C ol
Hastw g 2 Fufoly s &4 HAPS HER 74 FEEY A

24 AHg SRt

M



24. FE29 ¥4 4 97}

2.4.1. g3 49 (Paper disc method)

—

A2k Al Qo ZF FEE S g G4 FA4E gaa gy
(paper disc method)®} Z& Ze}~=% (shaking flask method) o 2 2
At Aoz AE-3E Escherichia coli®} Staphylococcus aureus
= Mueller hinton broth (MHB)ol 38k 35T vl 7oA 24213
Aslo]l =) o, o] = McFarland No. 059 s %7} HA 3]sl

Mueller hinton agar (MHA) plated] Hir¥ HE S o] &3t 7z}

j
a-

=)

Z_]
StAT 24 8 mme Had¥ paper disc (Tokyo, Japan)ol " Al<:3 <]
7zt FE5 55 b ong/discE FTAIZ F Fid] dExAA Aol =Ed

of Wz AlA 35C HlgZlel Al 24417+ w]&FSte] inhibition
ho) it A& Brhergl v

off

zone (mm)e} AAE F4



FEAATA (KS) oA 943 Pt

ol
o
>

-

Aoz QA A2 9o 7} FEE Y I S HESI
Al qto 2 A3k E coli, S. aureus= Nutrient brothell HZE3sle] 35T

o A 24A17t wjFate] FHSF T 1 %, 0.2% Nutrient broth® |z
Ssh8 100 meoll AlFare]l 7] w57 5.0 g CFU/mo] H =5 3]4
sto] HETstdom, sl A2 ol FEFES 7 5 mg/mle] HA At
atlth. dA-e 35C, 150 rpme & HkElH | 124178 w9l F W
3 A7l % pour-plate Ho® o #AAES A
HAaEL ol & A o 2o Abste] Byt & & S5 ol

™
FES Ah ) wnlEd 240 AN NFE A TAL
=

b=

7 (control)®& 8ol 9] Zol2 &itH S HlW 24 lon,
A3 233 old dAlete] ole] MHgts == 3l3ith

Me — Me

Fa ) X 100

Bacterial reduction rate (%) = (

Me;~Microorganism number of experiment,

Mc; Microorganism number of control.
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25. FEE9 IFupol s FA H7}

gufolel 2 A BAe HT AFE dvlolg g FAVE Ha e
rEdlo]lHAE thA|g 2dlel FCVE o] &3t EXstgon 7 %
o gnfoly A~ A EAS 9slo] 50% tissue culture infectious

dose (TCIDs)¥H o2 FCVY ZHa7tE =AH35+9 ).
M e 72 FEEo 3 FCVe AtEAEE 3Helstr] 93 5.0

o et Az ¥Es (CPE)E &3 vtolf =9l rd7tE S4s8te 1
292 AA3IT (Doultree et al., 1999; Gehrke et al., 2004).
ST A EQ CrFK cell>.96 well plateoll 37°C, 5% COs;, 48417+ w4
3t monolayers 2t} 3|M ¥ FCVeF 228 11182 835 A2
oA 1, 6, 12, 24 A ZTE=E QEg3Fe] 50 WA 4712 welldl HE3saz 90
7 A8ty FCVE CrFK cellol A A TE vlol# 2 & o] ¢85

W, oAl vlolg2E 3] 8kal growth mediumS - aspirate® A 718k
2% FBS7} A 7FEl DPMEM (maintenance medium)< 100 0% thA] A7}

ro

% 37C, 5% CO;-&8-2 3~4Yd st A arE dn7
o7 AT vido]l AR W 34% formaldehyde &M E cellS

2A3ka 0.1% crystal violet® 2 7FAI3FSEA T} olu] HETEE FEE
4] maintenance medium< 34 E FCVe &33 o= Hla 74
a9 a1, whol#) 2 7+ 7F= Reed-Muench method® 50%°]14 CPE7} 4
Bl well®] A GAE AAE] g TCIDsyml = 3E7]13FA T (Kampf
et al., 2005).
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26. #=E9 HPLC &4

Ak Al 1o WE fr, Foll wWE e % Fvjoll s &4 Ay
=2 EYR 7 FEEo AEWHEE dolr V] £3to] high performance
liquid chromatography (HPLC) ¥ & AM&3}$ T

HPLC #¥]+= Agilent 1100 series (Agilent Tech, US.A)E ©]&3}
gom, +AE AP A A7I7F 5 ml Cig reverse-phase
column (Shiseido Cig 5 m, 4.6 mm x 250 mm, Japan)< ©]-&3}o] column
2E5E 3B/CTE B4 ZF Al FAFL 1003, o] 5 g2
HPLCH Svi2ZA A&H2 water? B-E N2 acetonitriles AFE-3}]
acetonitrile®] W] &o] HX Ao 2 LolAt} YrolX] = gradient program=
Abgelity. A gd3 B &S 80 1209 Hl&E A Fsle] 27 E7HA|
B §94& 30%= frxleka, 44 Fon36%7k4] =9 % 54 Foll 30%, 65
ol 20%& Al Hl&a FFo F 65 1 T 5kt (Table 2).

£ Inl/min o) e, HEF7]E UV detector® 203 mmoll A =4 3}
(5 v BAskett. £+2 22 ginsenoside Rgl, Re, Rbl, Rc,

Rb2, Rd& Extrasynthese ‘S.A (France) 1A 533131 o

_12_



Table 2. Solvent gradient program of HPLC analysis

Time N
(min) A © water (%) B : acetonitrile (%)

0 80 20

17 80 20

27 70 30

44 65 35

54 70 20

65 80 20

"Agilent 1100 series (Agilent Tech, U.S.A.); Cis Teverse-phase column
(Shiseido Cig 5 gm, 4.6 mn x 250 mm, Japan)

_13_
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Table 3. Proximate compositions of ginseng fine root and leaf

Components Fine root Leaf

Moisture 10.8 + 0.3 13.8 + 0.3
Crude ash 2.7 £ 0.3 G4 0.2
Crude lipid 1 T el 3.4+ 02
Crude protein 15.8 +pu.. Qo"+f0.4
Carbohydrate 66.5 £ 0.5 756 £ 0.2

* Values are mean =SD of triplicate determinations.

_15_



L R I SR

S Table 19l

Azt o

b 596l &

dYgoz 3

%

o

—

el
oH

xr
i)

el

s
;OO

2l

Al A

Table 4, 50 YEFU T

2

vd

ol

=K

Lactic acid

o]l—‘:

o,

1 o

=

bacteria®} ' Bacillus spp.2]
i

Bacillus

§a

;OO
wK
JJo
vAO

x
T

=L

-
1

7]

Lactobacillus plantarumo.= =

L

[}

I ST (Kim et al, 2007). -2kt =

=0

o] 7} olyr

H] 10008] ool A%

il

==

R

M

el
B
H
TP
ol
HH

vzl

of 2wl

7}

A4k af A ol M

=
[€)

L. plantarum®.

ajj 2] o]

3T

ol

_16_

=

t} (Park et al, 2006).
o

ehy)

3 L. plantarum®] Al<-3}

1

0]
pul

)

=

=

7}

o #

Park %9
g

bl ot

-

1

o]

’

L. plantarum?®]
Bl Haets g
m, 17 mm<]

ik



Table 4. Change of viable cells count and antibacterial activity in

ginseng fine root broth by various microorganisms

Incubation time  (hr)

0 24 48 72

Microorganism

636+ 04" 864 +03 98 + 04 967 = 04
Lactobacillus plantarum
g ? 13 15 145

652 £ 03 699 £ 02 669 04 663 0.3
Lactobacillus brevis
8 10 12 12

668 £ 04 798 £0.1 82803 79 £ 0.2
Lactobacillus +rhamnosus

8 12 125 12
670 + 04 1688 £ 0.1 653 £ 05" 634 £ 0.2
Enterococcus feacium
3 11.5 12 11

6.15 + 0.3 693 £ 0.3 680 01 672 £ 0.2
Aspergillus oryzae

681 £ 02 776 £03 804 + 02 800 £ 04
Candida utilis

697 £ 02 770 £03 89 = 01 881 £ 0.2
Bacillus subtilis

694 + 01 828+04 7.08+05 704 %04
Bacillus megaterium

8 3 8 8

Y Viable cell count is average of triplicate determinations
(lg CFU/ml).
2 Antibacterial activity of Escherichia coli (mm). Paper disc dimeter

(8 mm) was included.
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Table 5. Change of growth rate and antibacterial activity in ginseng

leaf broth by various microorganisms

Incubation time  (hr)

0 24 48 72

Microorganism

674 + 027 884 + 02 994 + 03 973 = 02
Lactobacillus plantarum
g ? 15 17 16

663 £ 03 687 £02 775 +02 751 £03
Lactobacillus brevis
8 10.5 12. 12

6.77 £ 04 740 £03 826 =03 804 £ 0.1
Lactobacillus -rhamnosus

(0e)

11 15 13

687 + 0.3 766 £ 02 792 £ 04 675 0.1
Enterococcus feacium

(0e)

10 115 11

683 + 0.3 762 £ 03 881 £ 02 845 £ 0.2
Aspergillus oryzae

(0e)
(o)
(0¢)
(0¢)

6.72 £ 02 765 £ 0.2 .859 .01 810 £ 0.3
Candida utilis

o)
(0]
(o)
(0¢)

675 £ 03 "749-+0.1 890 = 01 863 £ 0.1
Bacillus subtilis

652 + 01 746 £ 04 783 £03 757 0.3
Bacillus megaterium
8 8 8 8

Y Viable cell count is average of triplicate determinations
(lg CFU/ml).
2 Antibacterial activity of Escherichia coli (mm). Paper disc dimeter

(8 mm) was included.
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10

Ohr 24hr 43 hr 72hr
Time

- 8-2.50% —m—5% —+-10% —4-20% —4 30%

Fig. 1. Change of viable cell- counts in-ginseng fine root broth by
L. plantarum at various concentration. This experiment was
performed as triplicate. Each value is the result of mean =*

SE.
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10

ohr 24 hr 48hr 72hr

Time
—4i— 2.50% —=—5% -+ -10% --e-20% -+ 30%
Fig. 2. Change of growth rate in ginseng leaf broth by
L. plantarum at various concentration. This experiment was

performed as triplicate. Each value is the result of mean *

SE.
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Table 6. Antibacterial activity in ginseng fine root and leaf broth by

various concentration

Incubation-time (hr)

Cone. (%) Fine root Leaf
0 24 48 72 0 24 48 72
2.5 R & R 3 14 155 15
5 3 13 15 15 3 15 17 16.5
10 3 12 15 14.5 3 155 /165 165
20 3 13 14 135 8 135 16 14.5
30 3 125 14 135 3 13 16 155

Y Antibacterial activity of Escherichia coli (mm). Paper disc dimeter (8

m) was included.
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3.1. 23 249 (paper disc method)

Paper discH S o] &3t gyt &4 A2 Aty o vjgel vy
FEES b mg/disce] =2 Hustdon, 1 AyEs Z+7 Fig. 3, 49
YeEtAh Al FEE dig 432 E colidl tigh A5 A& 3ol
Z4ZF 11 m (1 ¥ E)e 21 mo (2, ©8)2 YEeElg o S aureusol] i
g AS A8l 2 247 15 m (15 v E)eF 25 m (2 HE)E JER
t (Fig. 3). ol= B¥E F=&0 H3] Ha F=EoA it o] &

7h Ho] 2EE Tl A2l TR FEA =20 FUME Aom &4

pol

=
of e oF 10%. Wol 5o 3 o7l AL = ZAHH

aureus®| Wa] A3 o SFE A EH L Gram positiveitol

= Ao sl

N =

ro

o =
T ’dol 3l
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b

Fig. 3. Effect of antibﬁcfefial .activit'gf '".(';n p;aper disc method of
ginseng fine root methanolic extracts. Antibacterial activities
of Escherichia coli (A) and Staphylococcus aureus (B). 1,
non fermentation; 2, fermented ginseng fine root by L.

plantarum.
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Fig. 4. Effect of antibacterial activity on paper disc method of
ginseng leaf methanolic extracts. Antibacterial activities of
Escherichia coli (A) and Staphylococcus aureus (B). 1, non

fermentation; 2, fermented ginseng leaf by L. plantarum.
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Table 7. Reduction rate on E. coli and S. aureus by methanolic

extracts of ginseng fine root and leaf

Metanol extracts (5 mg/ml)
Gi
nseng E.coli S.aureus
extracts
12 hr 24 hr 12 hr 24 hr
Control 2.2 x 108 42 x 108 62 x 10 57 x 108
L 18x 108 1.1 x 108 6.8 x 10° 9.9 x 10°
: NFG
Fine 18.2% 73.8% 89.0% 99.8%
root
o 0D x 10° 1.9 x 10 95 x 10° 1.7 x 10
FG
99.9% 99.9% 99.9% 99.9%
Control = 7.3 x 107 1.8 x 108 84 x 107 2.7 x 108
25 x103 21 x 102 53 x 102 ND
NEG
Leat 99.9% 99.9% 99.9% 100%
3.3 x.10" 20 x 10° 27°x 107 25 x 107
FG
54.7% 88.8% 67.8% 90.7%

b NFG, Non Fermented Ginseng
2 FG, Fermented Ginseng (Fermented for 48 hr by L. plantarum)
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4. Fnpold 2 &4 H7}

FCVel tigh A3 <19 7} F%=9] virucidal activitys ¢opr 7|
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of ZHAAIZI & FCVel tsdt F=E2] virucidal activityE Table 8¢l

3= g TCIDso/me gkol 4 lgold #HA3k& W virucidal activity 7}
AT (Bellamy,1993). At A a9 vjdg FEEA
TCIDsy/me #ko) # e ok 1 lg who] THAF Q7] wjZel gujo] e 2~ A
AL DT Ut g A, Al dE FEESE ol 9 S
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shogargdd e ey, FCVel tigh virucidal activity+ "I

aureus®| U]

ol o g FoHt} ol ZZulgZl Gram positiveit ol tishe] it
gao] upa HuF i 9loey FCVel o3k virucidal activity® 7] <F
stk A {AeE A @S bl E (Chung et al, 2001). ®WFH, ¢19]
Agole HdE FEENA 5 mg/ml FEZ FCVeE 6417 wHg3at S

W CrFK cellol A whol] A7gF <l o] Hpefu=nedotom, 1.25 mg/mi el &

27F e BEAg Hdorng A2 FEEY dustd wold

off ;] WEEAIZFe] wE zko]l= Qo TCIDsy/ml kel 5 lg o]
XM E coli ¢+ S. aureus



Table 8. Virucidal activity of ginseng fine roots and leaves

methanolic extracts against Feline calicivirus

log TCIDso/m?

Ginseng Conc.

extracts (mg/ml) 0 hr lhr 6hr 12 hr 24 hr

20 56 5.6 5.1 4.1

10 56 5.6 5.2 4.1

NFEGY 5 5.6 5.6 5.6 5.2 46

25 5.6 5.6 5.2 5.1

Fine 1.25 56 5.6 5.2 5.2

oot 20 5.6 5.6 5.1 46

10 5.6 5.6 5.1 49

FG? 5 56 5.6 5.6 5.2 5.1

25 5.6 5.6 5.2 5.1

1.25 5.6 5.6 5.2 5.1

20 26 ND? | ND ND

10 3.1 ND ND ND

NFG 5 5.6 3.6 ND ND ND

25 46 3.2 ND ND

1.25 5.1 3.6 ND ND

Lea 20 56 52 49 49

10 5.6 5.6 5.1 49

FG 5 5.6 5.6 5.6 5.1 5.1

25 5.6 5.6 5.2 5.1

1.25 56 5.6 5.2 5.1

Control” - 5.6 5.6 5.6 5.2 5.1

TCIDsy, 50% tissue culture infectious dose; 1)NFG, Non Fermented
Ginseng; 2‘)FG, Fermented Ginseng (Fermented for 48 hr by L.
plantarum); 3)ND, feline calicivirus are inactivated; 4)Ginseng extracts

were not added.
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Fig. 5. HPLC elutl&raﬁesult};g"‘b}n ard ginsenosides and

methanolic extracts of ginseng fine root. That was isolated
and analyzed by HPLC as described in Materials and
Methods. (A) standard; (B) non fermentation; (C) fermented
ginseng fine root by L.plantarum. Ginsenosides; 1, Rgl;, 2,

Re; 3, Rbl; 4, Rc; 5, Rb2; 6, Rd.
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oo L2
Fig. 6. HPLC elution— ofi _es[QI'Itll____s-aﬁ ard ginsenosides and

methanolic extracts of ginseng leaf. That was isolated and
analyzed by HPLC as described in Materials and Methods.
(A) standard; (B) non fermentation; (C) fermented ginseng
leaf by L.plantarum. Ginsenosides; 1, Rgl; 2, Re; 3, Rbl; 4,
Rc; 5, Rb2; 6, Rd.
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Table 9. Comparison of major ginsenosides of fermented ginseng
extracts by Lactobacillus plantarum

Ginseng Content (ug/g)
extracts Rgl Re Rbl Re Rb2 Rd
Fine NFGY 7414 136.85 627.50 41391 252.90 261.91
root 2
FG 86.01 148.81 514.82 188.33 213.24 311.84
NFG 150.0 324.5 614.4 569.2 485.6 267.1
Leaf
FG 224.7 243.3 319.2 100.9 83.1 198.5

b NFG, Non Fermented Ginseng.

2 FG, Fermented Ginseng (Fermented for 48 hr by L. plantarum)
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