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Table 1. Bacillus spp. used for ginseng fermentation and biotransforma-

tion

Microorganism

Closest species based on 16S rRNA similarity

Bacillus sp. Bl
Bacillus sp. B2
Bacillus sp. B3
Bacillus sp. B7
Bacillus sp. B8
Bacillus sp. B10
Bacillus sp. B11
Bacillus sp. B1-1
Bacillus sp. B1-2
Bacillus sp. B1-3
Bacillus sp. B1-4
Bacillus sp. B1-5
Bacillus sp. B2-1
Bacillus sp. B2-2
Bacillus sp. B2-3
Bacillus sp. B2-4
Bacillus sp. B2-5
Bacillus sp. B3-1
Bacillus sp. B3-2
Bacillus sp. B3-3
Bacillus sp. B3-5

Bacillus licheniformis
Bacillus subtilis
Bacillus subtilis
Bacillus licheniformis
Bacillus licheniformis
Bacillus olivae
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Bacillus subtilis
Bacillus licheniformis
Bacillus licheniformis
Bacillus subtilis
Bacillus subtilis
Bacillus licheniformis
Bacillus subtilis
Bacillus subtilis
Bacillus licheniformis
Bacillus licheniformis
Bacillus licheniformis

Bacillus subtilis

Table 2. Lactic acid bacteria used for ginseng fermentation and
biotransformation

Microorganism

Lactococcus lactis
Lactobacillus sakei
Leuconostoc mensenteroides
Lactobacillus plantarum
Enterococcus faecium
Leuconostoc citreum
Leuconostoc citreum KM20
Weissella kimchii CHI30
Pediococcus pentosaceus
Leuconostoc kimchii
Streptococcus pyogenes

Leuconostoc gelidum
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Fig. 1. Growth of Bacillus sp. in ginseng powder broth. Each curve
represents the average of two independent experiments. Symbols: @,
Bacillus sp. B1; , Bacillus sp. B8; ¥ , Bacillus sp. B11; 2, Bacillus
sp. B1-3; M, Bacillus sp. B2-1; (1, Bacillus sp. B2-4; @, Bacillus sp.
B3-5
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Fig. 2. Growth of lactic acid bacteria in ginseng powder broth. Each
curve represents the average of two independent experiments. Symbols:

@, Lactococcus lactis; O, Lactobacillus plantarum; ¥ , Leuconostoc
gelidum ; I\ | Streptococcus pyogenes

ProStar 335 system (Varian, USA)®|3L, columne Atlantis dC18
(Waters, 4.6x250 mm, USA)S AF23}4th Mobile phasev™
HPLCE Z55°9} acetonitrile (HPLC grade, J.T. Baker, USA)YS
AM25}9.0.1, gradient 272 17% ACNOE A7l 308
40% ACN, 50% 80% ACN, 558 17% ACN, 602 17% ACN
01}, H&2 0.8 ml/min 1Rk FEE UV 203 nmolA &
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Fig. 3. HPLC profiles of transformation of ginsenoside Rg,, Rb,, Re,
Rb, and Rd by Bacillus strains. (A), negative control (B), Baciflus sp.
B8 (C), Bacitlus sp. B1-4 (D), Bacillus sp. B2-4, Ginsenosides; 1,
Rg;;2,Rb;; 3, Re; 4, Rb,; 5, Rd
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Table 3. Transformation of Ginsenoside Rg;, Rb,, Re, Rb,, and Rd by
Bacillus spp.

Strain Rg, Rb, Re Rb, Rd

Bl - + - +

B2 - + - -

83 - + - +

B7 + + - -

B8 + - - - -
B10 + - - - +
B11 - + - - +
B1-1 - + - + +
Bi-2 - + - - -
B1-3 ND - - + +
Bl-4 + - - - ND
Bl1-5 - + - + +
B2-1 + - - - -
B2-2 + - - + +
B2-3 - - - + +
B2-4 + - - + +
B2-5 + - - - +
B3-1 ND - - + +
B3-2 ND - - + +
B3-3 ND - - - +
B3-5 ND + - ND +

+: positive, -: negative, ND: not detected
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Fig. 4. Proposed pathway of ginsenoside transformation by Bacillus spp.
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ABSTRACT : Screening for Ginseng-Fermenting Microorganisms Capable of Biotransforming Gin-
senosides
Hee-Gyu Kim, Ki-Yeon Kim, and Chang-Jun Cha* (Department of Biotechnology, Chung-
Ang University, Ansung 456-756, Republic of Korea)

Panax ginseng has been drawing world-wide attention since it was used for medicinal purposes and its effects
was discovered in scientific manners. However, it is necessary to develope new ginseng products as functional
foods to compete with western ginseng. Fermented ginseng could be an excellent solution, where useful pro-
biotics are provided and ginsenosides are specifically transformed to functional forms. In this study, we inves-
tigated the growth and ginsenoside biotransformation by 21 Bacillus strains isolated from Chongkukjang and 12
lactic acid bacteria. 2.5% (w/v) and 1% (w/v) of ginseng were used in culture media containing only ginseng
powder as a sole nutrient source, and their biotransformation abilities were tested after the growths were
checked. All used Bacillus strains and lactic acid bacteria were able to grow well in ginseng powder media at
higher levels than 10’ CFU/ml. Most of Bacillus strains displayed ginsenoside transformation in a strain-specific
manner. Therefore, the results of this study demonstrated that the strains tested in this study could be used as
potential starters for the ginseng fermentation.



