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Ginsenoside 20-O-�-D glucopyranosyl-20(S)-protopa-
naxadiol (compound K), a minor ginsenoside, is not
found in white raw ginseng, but has better bioavailability
than the major ginsenosides in ginseng. Employing
commercial enzyme packages for industrial applications,
the optimum conditions for enzymatic transformation
for the highest content of compound K was explored to
enhance the health benefits of ginseng extract. Cytolase
PCL 5 was selected from commercial enzyme packages
nominated for high �-glucosidase activity. By response
surface methodology, the optimal conditions were iden-
tified as 78 h of treatment at pH 4.3 at 55.4 �C for
2.068mg/mL of compound K, showing good agreement
with the experimental value.
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Ginsenosides are known for various health benefits,
including anti-fatigue,1) anti-hypertensive,2) anti-aller-
gic,3) and anti-diabetic activities.4) In wild ginseng, more
than 80% of total ginsenosides are glycosylated major
ginsenosides such as Rb1, Rb2, Rc, Rd, Re, and Rg1,5)

but the absorption of those major ginsenosides via the
gastrointestinal tract is poor.6) On the contrary, minor
ginsenosides (F1, F2, Rg3, Rh1, Rh2, compound Y,
compound Mc, and compound K), which can be
produced by hydrolysis of the sugar moieties of major
ginsenosides, exhibit better bioactivity than the major
ginsenosides due to enhanced bioavailability.7) Espe-
cially compound K, which is not found in raw white
ginseng, is of particular interest for broad applications in
medicine due to several remarkable biological properties
such as anti-tumor,8) anti-allergic,9) and hepatoprotective
effects.10) Moreover, studies have found that compound
K is the major form of protopanaxadiol-type saponins
absorbed in the intestines.11)

Several approaches to the transformation of major
ginsenosides to minor ones have been attempted by mild

acid hydrolysis,12) alkaline cleavage,13) heating,14) mi-
crobial transformation,15,16) and enzymatic conver-
sion.17) Enzymatic hydrolysis allows specific hydrolysis
of the glucose moiety from the ginsenoside skeleton,
which includes glucose, L-arabinopyranoside, L-arabi-
nofuranoside, D-xylose, and/or L-rhamnose.18) Thus,
�-glucosdase,19) �-xylosidase,20) �-L-arabinofuranosi-
dase,21) and �-L-rhamnosidase22) can be used to hydro-
lyze ginsenosides. Accordingly, �-D-glucosidases and
glycosidases, including �-D-glycosidase, cellulase, lac-
tase, pectinase, hesperidinase (flavanone �-D-glycosi-
dase), and naringinase (flavonoid �-D-glycosidase),
which are purified from various microorganisms such
as Aspergillus niger,23) Aspergillus oryzae,24) Pencillium
sp.,25) Sulfolobus sp.,26) and Thermus caldophilus,27) are
used to produce diverse minor ginsenosides.
Considering the complexity of the stepwise process

by sequential enzymatic transformation, the single-step
process employing commercial enzyme packages would
be a simpler and more practical method to produce
compound K from white ginseng extract for economic
reasons. Based on the premise that the use of multiple
enzymes should improve the yield of compound K
production, here we explored a practical method of
producing compound K from raw white ginseng extract
using commercial hydrolyzing enzyme packages.
Since pectinases from Aspergillus niger are known to

exhibit strong hydrolysis activity, and thus have been
used in various enzymatic food processes such as
debittering of juices and refining wine,28) several brands
of pectinase from Aspergillus niger, listed in Table 1,
were subjected to screening for the production of
compound K. Although conditional factors dictate the
yield of compound K by determining the activity of the
enzyme, the maximum yield of compound K relies on
the characteristics of the enzyme package. To screen
enzyme packages, we compared the yield of compound
K derived by 60 h of transformation under four sets of
optimum conditions that were common to all the
enzyme packages tested: pH 4.0 at 55 �C, pH 4.5 at
55 �C, pH 4.0 at 50 �C, and pH 4.5 at 50 �C. White

* These authors contributed equally to this work.

y To whom correspondence should be addressed. Tel: +82-2-880-4851; Fax: +82-2-873-5095; E-mail: choiyj@snu.ac.kr

Abbreviations: ANOVA, analysis of variance; compound K, ginsenoside 20-O-�-D glucopyranosyl-20(S)-protopanaxadiol; F2, 3-O-(�-D-
glucopyranosyl)-20-O-�-D-glucopyranosyl-20(S)-protopanaxadiol; HPLC, high-performance liquid chromatography; Rb1, 2-O-�-glucopyranosyl-
(3�,12�)-20-[(6-O-�-D-glucopyranosyl-�-D-glucopyranosyl)oxy]-12-hydroxydammar-24-en-3-yl �-D-glucopyranoside; Rb2, 3-O-[�-D-glucopyrano-
syl-(1—2)-�-D-glucopyranosyl]-20-O-[a-L-arabinopyranosyl-(1—6)-�-D-glucopyranosyl]-20(S)-protopanaxadiol; Rc, 3-O-[�-D-glucopyranosyl-(1—
2)-�-D-glucopyranosyl]-20-O-[a-L-arabinofuranosyl-(1—6)-�-D-glucopyranosyl]-20(S)-protopanaxadiol; Rd, 3-O-[�-D-glucopyranosyl-(1—2)-�-D-
glucopyranosyl]-20-O-�-D-glucopyranosyl-20(S)-protopanaxadiol; Rf, (3b,6a,12b)-3,12,20-trihydroxydammar-24-en-6-yl-2-O-(�-D-glucopyrano-
syl)-b-D-glucopyranoside; Rg3, 3-O-[�-D-glucopyranosyl-(1!2)-�-D-glucopyranosyl]-20(S)-protopanaxadiol; RSM, response surface methodology

Biosci. Biotechnol. Biochem., 77 (5), 1138–1140, 2013

Communication

http://dx.doi.org/10.1271/bbb.120823


ginseng extract was prepared by incubating dried raw
ginseng root powders (particle size � 250 mm) in 90%
ethanol for 24 h at 70 �C. Enzymatic transformation was
performed by incubation in a shaking water bath after
the addition of 1mg of each enzyme package to 5mL of
prepared ginseng extract. Following the fractionation of
extract using butanol, the ginsenosides were quantita-
tively determined at a wavelength of 203 nm by the
HPLC system (600S controller; Waters, Milford, MA)
with a C18-bonded reversed-phase silica column
(Venusil XBP C18, 4:6mm� 250mm, 5 mm; Agela
Technologies, Wilmington, DE) performed at a flow rate
of 1.6mL/min of the mobile phase composed of water
and acetonitrile.

When the ginesnosides in the white ginseng extract,
the concentration of which was adjusted to 7�Brix, were
analyzed, only major ginsenosides such as Rb1
(2.14mg/mL), Rc (0.9mg/mL), Rb2 (1.68mg/mL),
and Rd (0.48mg/mL) were found. After 60 h of treat-
ment, these ginsenosides were converted to Rg3, F2, and
compound K, were different from the tested enzyme
packages (Table 1). Crystalzyme PML-MX did not
transform the ginsenosides into compound K. Sumizyme
AC and Cytolase PCL5 showed conspicuous yields of
compound K superior to Pectinex Ultra AFP followed
by Multifect Pectinase FE under the same conditions.
Although the highest yield of compound K (1.156
mg/mL) was achieved using Sumizyme AC at pH 4.5 at
50 �C, Cytolase PCL5 (1.142mg/mL) showed compa-
rable activity. Hence the transformation activities of
Sumizyme AC and Cytolase PCL5 were investigated
further via 70 h of longer treatment under a wider range
of temperatures and pH’s. Cytolase PCL5 at pH 4.3 at
50 �C accumulated the highest amount of compound K
(1.627mg/mL). In fact, under most of the conditions
imposed except pH 4.3 at 55 �C, Cytolase PCL5
produced more compound K than Sumizyme AC.

Remembering that the yields of compound K at a
reaction time of 60 h were similar, the observed
superiority indicates that Cytolase PCL5 is better than
Sumizyme AC. Further, the yield of compound K with
Cytolase PCL5 increased as the temperature decreased
to 50 �C. Hence Cytolase PCL5 was finally selected as
the most effective enzyme package among those tested.
The optimum condition for ginsenoside compound

K production with Cytolase PCL5 was explored by a
response surface methodology (RSM). As control fac-
tors, the reaction time (X1), temperature (X2) and pH
(X3) were considered based on the results of the
preliminary experiments. Since the yield of compound
K decreased after 84 h of reaction time, the respective
low and high levels of the individual factors were coded
as 72 h (�1) and 84 h (þ1) for reaction time; 50 �C (�1)
and 60 �C (1) for temperature; and 3.6 (�1) and 5.0 (1)
for pH. According to the Box-Behnken design, 15
experiments were carried out. The average experimental
compound K yield values varied from 0.957 to
2.312mg/mL. A second-order polynomial regression
model (eq. (1)) made possible the prediction of the
effects of the three parameters on compound K yield (Y).

Y ¼ ð�144:486Þ þ 1:497X1 þ 2:498X2 þ 8:821X3

þ ð�0:009ÞX2
1 þ ð�0:022ÞX2

2 þ ð�1:046ÞX2
3

þ ð�0:001ÞX1X2 þ ð�0:008ÞX1X3 þ 0:015X2X3 ð1Þ

Analysis of variance (ANOVA) was done to check the
statistical significance of the model and the data
(Table 2). The coefficient of determination (R2) of the
model was 0.864. The ANOVA results revealed that the
quadratic term was significant (p < 0:05), while the
other terms showed no significance. The linear term of
temperature (X2), and the quadratic terms of temperature
(X2

2) and pH (X3
2) were significant in showing smaller

p-values of 0.02, 0.01, and 0.01, respectively. Thus
temperature was the primary factor in the activity of
Cytolase PCL 5 in the production of compound K rather
than time or pH. The relationships between the response
and the experimental levels of each factor were
visualized by 3D response surface plots based on the
equation derived (Fig. 1). It is obvious from the plot that
the maximum yield of compound K (2.068mg/mL) can
be achieved by 78.05 h of the process at 55.36 �C at
pH 4.30. Under this optimum condition, the experimen-
tal yield of compound K was 2:065� 0:175mg/mL, in
good accordance with the prediction.
In this study, we optimized the conditions for the

practical enzymatic transformation method using com-
mercially available pectinases. Cytolase PLC5 made
possible the most effective production of compound K.

Table 1. Ginsenoside Compound K (mg/mL) Content of White
Ginseng Extract after 60 h of Enzymatic Treatment with Five Different
Enzyme Packages

Commercial enzyme
Temperature

pH
Ginsenoside compound K

(�C) (mg/mL)

55
4.5 0:960� 0:075

Cytolase PCL5
4.0 0:890� 0:049

50
4.5 0:880� 0:058

4.0 1:142� 0:050

55
4.5 0:930� 0:004

Sumizyme AC
4.0 0:918� 0:013

50
4.5 1:156� 0:002
4.0 0:845� 0:043

55
4.5 0:249� 0:032

Multifect Pectinase FE
4.0 0:303� 0:037

50
4.5 0:368� 0:038

4.0 0:414� 0:033

55
4.5 none

Crystalzyme PML-MX
4.0 none

50
4.5 none

4.0 none

55
4.5 0:628� 0:033

Pectinex Ultra AFP
4.0 0:632� 0:028

50
4.5 0:808� 0:084

4.0 0:747� 0:062

Table 2. Analysis of Variance of Independent Variables for Opti-
mization of Compound K Production

Regression DFa
Type I Sum

F Value Pr > F
of Squares

Linear 3 0.06 0.25 0.87

Quadratic 3 2.22 10.28 0.01�

Interaction 3 0.02 0.09 0.96

Total Model 9 2.29 3.54 0.09

aDegree of freedom
�Significant at p < 0:05
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Thus this finding suggests that the optimization of the
single-step enzymatic process employing multiple en-
zymes is a practical method of accumulating the
intermediate material of a complex hydrolysis pathway.

Acknowledgment

This research was supported by Industrialization
Support Program for Biotechnology of Agriculture and
Forestry (810002031SB110), Ministry for Food, Agri-
culture, Forestry, and Fisheries, Republic of Korea.

References

1) Fuzzati N, J. Chromatogr. B, 812, 119–133 (2004).

2) Park JD, Rhee DK, and Lee YH, Phytochem. Rev., 4, 159–175

(2005).

3) Bae EA, Han MJ, Choo MK, Park SY, and Kim DH, Biol.

Pharm. Bull., 25, 58–63 (2002).

4) Ni H, Yu N, and Yang X, Mol. Biol. Rep., 37, 2975–2979

(2010).

5) Noh KH and Oh DK, Biol. Pharm. Bull., 32, 1830–1835 (2009).

6) Tawab MA, Bahr U, Karas M, Wurglics M, and

Schubert-Zsilavecz M, Drug Metab. Dispos., 31, 1065–1071

(2003).

7) Karikura M, Miyase T, Tanizawa H, Taniyama T, and Takino

Y, Chem. Pharm. Bull. (Tokyo), 39, 2357 (1991).

8) Choi K, Kim M, Ryu J, and Choi C, Neurosci. Lett., 421, 37–41

(2007).

9) Choo MK, Park EK, Han MJ, and Kim DH, Planta Med., 69,

518–522 (2003).

10) Lee HU, Bae EA, Han MJ, Kim NJ, and Kim DH, Liver Int., 25,

1069–1073 (2005).

11) Akao T, Kanaoka M, and Kobashi K, Biol. Pharm. Bull., 21,

245 (1998).

12) Yi JH, Kim MY, Kim YC, Jeong WS, Bae DW, Hur JM, and

Jun M, Food Sci. Biotechnol., 19, 647–653 (2010).

13) Cui JF, Garle M, Lund E, Bjorkhem I, and Eneroth P, Anal.

Biochem., 210, 411–417 (1993).

14) Hwang IG, Kim HY, Joung EM, Woo KS, Jeong JH, Yu KW,

Lee J, and Jeong HS, Food Sci. Biotechnol., 19, 941–949

(2010).

15) Kim BG, Choi SY, Kim MR, Suh HJ, and Park HJ, Process

Biochem., 45, 1319–1324 (2010).

16) Ye L, Zhou CQ, Zhou W, Zhou P, Chen DF, Liu XH, Shi XL,

and Feng MQ, Bioresour. Technol., 101, 7872–7876 (2010).

17) He K, Liu Y, Yang Y, Li P, and YAng L, Chem. Pharm. Bull.

(Tokyo), 53, 177–179 (2005).

18) Hu JN, Zhu XM, Lee KT, Zheng YN, Li W, Han LK, Fang ZM,

Gu LJ, Sun BS, and Wang CY, Biol. Pharm. Bull., 31, 1870–

1874 (2008).

19) Yan Q, Zhou W, Shi XL, Zhou P, Ju DW, and Feng MQ,

Process Biochem., 45, 1550–1556 (2010).

20) Shin HY, Lee JH, Lee JY, Han YO, Han MJ, and Kim DH, Biol.

Pharm. Bull., 26, 1170–1173 (2003).

21) An DS, Cui CH, Sung BH, Yang HC, Kim SC, Lee ST, Im WT,

and Kim SG, Appl. Microbiol. Biotechnol., 94, 673–682 (2011).

22) Yu H, Gong J, Zhang C, and Jin F, Chem. Pharm. Bull. (Tokyo),

50, 175–178 (2002).

23) Yu HL, Xu JH, Lu WY, and Lin GQ, Enzyme Microb. Technol.,

40, 354–361 (2007).

24) Park CS, Yoo MH, Noh KH, and Oh DK, Appl. Microbiol.

Biotechnol., 87, 9–19 (2010).

25) Ko SR, Suzuki Y, Suzuki K, Choi KJ, and Cho BG, Chem.

Pharm. Bull. (Tokyo), 55, 1522–1527 (2007).

26) Noh KH, Son JW, Kim HJ, and Oh DK, Biosci. Biotechnol.

Biochem., 73, 316–321 (2009).

27) Son JW, Kim HJ, and Oh DK, Biotechnol. Lett., 30, 713–716

(2008).

28) Blanco P, Sieiro C, and Villa TG, FEMS Microbiol. Lett., 175,

1–9 (1999).

C

1.0

1.2

1.4

1.6

1.8

2.0

2.2

72

74

76

78

80

82
84

50
52

54
56

58

C
om

po
un

d 
K

 (
m

g/
m

L)

Ti
m

e 
(h

)

Temperature (°C)

1.0

1.2

1.4

1.6

1.8

2.0

2.2

72

74

76

78

80

82
84

3.6
3.8

4.0
4.2

4.4
4.6

4.8

C
om

po
un

d 
K

 (
m

g/
m

L)

Ti
m

e 
(h

)

pH

A

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

50

52

54

56

58

60

3.6
3.8

4.0
4.2

4.4
4.6

4.8

C
om

po
un

d 
K

 (
m

g/
m

L)

Te
m

pe
ra

tu
re

 (°
C)

pH

B

Fig. 1. Response Surface Plots Showing the Combined Effects of pH
and Temperature (A), pH and Time (B), and Temperature and Time
(C) on the Yield of Ginsenoside Compound K from Ginseng Extract.
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