Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
1 Korean J. Food Preserv

1 26(6), 703-7 (}

| https: //d0| org/10 110 2/kjfp.2019.26.6.703

R LERIRMBX YL GO
The Korean Society of Food Preservation

Production of Compound K using ginsenosides from ginseng leaf by

commercial enzyme

Sang Jin Kim, Chang-Su Park*
Department of Food Stience and Technology, Daegu Catholic University, Gyeongsan 38430, Korea

0z
e
0t0
kol
B>
i
=
0t0
rok
re
0z
HO
30
=
Q,
-
(7]
D
-
2
(o}
(1)
Hu
4
m
9
3
3
c
=
o
A

z
>

Abstract

This study aimed to prepare a valuable minor ginsenoside Compound K, using ginsenosides from ginseng leaf,
by-products of ginseng, with a food-grade commercial enzyme Cytolase PCL 5. The total content of major ginsenosides
in ginseng leaf extract was 146.9 mg/g and that of the PPD-type ginsenosides such as Rb;, Rb;, Re, Rd and F,
was 5.7, 11.5, 19.8, 16.4, and 9.8 mg/g, respectively. Cytolase PCLS showed very efficient enzymatic activity
to produce Compound K from the PPD-type gisenosides of ginseng leaf extract. The Cytolase PCLS exhibited
the highest activity at pH 4.5 and 65C, and the half-lives of the enzyme at 50, 55, 60, 65, 70, and 75°C were
118, 94, 87, 60, 47, and 8 h, respectively. During Compound K production, the optimal concentrations of PPD-type
ginsenosides and enzyme were 10 mg/g and 100 U/ml, respectively. Under optimum conditions, Cytolase PCL5
produced Compound K from PPD-type ginsenosides with a molar yield of over 97% and productivity of 1 mmole/L/h
within 10 h. These results suggest that the ginseng leaf is a potential producer of Compound K and Cytolase

PCLS is a very useful enzyme for Compound K production.
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skl A2A171 %ﬂ‘}o] Gl Hlell E5o] Foha gelA
AT} ol g gA4ke] 7t W
ginsneoside & H-&9 JleRs|7E dojyal  major
ginsenoside 2F-H #A}3Fe] F0o]E ginsenoside Rd, Rgs,
Compound K 52| minor ginsenoside”} A4 HTH7-11).
Minor ginsenoside:= major ginsenoside®l] B3l 2H-2 :v:?(]"j/k
o2 AW 5] w1 5ol Hojutha A 3
(12,13). 53] major ginsenoside2] thAMFE<] Compound
K= A F5&0] =1 3¢, 44 da 1HE s,
IFET, %5"3} ]‘ﬂ "ﬂtﬂ' e, LA Aol dvta
3 ofjet At M 1 ko] # o
21tH4,14). & A Compound K=
FAF o] &g AEHS W gt AYito] A ojA 1
UAIRE o] 5 Fg thEF AAF Aol gk Ate niH] gl
217 o] TH(11,15-19).
e FE WS ARESH] Wl 1Ak Al wE
13k, =71, @vlf T 12} FAhkeo] vk BAsta o]
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%= t}F9] ginsenoside”}

, = 48 slee A7 4%
QAR oF] 74 ] e 21 ol th20-23)
A3 ik FAHE ol EA1eHE ginsenoside®] 28 1
© QAF AR o] &gk Akis) Al A E AR o] &
Sfoll = 71 & 4= qlen, A3 o7 Qi AR
B e A7 2IE 3E3 4 Al sl

Bz 71 & F 3le =2 287RE Wxst

o]g&-35to] <14t -2l major ginsenoside =
TH minor gmsenoside S A ARG A7) 2L

A SollM AP Qe 53], aaE o83 A4k Fel
ginsenoside®] &M 7= 47 /A1 e 71AE

o] d-& &8-3lod 54 ginsenoside S AYAF & - U= AH
gol w2 A VRN B F5S 81 Utk o
1} ginsenoside A& FHol| 2g g & e G W
& A &A= o] FoA| 3L YA T oA 74A] ol nlH]| g
2% ol o] gt o] 42 913}9] ginsenoside A =7 Fhol] A
£ T AU BaAAY A& B Y YEHS BL
£/ 71782 ginsenoside A= g AAE AT QoA
*_r“éol - =ta & Atk

Aol M= ik Al Al EAsh= 1A} FARER) Q1A
é\_xﬁi ggalo] 914 e 7154 229 major
gmsenOSIdeE FEot] T A6k, /o] Ey

o] NER NLAZA T o = 9= Aede Faol

1:o_|
O:
_1.4r 2,
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Aspergillus oryzae +2}©] pectinase?] Cytolase PCL5S ©]
&sto] <4t
71’64} minor ginsenoside Compound K& AJA+st= o +-7]
=< gstaat sk

2 major ginsenoside Z%-E] 157171

W o
HEHNE
B Q7o) AgHE AR B F FAE A4 A
bR RE ARE A7 AAse] AH A se] ALgdt

ATk Ao AFg3 A8 g4 pectinase(Ulatazyme AFP,
Sumyzyme AC, Cytolase PCL5), amylase(BAN 480L,
Shearzyme, Fungamyl), celhllase(Viscozyme@)I_,, Ultraflo,
Celluclast) beta-glucosidases= -+ Novozyme Nordisk
(Bagsvaerd, Denmark)°l| 4] #iste] A& 1 s}3la
ginsenoside =3 (Rbl, Rb2, Rc, Rd, Compound K)->
Ambo Institute(Daejeon, Korea)ol| 4 +<i3te] AH&-315 Tt
71ef Ade ARG AlEE FYARFEF Y (Ansan,

Korea), Sigma-Aldrich Co.(St. Louis, Mo, USA)°l| 4| uljsk
of ARESHIT.

elatel el FE= M

Aol ARSI QI B AR B Az S AR
014k 100 g& 70% 54 1 L= o] &3] 80°CollA] 12417F
&< FET F filter paper(Whatman No2)E ©]-8-sfo] o]}
% rotary evaporator(Eyela, tokyo, Japan)S ©]-8-3}o] 7+t
FEAUT w5 A= SHTE o83t &all &
Aikel FE2EE AMESl] GAaHHEd o] 839y, FEE
3 major ginsenoside= High Performance Liquid

Chromatography(HPLC)(Agelent 1260 series, Agilent
Technologies Int., Santa Clara, CA, USA)E- ©] &3] ¥4
SFAT.

olatel =FE fai ginsenoside F& &A|

Particle size7} 50 ym$! ODS-A resin (YMC Co., Ltd.,
Kyoto, Japan) 100 mLS %313} column<s ©]-8-5te] A| x4
014+l FEE 25 Compound K AAFHE E A0S 7]
A2 A 7153 PPD-type2] ginsenoside S 217 Al 5+
t}. ODS-A resin®] Z29 columne 30% acetonitrile(ACN)
< o]-83}¢] column equilibrium= #8311, Q14+ -
25 30 mL= column©| loading &+ % 30, 60% 2] ACNS
1 mL/min®] F&22 747} 200 mLA S8 FH fraction S 2
1-?_,:/] ;],oﬂ _ _m:/] S 71— fractlon'* HPLC /\] /\Eﬂ o= l-?_/d ?‘51
% ginsenoside® & £ fraction< rotary evaporator
£ ol &3t At wFt] 7|HE ARESIIT

Compound K ¥& 4 screening

FPE AAE o & 'J 9142l 2| major ginsenoside =
HE Compound K &3 ALHIE-E 918l amylase,
cellulase, B-glucosidase, pectinase(50 U/ml) ¢} 914+ &
& 0.5 mgmLE 27 &35} 50 mM citrate-phosphate
buffer(pH 6.0), 40CollA 12A]7F ¥H-&- ¥ Compound K A3 4t

8 HEST
Compound K 4=8& 248 =A

Compound K A =78 YIS 918 Aspergillus oryzae
2l pectinaseQ! Cytolase PCL 59] &4WHS- 22 pH, &%,
SE A A S A F

%% 0.6 mgmL¥} 50
UmLe] 545 ARgste] A4S APttt 50 mM
citrate-phosphate(pH 3.0-6.0)2 AF-&-3}o] 50Col|A] 124]7F
HH-2-3}od Compound K A2l 9lof pHE| 48k Al H gk
t}. Compound K A4kl QoA A whg- 2=5 HES]
138k 50-75C Z+7+2] %04 50 mM citrate-phosphate
(pH 455 AF&3k] 122417 vH5- & AJ2kE Compound KE
HPLC A| 2815 o]-&ste] HESISITh & &40] g4l
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| 9138t 50-75°C Zh7te] &
g A]71"§E £ 4F sampling
et aA4gd o] half-lifes
ko] 9}0%1 250 gig &

Tt vAE Qs AEs
COﬂ’ﬂ BAaE A 5%
gk & Compound K A4kl
@E?} i“i Compound K A

B
0,
oZi

_47;1 g4 _H:E |:|| 7|xl_'-|:

Compound K AJ2HS 913 24 7ds® #HS ¢lsk]
50 mM citrate-phosphate buffer(pH 4.5)¢]-8-3lo] 7|2 5%
£ 1-25 mg/mL HH 2 A Z3k om, 747+e] 7]d s Eo
}1/\ 100 UmLE 7Fsto] 65CollA 12417 vhe- & Ak
¥ Compound K& HPLC 4] A|2glE o] &3to] 4135131

)
S oo

t}. 18] 32, Compound K A4S 918k A o] G484
EZS 93t 4% EE 10250 UmLE A 23 &
mg/mL 7] (50 mM citrate-phosphate buffer, pH 4.5)= 37}
st 65CollA 12417F WS & A4 Compound K&
HPLC 4 A|2~HlS o] 8-3lo] A 83Tt

[e

Compound K 4& Time-course

014+9] #ZE-S ODS-A columns ©] &8t PPD-type
ginsenoside 7+ -3 A B8 E 10 mggs 712 E o] &3}
o] 100 UmLe] & 49} 50 mM citrate-phosphate(pH 4.5),
65 CE A 15A13F WhH-g-5to] B Ank-go] Z1g) o wie}
Zasl= 712 ginsenoside! Rb;, Rb,, Rc, Rd, F,,
Compound-O, -Mcl, -Y, -MC ¢} A4}+=] = Compound K&
HPLC 74 A|Z=glE o] &3t EAak3itt

HPLC &4

Ginsenoside®] 3 #F ¥41-& Agilent HPLC 1260 series
(Agilent Technologies)E ©]-&-8t =% 8F3ith HPLC &4
2 Agilent poroshell 120 EC-C18 column(3.0 mmx50 mm,
2.7 um, Agilent Technologies)= A}&-3}51 o™, o] 542
5-55% ACN+< 0.8 mL/min®] <422 column &%+ 35C

2 33, UV 43719 4% 39E 208 iz Sl A3k
.
A0 Y 1%

ol&tel ginsenoside &2k £4

AR, Az 9 21kl 100 g2 70% 74 1 LE o] &3l
80TCAA 12417t B3t FF3l] FE2ES A=x sl =
E 9] ginsenoside ¥&-S HPLCE o] &3to] A &4
S} tHTable 1). 71 22} Q1412 1 g ginsenoside= 146.9
mgo 2 A% HUch ©]F Compound K AEZShol] 714 2
AHE- 2 4 1= PPD-type ginsenoside(ginsenoside Rb,, Rb,,
Re, Rd, Fo)E 632 mg/gC.& °F 43% 9S &9l a9},

71E AT mEw Qi FEE  ginsenosides
PPD-type®] ginsenoside”} ©F 31-42% 2}aL H.1 FojA 9l
©](22,24) ¥ AFA FEI AN FH FEET
PPD-type®] ginsenosideE 7]l % o|7l gk} FA}
Al Bfrata lSe glstanh e, 1Akl &
ginsenoside &0l thgh A7 Eae] 21o{A] Rhy, Rg;, Re,,
Rg;, Re, Rd, Re, Rby, Rby, Rb;0| F55 = 202 Hiix|o]
U=, 2 ATl A QA e 2R E %% ginsenoside™
Table 1] A|AIGF A2 o] 7]& AFE 9t 80% ©]/d
A %] 3}+= ginsenoside AJ 0] FEHJ o g2 FZIP
A ginsenoside T72] F=°] & o] FoHthe= Ae &<
g 4 U AT 71E AFdAME A R

ginsenoside 24 FZF)A| 22 F,, Rf ginsenoside”} ¥ A+

o oJ3l FEEHALH, 7|E ATFolA ez RE 5
=% Rg, Rg= ¥ AFolA F50] 57| & AowiH
AAFelo] Fioll webA FZ ginsenoside &/ 2he] 7}
Zae EAetE Aoz FR1HATH22).

Table 1. Ginsenoside contents in ginseng leaf extract by Ethanol

Ginsenosides Concentration (mg/g)

Rh 4410.14"

Ry 6.57+0.15

PPT Rg 32.14+031
Rf 11.8740.27

Re 28.67+0.08

Rd 16.3710.15

Re 19.8240.20

PPD Rb, 11.530.11
Rb, 5.66%0.14

13 9.82+0.28

Total 146.8610.21

"Data represent the means of three experiments and eror bars represent standard
deviation.

% Compound K A&4% 7|d =2
AHE- & 4 9l = PPD-type?] ginsenosideS #2]317] 9130
&< loadingd}al 30%, 60%
] ACNg o] g3l 747} &= SISt 30% ACN= o] &3}
o] &=+ #-8 ol x| = ginsenoside Re, Rg; & PPT-types]
g1nsen051de7} HZE H9aL o] F 60% ACNS ©]835le] &&
&+ $-8 ol ginsenoside Rby, Rby, Re, Rd, F, 5 PPD-type2]
ginsenoside’} 7 &% 2 tH(Table 2). =gt PPD type<l
ginsenoside & ¢t ES3lal $271% 3 HPLCE 53 3
2 223 A3} 35 3 ginsenoside Rd, Re, Rb,, Rby,
F7b 247t 182, 214, 127, 7.5, 5.3%= &< 9t
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Table 2. Purification of ginsenosides in ginseng leaf extract by ODS-A column

Ginsenosides Rd Re

Rb, Rb; F Total

Concentration (%) 18.19+0.11" 2142021

12.6840.24

7.5240.10 5.341031 65.15£0.18

"Data represent the means of three experiments and error bars represent standard deviation.

Compound K M4 &4 screening

404 EA2E 08319 Compound K A3 45 3]
sl A FE2ES FEFAS £8E 06 mgmLs ©|
43lo] A8 §4 100 UmLe SX& 40TolA] 124]3F
HHE- - HPLC A]|2=®l< ©]-8-8t] Compound K %18+ of F-
E 2l 35Tt ouf A18-E P8 G4 amylase 33,
cellulase 3%, B-glucosidase 2, pectinase 3352 A}-&-3}o]
Alde sttt 2 A7 AHEE A998 B4 F 5%
o]’} Compound K& A4Hel= &A= Ulatazyme AFP,
Sumyzyme AC, Cytolase PCL5 37}A] &4>7} Compound
KE A & 5 e Aoz g2l =33 o|F Cytolase
PCL57} 2F 40% ©]’3<] Hg-&S v o] Cytolase PCLS
£ o]-&-3}o] Compound K A3+ 28-S #18) 319 tH(Table
3).

Table 3. Production of Compound K by commercial enzymes

Enzymes Contents of compound K (%)
Ulatazyme AFP 8.4:0.09"
Sumyzyme AC 9.1+0.11
Cytolase PCL5 47.6%0.31

"Data represent the means of three experiments and error bars represent standard
deviation.

AL EAE o] 83 ginsenoside JEA T #H 7=
ATFE AT EH Choi 5(25)°] dTellA= Cytolase PCLS
T 7 BHE ZAE o83l &t FEES WS SIS
= @ Compound K7} A4t 57 eF=thal Bl 3H9l A,
Lee 5249 AFdAe QA FE2ES ol &3t
Cytolase PCL5 & 87H4] 418 E4E o] &3t ¥he ¢
A3} g Z7ol H¥]&l Compound K &3Fe] S71H &
Cytolase PCL59} Ultraflo L 2714 448 d4olA
Compound K #o] 217} 137, 1490 27} & Ao& By
oz th2e). SHAIRE 71ES] AT HiddAe
Compound K A2+ 98] G408 248 g3k A7}
ofln, JAWES Tl AilEe Tt minor
ginsenoside % ¥+ 724 Compound K| A1HS B a5}
1 e} webA, Compound K| 883} Aikake wjj-9-
w2 A7t HaEojA Utk webA, & A=
Aelg/de] 7150l =2 7157 ginsenoside?! Compound
K 24 2 BAES T AEHS AL 71+
s

Cytolase PCL5 &3 HESxA

Cytolase PCL5 &24WHg- pHe} 2% 2718 Auld 2
Compound K A4k 9lo] pHE 4.5, L=+ 65TCollA] 1L
©] Compound K 7 2H&-2 Vel YATh(Fig. 1). pH 3.0%
pH 6.091 M %= ] G489 oF 80%<] &S Holx
2lo] pH 270 tiAl =2 el A gl & 4= 9l
o} a8l 229 Gl lojA], B F4E 65T A
2xo|H, 50T 75T Hl &4 &4 oF 70% ©17F
A)

120
100 — ././\H\i
80 —

60 —

Relative activity (%)

20 —

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
pH
B)

120

100 —

80 —

60 —

Relative activity (%)

20 —

0 ! ! ! ! ! !
45 50 55 60 65 70 75 80

Temperature (°C)

Fig. 1. Effect of pH (A) and temperature (B) on the activity of
Cytolase PCL5.

(A) pH Effect, the reactions were performed with 0.6 mg/ml of extract from ginseng
leaves and 50 UfmL of enzyme at 50°C for 12 h. The used buffers were 50 mM
citrate-phosphate buffer (pH 3.0-6.0). (B) Temperature effect, the reactions were performed
in 50 mM Citrate-phosphate buffer (pH 4.5) containing 0.6 mg/mL of extract from
ginseng leaves and 50 UjmL of enzyme at 50-75°C for 12 h. Data represent the means
of three separate experiments.
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94, 87, 60, 47, 8A1FU S & 4= U TH(Fig.
&5 B Ao Ak AXRFE 2 AT
< el A3 65T, 12417 WHg- e
F glo] 84 EAdo] & §A]H 1 9}
t}. Choi 5(25)¢] Cytolase PCL5E
ginsenoside A4+ 7= Compound K AJ1H& —.451
T AT ol A7) ell, BANRS 2 0 = A 10-551
A pHE 2.5-5.09 YA A47} PSEMM%U%,
Compound K AJ2FS 913} Cytolase PCL52] 22 WHg-271
o] SR = Ut HAINE & AF-ol|A = Compound
K AAte] tf gt Cytolase PCL52] # A 9] vhg-271 &2
Eé}oi 84 Hbez70] uhahA] gisenoside A4 2lo]
= slelgto 24, o] gt ﬁalﬂ-il‘i—lﬂ 3T FAE H83}
5% ginsenoside AY1h= X8 & 7ol = s Bavt

00_4

T

N
=
—

1

bor B>
oXx

g m
olo

¢

D2y
s
1o
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L IR =
N

g
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)
3:9
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£% gisenoside AJ4tol] Q78k= Jq 279 YL 23}
o] X gisenoside YAHI B 7]o] & 4 ke AL
1*]"9]’/\1\5}-
9
z
z
B
2
3
&
1 ! | |
0 20 40 60 80

Time (h)

Fig. 2. Thermal inactivation of the activity of Cytolase PCL5 at
different temperature.

@, 50C; O, 5C; ¥, 60C; 2,65C; W, 70C; [, 75C. A sample was
withdrawn at each time interval and was assayed for the remaining enzyme activity.
Data represent the means of three experiments and error bars represent standard deviation.

Compound K M&te] =& J|& % 54 S
Cytolase PCL5%E ©]-8-¢+ Compound K A4+ 24
<9 HA VA FEE AN %%%—% T2 A g

% ginsenoside &S 7|02 A% I Th A4S

AL o
e e %

£
3]
<l
=

~

-

n

E FEHAS 712 F ginsenoside ?ﬂ"ﬂg 3-25 mg/mL2]
=54 100 UmLe] Cytolase PCL5 fAE Al&3lo] A
FEE A ST O 23 718 E R 20 mgmL 7HA]
Compound K A A+eko] 3238 Z7} sl= AL ol & &
ADA T M3l 9lo] 10 mgmL 712 F% 7HA = O‘t
100% 1l 717}-%- 7 2+-&(mole/mole)= L}EMJ‘* v 7 o
A 7| AT E Aggo] FA3] 7HhdtE AL ol
& 4 At oYt A2E vl o2 Compound K AAHS:
Q13 34 7|4 ¥ =% ginsenoside 715 10 mg/mLE Q1=
9 HFig. 3(A)).

W, M

—

(A)

10 110

— 100
817 2
= _ X
g 90 °£
24 °
E (L ~s E
= =
£ e
g -7 £
=
2 4r 60 2
=
™4 >
1 £
@) —5 3
2 - ]

— 40

0 | | | | | 0
0 5 10 15 20 25 30
Substrate concentration (mg/ml)
®B)

120

100 —

60 —

40

Relative C-K production (%)

20

0 ! ! ! ! !
0 50 100 150 200 250 300

Enzyme concentration (U/ml)

Fig. 3. Effect of (A) substrate and (B) enzyme concentration on
Compound K production.

@, Compound K production; O, conversion yeilds. Data represent the means of three
experiments and error bars represent standard deviation.

Compound K AJ4tell 9lo] 24 Cytolase PCL5 & Aw<
olr 7] 9la) 1-200 U/mL2] Cytolase PCL5S Al-&38}o]
714 %% 10 mg/mLe] Compound K A4te]l m3]& &A%
< 24} S thFg. 3B)). L 23} 100 UmL7FA] Compound
K Arkgo] S7kslal 71 o) wRddAME BE3) He Ae
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Folste] HA g4 FEE 100 UmLS] Aoz 53
o

Bae 5-(15)°] Bifidobacterium sp.= ©|-&3}] Rb;, Rb,,
ReZ*E Compound KE AJA4HeE A2}, Ko 5(17)°] T
gk glycoside hydrolaseE ©]|-8-3to] Alxd E3E25HH
Compound K& AJ4Het Aol A= Compound A 4Hs ¢35}
o] 7142 o] &%= gisenoside®] #4 T 3 AEARI(E
22 uAAE) HA F= ] tig dTe Fa A
A Th & AGE F3o] Cytolase PCLSE ©]-&-3F 14¢
A #2 ginsenoside Z5-E] Compound K AJ4HS 93t 22
714 9 BAEEE o RA 71d 9 B4 AR
£48 43t g 4 e G820 Z A2 2 Compound
K &g o]l el & 5+ At

Cytolase PCL59] 718l 7} w2 Compound K
Aol mx)E JeFS dobry] A8l 020% =2 714
| (Ethanol, Methanol, Dimethyl sulfoxide, Chloroform,
Toluene) %71 dlol| 4 712 ¥ %= 10 mg/mL, Cytolase PCL5
E 3% 100 UmL, pH 4.5, 65CollA] 12A]17F wke- &
Compound K A4k gQlal ®oketh 1 23 10% f71-8-+1)
% 7HA] = Compound K A4Hol| So]# <l Wgl= gle
Ao ol ¥l 10% F% ©]4olAE Compound K
Aakero] F43] ZolEe 2 g9l & F UATh(Fig.
4). 10% &% o|’¢<] f7]&vl= Cytolase PCL5S &4 €4
o & PR Aer YEsten, 1 oldt oAM=

b

>

o F
fl

_] a
rO
il
32
o

120

—_
=3
=3

%
S
I

Relative CK production (%)
& 2
I I

»
S
I

0 ! ! ! !
0 5 10 15 20 25

Solvent concentration (%)

Fig. 4. Effect of solvents of Cytolase PCLS on compound K
production.

@, Ethanol; ', DMSO; A, Chloroform; M, Toluene. Data represent the means
of three experiments and error bars represent standard deviation.

Compound K M4t Time-course

o14tel 252 ODS-A columne ©]-&3}o] PPD type
ginsenosideRt F- FA| g FE =2 100 Umle] &4
pH 4.5, 65Tl A 15417t g3l Compound K A4S

3] A26d A6E (2019)

gkQl 3tk Compound K A4 Al 7|2 &2 AL8-5| = Rb,,
Rb,, Re, Rd, F, 52 ginsenoside 7] & 32129l glucose,
arabinose 5 & A} 24707} A3HE F3 0] 2 Compound
K+ glucose 1547} AFH F224 714 ginsenoside =
8 Compound K7} AW FapeFe] folof] o]
Compound K2| A& 714 ginsenoside®] F-AFFHETF 74
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Fig. 5. Time course of Compound K production using partial
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