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Abstract

The purpose of this study was to extract saponin efficiently from ginseng leaves and peelings by macerating
them with microbial enzyme. To begin with, we selected G-211 strain having the highest macerating
activity among several rotting molds of fresh girseng. Crude macerating enzyme was prepared from this
G-211 strain by ammonium sulfate precipitation, and was applied to macerating leaves and peelings of
ginseng.

The cptimal pH of the enzyme for maceration was 5.0 in both leaves and peelings of ginseng. The optima!
pH for the extraction of soluble matters and saponins was 4.5 and 5.5 in ginseng leaves and ginseng peelings,
respectively. When this enzyme was treated together with crude cellulase from Trichoderma viride (Tod),
the extract content of saponin was 3.45%, for ginseng leaves and 3.90% for ginseng peelings.

Their yields were 39.8% and 39.3% of total saponin amounts in ginseng leaves and ginseng peelings,
respectively. The ginsenoside patterns of saponins extracted with the treatment of enzymes were also
studied by HPLC technics.
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ol E FIEH + T3 457t BHRTY Hive
2 olgdxz ot gl HERLEe BES &
- 78 ERERNY BERMESEOS o
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Btk A 92 macerating enzyme & AZEZ A
PR EEADozA F34 02 saponin &
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2. BERAERE

My H ik AR SR (macerating enzyme)9] AERUEN
o 2alg FrRUKE A SHES SES HREES
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3l G-211 2 @y stg on, cellulase AR EH
2E BUBEFEN KESEY HRBEAA 58
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3. mEeFES FAB

Wheat bran i #jkrlo) A4 HHE AF
Ble] 30°Cel A 5EF<t wiFAA F 7 %] 0.
01 M acetate buffer(pH 5.0)2 4°C oA F&35}o
(NH.)-S04 & fifiA g o824 dojd Wis di
alysis 3t ¥ WEA=zAA ERSFYS. @8 ¥t
Hog H7MG H#hkE Tokyo kasei Bl A dHEfE
pectinase @ hemicellulase 2 {# H 315 v}
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Y, Cellulase ££9] #I%

Avicellase = 19 Avicell § 89 === CMCase
+ 1% Sodium Carboxymethyl Cellulose -2
(Mcllvaine buffer pH 5.6) 2ml ¢} buffer 2 34 3
HEEE Iml & 40°Coj 4] 3047+ uk-g-Al# DNS
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Pectin saccharifying activity(exo-PMG)= buffer
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fier(pH 5.0)o] £33t 199 E¥#EA 40mlo] =
$le] 40°C o)A 247 100rpm o 2 2 & KEEA 7}
3 & AY A—z=2 A3d tad FFE K
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.
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Fabste] GEEsHE T

Y., HPLC} {RE wEHE

Saponin & %3} butanol €9 i0ml & 60°C
oA ZFEEFA7 ¥ 2.0ml ¢ methyl alcohol of
48 A4 milipore A} AAE 47 F HPLC
(High Performance Liquid Chromatcgraph)e] 50
¢l & injection st} 9& chromatogram & T &
&% ginsenodside 58 ffifisted {FE3; calibra-
tion curve off #3Fe] &4 wEstsich o= HPLC
8 FAzAE et 2o,

Model: Waters Associate Model 244

Column: g Bondapak for carbohydrate analysis

Solvent System: Acetonitrile/H20/butanol (80/

20/15)

Flow rate: 1.5 ml/min

Detector: K1

Sensitivity: 8X

Chart speed: lcm/min
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Fig. 1. Schematic Diagram for extraction of saponin
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Table 1. Contents of Sapenin in Leaves and

Peelings of Korean Ginseng.

{ Saponin content (%)

Materials
I Vanillin — HoSO4 HPLC
leaves ’ 8.62 6.25
peelings | 9.75 9.42
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2. EHEMS S8 BEETHE

el BRIl HE A% A4E G-
211 Eitk 2 BEe® Y cellulase £prEEE

ol Trichoderma viride B9} mal A v 33

AT oA TPt AEZEY 9B Fu
sarium B4k, Sclerotinia EtkE- HHo 2 £#45 B
29 SWEES WA

BEEyY A
2 EgadA 9 % AEES middle lamella
2 BES AfMS @43z gud cel wall 9
T = cellulose 2 3 microfibril 4 pectic sub-
tance *} hemicellulose 8 3 matrix 2 A9 3 9]
o™, middle lamella &= cell wall cementing ma-
terial @] pectic substance 7} F§Eojctz F)A2
0, 23l ez EHPRELT TS99 BRAY B
HoE BHA7 7] 994+ 14 middle lamella
5 #9473 o4 E%ﬁg % TS cell
wall & SEAA ok Gt FHA . 28HA HE
24 B3 xHE e el ulase 7 pectinase
B BERY S i zabsldlor o i
BE Table 2.9 %t}

+= primary, secondary cell wall

Table 2. Interrelationskip of Macerating Acation and Cellulase and Pectinase Activity of Servera! Strains

G-211 T. viride T. viride Fusarium Selerotinia
(Tcd) (ressei)
Cellulase greup
Avicellase (u) 7 7 30 1 —
CMC ase (W) 134 178 189 — 130
FPD % 10.6 21.3 61.7 2.8 1.8
Pectinase group
exo-PMG () 135 95 50 28 110
endo-PMG ()@ | 52.5 95.1 633 32.9 733
Macerating 209 17.8 4.4 11.7 43
activity (%)

a) Percentage of nen-enzymatic reaction

A Azl A B ulel o] pectinase E3
endo-PMG & 787 AAeE= G210 BRY B
#7F 713 macerating activity 7} 583t =49 o]+
macerating enzyme &) A E pectinase o}z 2%
o A% E3] endo-type &} pectinace 7} 7} 2A 7}
FrheE Suzukit®®g) Br el 9RAFE H o)
Celivlase Bt9] 3 %% Trichodera reesei, Tricho-
(Tod.), G-211 fits IHo = SEsbA] A
HHAged] 7. Reesei BiHksl A% B3] s

dermia viride,

277 (FPD activity) o] =3}¢] o}t HEHEBSE
FidE WgE gL v AA ZH

Toyama S-@-& Trichoderma viride & cellulase

B EF CMCEFHaL: ¢ Avicell B854+ 8

HHNEEE SHdE & 9%E ¥ oA WREE
N AF 2 FA} dokz ﬁ‘r%‘_-“% B, BRE
5 AA A 4¢ A ol & Mg HERR A
7bshe mEEEREA A%t ““OLEJ-SL B3] v @D
B A¥e] A&d 7. viride (To 4) H#e A&
cellulase 29 A FE & 549 AZHBEE
HE AFs] woch, oY T reesel B
A RNE celiulase B BYRS 4452 olF 8
319 o1} macerating activity = »’c}r/‘ra—}
ol & peciinase B B A 5o FH 20
Rez 42 oy s ‘—?:% e l"é‘ “H
AZERBEEE S cellulase B Brl= pectinase B
7Y FAA QN B =ZoeE Ao g en
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o] Bhe BPEo|Y} Yamazaki® o] ¥ 74
Balpgo 2 SdEAd R ¥ endo-PG 7l ma-
ceration fEfi& @vtE @S oEE F50] H &
ek _

o] ¥ G-211 g#kot B A3 HERE R4 A
Mk B R (macerating enzyme)e] gha gt

3, BRRE njX= pH ! 8

b AEEEE R OABK AAMS) BigiE

G-211 H#Rs) MBS 98 AZE ¥ AZ
B OEEel BiEfFmd vlXE pH Y 4%E =
Asty] fAetd 1% AERRS gt ABE
A3} o2 Fig.2 8} o]l AZFolt AZp 443
pH 5.0¢14 ZEiEEHC] 7Hg E3%.

0—0 leaves
S0+ ®—® peelings
g
z L6-%~0
z 60p o~
g 0 o
g /.\.\ \o
o i 3
E 49 /. .\ ° \O
o ®
g 2 §——0~ *

20 30 40 50 60 70 80

(pH)
Fig. 2. Effect of pH on Macerating Activity of
enzyme Produced by G-211 Strain.

BIFGIRE Aspergillus &) BEFR = A T4
3t3] pH 2~3, Rhizopus 9 BEEYE 47 3~5,
2~3 6] A A 2ago] Eov Suzukid®: 7HA
o A$ pHS.07 659 F HojA A Ea gl
vetitrte pmatgled] ol A&d FHt B
fol mhetk chepebl Aol vl W Eolekz 47
A,

T A8 & o ABEY AL 6734 A
=747 §9 9 W v AZEE 4734 3= i
o BalHA e o A= ANt WUA=E
FZo] 5% Ax2 B39 4 v AHOY
Suzuki®®Z-o) A AFRctE g7t e B ol
. B3 AZRY B &S AT ¥
3 B5FBEYE lignin 36 71 Aom F&
Holzl},

b, RIEMEAE R

Macerating enzyme (G-211 g#:9 BER)Y 7}
SAEd &84 WA= pHY 9L & Fig
33} ko] AZEZEY A$E pH4ASIAN ABKE
pH 5.5 A 7}3 g JtE4EA] FEHY o

ABES AfAAL 41557449 HEAEAE
d& Frb Qe SHUGPT o] FoXe SRR
BEE 9 celullase & EFHEAZAE = 56.3709]
AE4EA L Age AgrgE v RS M
Hizse) 3=
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O—Ce,
0
o 0/ o
cor / o
g o ,/o\o\ \O
s ool 7 e
s / ®
= ©
£ o o’
= @/ C—0 lecves
o—8 [eclings
0t
T L 2 k. P —
20 38 &I 50 6L 7.0 8.0
(pth)
Fig. 3. Effect of pH on the Amounts of Extractable
Matters.
ok, SRR

ABE 9 AZBHE BEIBAA A—22 4
3 F QARAA A EelE ARdge B
favt st = 2 g2 AR, mitochondria 59 2
AHEEo] dejR ] o& WA LEE FEEH
Ak, o)E % Y AAEY g A& pHE
od & th Fig. 49 7o) AZH ABK ¥
3 pH 50614 743 47 o AaE ki
Higpigas) 9A "

5 o.
T / o
o ° O—0 )
eaves
2 1 ‘®—e peelines
~ [
g / AN
2 1P [
i o—®" Ne
= o
3 o/ o
5 -
o8
. A

20 3‘.0 4o 5.‘13 5:0 7?0 8.0
=

¥Fig. 4. Effect of pH on the Amounts of Solid

Matters Obtained by Maceration

2}, saponin 8 HjHizZ

G-211 H#kS 245 8% J2) el ABIE,
ANERE B8 A7 224 HiE2 4 Y& saponin
9 £42 zAsd E AdAE oS Fig 59 3ol
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48%, ABRE 3.97% 71 &2 9t} saponin 3
Z¢9 pHeol 93 932 WEkHtge pHo
W3k G} QA3 o9t F& PP AE
¥, AZEe Mol 35 #ikrt 2aE=4
A ZM) LEo] #2857 FA o saponino] FE5|
7l g Aoz FE53Av 284 £28 HE
AEA Y Adl gkl yte A ul# ShA & g
4. BERBRO| o)t saponin =EHE 3 EHIN
ik
G-211 FF ¢ Trichoderma viride (Tod) T 2.
z2A& 2223 54 (Macerating enzyme) 8 #
cellulase & HE o2 = Wastey z=xEIE
7} saponin F%-¢& ZAtsle] B A}E Table 3
s 7,

o) A&-3l MEERES 17401921 40°C o)A

1247 A8 &z on Vanilin—H;SO, 4
¥ 6 2 saponin & A #3tgch

wor or® e
/O,
® O—o *o——o
g sof 0/0/ -0
= ' . 0.
£ o o
8 20} /
3
1.0} 8
20 30 40 50 60 7.0 &3

(pH)
Fi

-

g. 5. Effect of pH on the Extraction of Saponin

Table 3. Effect of Various Enzyme Treatment on Yields of Saponin and Total Extract.

leaves peelings
saponin_ Teeerie SO | qponiy macersine exeacton
M.E.® only 3.29 68.2 47.2 3.92 47.5 34.5
Cellulase only 3.15 59.2 47.5 3.72 42.1 33.8
M.E. +cellulase 342 70.3 48.3 3.98 50.8 344
M.E. + pectinase® 3.30 68.0 43.8 3.92 49.8 34.0
M.E. +hemicel-* 1.56 23.2 18.7 1.50 21.8 15.2
Inlase
)

a) macerating enzyme
b) 0.5 pectinase
¢) 0.5% hemicellufase

9] A=t o] macerating enzyme 3} cellul-
ase & BEFogA AZEES H$E 3427, A
BHY A$E 38UE M L FEEE e
Wgen =4 s got HLAED FEHE
2 A gt

Macerating enzyme 7 cellulase & =+&-0.82 A}
28 912 8830 24 middle lamella & 23
3w, = ¥EE A5 Axd FHFgET 4
WY FHFgo) gEFLoz dofdoEA sa
ponin $%& 9 27 H§&o ¥ Aoz 5
Bk o] AFdE 459 EXRE N2 E cellulase
g cell separating enzyme 3 &3 F& Aoz
A A 2L 43 A4S 752+ AfHE A
5@ o v urlets AHEF Yrt

5. BEEEE ¥ HHE saponin 2) HPLC pattern

A% 9 AZE macerating enzyme (G-211

Bi#E) 9 cellulase(T. vivide, Toyama)Z 4-f8A A

2 saponin 2 {fji¢] butanol Hii o2 Hy
H3t% HPLC & o]&3}s ginsenoside Fj2 2-a]
9o o chromatogram & t}g- Fig6, Fig7
3 72},

9] chromatogramo] A & 4 §1%o] ALE
o] = )2 H-0] triol 5 saponin gl ginsenoside-Rg,
-Re, -Rd, -Rc %] %l =z diol 52 saponin-2& A9
vyehbx ggto vt AZEfe] &= ginsenodide-Re 7t
k7t gol FHH e AL Az AZR
o 4 & saponin pattern & A FE—3F %-o]
At

AZEFE o] & triol & saponin o] diol 4] saponin
o) I wo] $RH ke AH-E triol Al/
diol A19] ®] o] AZfRo] 0.81, 4ife] 0.653=
el wksiA AZHEES 15102t Rudt £594

— 134 —



Ro1 ﬂ

| — 1

macerating enzyme

cellulase

puffer

N v.]

INJ. 5

10 15

Retention time {(min,)

Fig. 6. Chromatogram of Saponin Exiracted from Ginseng Leaves by Enzyme Traeatment.

A3} AZEFH| = triol Al diol A] saponin o]
Ad FAT w2 FHeo] e ubd AL
#Rell == diol A saponin o] 0.35~0.45¢] u]g=2 ¥
#9 gloke g9 ww Foz od LA
Aok, AZr2] saponin pattern -2 g5 @2 HPLC
£ o] 23 ginsenoside Bl 4 FEA A 4t A2 4
A H & Ao}, el G-211 F52] macerating
enzyme & MR A saponing A fof=
ginsenoside-Rb; o] ¥zt Zrastz 7H43d Rb, 3
2 A9 Z9g g0 = ginsenoside-Rd 7+ Z7}4
2 4kt o]RAL G-211 #5¢] macerating en-
zyme ol & ginsenoside-Rby 8] 2% 2091 X]o] A

g=lol 9l f-1-6 A glucose F & EAY
glucose 2 A }hdlo] ginsenoside-Rd & A 34 7
= BRVE A E g 22T 4 Uk

6. saponin o| BEREIRIRFMEI AT i AE

o] KB

BT 2 K288t AZEi 9] saponin
€ F&3517] 9AAE 75%2 ethyl acohol o]}k
methyl alcohol 2 60°C o 4] A4 7} wE-F 2314
oF dt= =Ao] glon B3 AZESY A$E F
SRS 914t chlorophyll &) B AC) 4 [kEA
Ha gk zaA wigAded =z FAY Bl
B BT BEEES ©)$-3 saponin 34
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Rg1

Raz

Rf

macerating
enzyme

cellulase
r
P
v
i buffer
INJ, 5 10 15 20

Retention time (min.)
Fig. 7. Chromatogram of Sanonin Extracted from Ginseng Peelings by Enzyme Treatment.

& 27 st S FEy S BEREEAL
FE 9 ey & vlmzats] B A% E Table 4
o} Zgke}, o)d BEEMELE G-211 59 ma-
cerating enzyme 3} T. vivide (Tod) T-F A <
& cellulase & pH 5.0 buffero] 0.5% 4% B&E
Halo} 40°Col A 1247 A gukg AR ey F&
% saponin -2 Vanillin-H,S0, Bfatkoz EESH
ot el 3 enzyme R % BEMIBIEE en-
zyme BE F SEA ¥z 3 RAZE Wk
3 saponin &) WM B R RS saponin
B} enzyme EE 2 e saponin B 53 B
2 BA T BEMHEES RS oFFd B
w3l &z BFURE =292 Rils saponin W
Ao ® Mlsld = saponin BE EEIY
=},

o] ¥EE o}t Ao enzyme fpEulo 2 A
9] A9 A saponin ko] 39.8% A 4
E 393% v $2¢ 5 Jgiw 2EE AZE
RS A AEHKY saponin & B

lo 4o

Table 4. Comparison of Extraction Yield

of

Saponin accerding to Enzymatic Treat-
ment 2nd Solvent Extraction.

solvent extraction
after enzymatic
treatment

solvent extrac-
tion

leaves peelings

leaves peelings

enzyme treat

solvent extract

3.45 3.90
521 6.02

8.64 9.82

total yield

8.66 9.92

8.64 9.82

o} Bl HivoE ALsinA & Aex= v
ZAA Oz FESR FRBEME IR FA

(<]

Aol T &EL

st sio s A7 ek

BERBI TS

=935t 2]

AZE 9 AZBEE WHOHEIREERSE (macera-
ting enzyme)2 SEAZ o 2HM A EBEIRS
9l saponin & F-&F o= st 2A KBEWE
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Z A0l AEE 1Y G2 HRE B
Este] MW AR Agedt

MRRBRIERY B pH = AZSE, AZK 49
pH 5.0 ol g o] w4z 9 saponin f
HIZSE- A3g3Eo] pH 4.5, AZk~} pH 5.5 4 7}
& adst g

FEREsEEE R M cellulase & fEAEESlo =
M ONEEE, AZE A7 3.45%, 3.90%9 saponin
< MlE & ARA = o] MiHES A saponin
el 39.8%, 39.3%e S BEE dzso) Aok

=3 #h® saponin & HPLC & FEAA %
ginsenoside | pattern x. #{# s}l o},

2% % B
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