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Effects of Red Ginseng Saponins on Growth of

and Aflatoxin Production by Aspergillus flavus
Hyo Jin Park, Jae Rim Bahk and Dong Sook Song

Department of Food Science and Nutrition, Busan Women's University, Pusan 600, Korea

Abstract: The study was carried out to find effects of the saponins that were extracted from red

ginseng on the growth of, aflatoxins production by, and protein patterns of Aspergillus flavus
NRRL 3357. A. flavus with 10° conidia as grown at 30°C for seven days on the enriched medium.
Mycelial growth and pH changes of medium which cultured the mold, were similar to those of the

control group. However, aflatoxin which produced by the mold was less than that of the control in

all concentration of the saponin. To be more specific, 0.3 % of the saponin inhibited production of
aflatoxin By and G to the extent of 31.6 and 21 % of the control. The protein peaks of A. flavus
at the fourth day of the culture were shown high intensity near the level of 14,300 daltons.

However, the mold which cultured in the medium containing the saponin showed low intensity of

protein than that of the control group on all molecular weight.

Keywords: Aflatoxin, Aspergillus flavus, Red ginseng saponins.

EEE Fol =2A REs 3z 9= o] aflatoxin
ol v} 10604 el A ;I turkey X-diseaser} m=}
Aol A T FFol Fad TFo] Aspergillus flavus
9 | AAESQ 349 aflatoxine] F<ld Ae=
3] 21 v} (Goldblatt, 1969; Loosemore et al., 1961; Allc-
roft et al., 1961).

2EF 2040) At A4 FRY EE Bk Asper-
gillus flavus, Aspergillus parasiticus® ¥ 3.5 0] 9]
o} (Patterson, 1969).

ol THolx AAAC =
etdd] e F¥o] Bx AWSFESN} & A9
ZF AAste, W&o Hg¥ A RHE 82%ol=,
aflatoxin A Abe] # 2 RHE 89~99 + 1 %™, 2%
<+ 9% HAABRE #99% 26~35°C: 2z fH3d
(Diener, 1973).

pH 40]3toll A= o] A A5 5.5~6.0&
Az e

4749

‘%}d:%{ 2 sucrose, glucose, fructose,

xylose, ribose, glycerol5 & o] 48z F42Y 0 Z amm-
onium sulfate, potassium nitrate¥ & o]4e 5 Zne
aflatoxin& & {E¥RTF 5 9# 3 27 Fe, Mn, Ba, thia-
€ 273+ (Goldblatt, 1969).

Aspergillus flavuse F3o| vV A=§{ 7lg g2 =
¥, A Tl FEIY #Ez FEY 454 =,
A, 24, 7%, A4 4 MIEE wely o
989 + deoH, odd F FAEHA S£E g}
2, £EE FRE A4t FEAA A9 E £

o2 & aflatoxing w2 E/T WA ot Ag
F FEAA TUEE Az Fiol Z3 aflatoxin
B, Mi ¥ Gi2] RRE7T " vh(Diener, 1973).

Aflatoxin By, Gy @ M8 F2z4¢& Fig. 13 2o
o dybd el #ke Table It 2ot

Aflatoxino 2 <1 % E4pERHy BEe 34, e I
ﬂ%ﬁﬁ BT SHESY TEY A48 B, ER

o W&t |\ WA Fo BEESE 23 (Cyse

mine, biotin%
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Table I. Chemical and physical properties of three aflatoxins selected.

Aflatoxin Molecular formula Molecular weight  Melting point ggzibg,sgépggs Fﬂﬁggfcﬁl‘?
AFB, C1iH1206 312 268~269 21, 800 Blue
AFG, C17H120¢ 328 244~246 16, 100 Green
AFM1 C11H1201 328 299 19, 000 Blue

0 0]
#H R FE
BWH R EE E

OCH3

Afigtoxin By R=H
Aflatoxin M, R=0H

OCH3

Afiatoxin G,
Fig. 1. ‘Structures of aflatoxin By, Gy and M.

wski et al., 1971; Van Rensburg ei al., 1974).

Rensburgs EIEA A 4004339 A F 10640
e 4 SE FENoR BEste, HIdAE 129
29 A7t (1969) FEERM2 Rasz AR
A% 80 %7t A ol2A AFdAE ARA
o ks 24 Ao H3 3z

ABE HEA 200058055 |k - B BRES
ARz i Aoz 4HA BEHAA dE R
%} (Bahk ef al., 1983).

#1% saponino|l A. parasiticus®] #HEH 2 aflatoxin
EES A WET A= Bahks Marth(1983)
74 ez geovt A flavase]l A A A ®BED A}
gl et

EEE H12 saponing o) 43l A flavusd] BE
2 aflatoxint) Ao vlA & A F& FHnA @t

2 magol 449 Btk nF %74 4sk Northern
Regional Research Centerell A 2% Aspergillus flav-
us NRRL 335724 aflatoxin @S0l #eld &k
o] o},

PEEfkS] BE 9 aflatoxin HEo] BEHEMHE ¥
9% F 1 AxdY HEE FA3 9 B
BE AEdtdon gihe EHRe Table 119 74
(Shibata, 1977).

#FE Mo g2
- E%ol A89 ¥ Axde Fig 29 2 Fike

C2 F2agh

2 ke 5989 80 % ethanol (80°C)E 347
e 28 F2A7 G d3sted 2 98 BHEHKE
7 g BEYd F 5EES MY vE84E gE
o} o] %892 ethyl ether® RIEAZ F 34 K@
< Kgaf butanolz F 2319, HAZ 1L butanol F
o2 oY A7z kM RFE BRE Adtdq &
3 KEEd ohE AAA RS HFRRY H saponing
9 94t} (Choi et al., 1981).

#E A2 570 £ AA RED 5ol A2
d &80 0.3%, 0.1%, 0.05%7 =% A7+

¥ 2 BF Aw

Table II. Composition of the enriched medium

2

(per liter).
Glucose 60 g Fe;(800)3-6H,O 10 mg
(NH4)2804 4 g CUSO4'5H20 0.3 mg
KH,PO, 10g MnSO,+H;0O 0.11 mg
MgSO,-7H0 2g ZnSO7H,O - 17.6 mg

Na;BsO+10H:O0 0.7 mg 2 % of yeast extract
(NHp)eMo070s4+ 0.5 mg pH was adjusted to 5. 5 with
4H0 1 N NaOH
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RED _ GINSENG

, extd. with 80% EtOH
at 80°c for 3hrsx 2

EXTRACT
extd. with Et,0

2
I 1

ETHER LAYER AQUEOUS LAYER

extd., with n-BuOH

satrd. with HZO

BUTANOL LAYER AQUEOUS LAYER

washed with HZO

BUTANOL LAYER AJUEOUS LAYER

eyapd. in vacuum
| at 50°c

CRUDE SAPONIN

Fig. 2. Flow sheet for extraction of crude saponin
from red ginseng. '

Mycological agarol fR7F= HHEE 234 Z2F HH
{LA7] ¥ mycological agar (Difcofl) WA & o] &3}
o 28°Col Al 7HE H#Esld BRE BTFE RER
0.1% Tween 80 &%l Sl (Bahk ez al,
1983).

LrEWRTF 4+ plate count method (pouring)® ¢}
S35tk 125 mle} Erlenmeyer flaske] 28 mlo] broth
9} #1% A®d 1ml =8 =z 10° conidia(Sharma et al.,
1980)7F %% 0.1 % Tween 80 suspensiong 1ml
Yol A 28°Ce] IEH7(Bennett et al., 1981)dl A 747
R

Ewel pH R HEl E AE

B9l pHE pH meter (Model 10, Corning Scientific
Instruments, Corning, New York)E Atg3lgon] o]
= mycelia mat o} J§S st pH FA) o] £H
et

MYCELIA & LIQUID MEDIUM

filtd. with Whatman No. 1
through modified Biichner funmel

1
LIQUID LAYER MYCELIA & FILTER PAPER
=270 LATER —lf s e A

washed with Water
dried at 45°c for 48hrs
collted in desiccaor

DRY MASS_

Fig. 3. Procedure for preparation of mycelial dry
weight.

A flavus] BEL S4st7] 8 REEBRER
(Fig. 3)& °] &3t

Whatman No. 1 3% (4% 12.5cm)E modified
Biichner funnel(Yousef et al., 1980)¢] =AF A7 F
125 ml Erlenmeyer flaskel] %33 myceliadl BEHE
A3 g smlA RS FF4uA K flasks) mye-
eliag 2~38 AH& ¥ o} £ Bichner funneld] A
23} slo] 50°Co] A 244 7+ B A 7] desiceatoro] 24
A7 HpEel %€ festd] BEASE EESR
t} (Shibata, 1977).

Aflatoxine| i & R

Aflatoxin #iH & Fig. 49 JFikst 2ol BHERE
A4 FHE o AA L B A E 40 mld) chlo-
roformo 24 % aflatoxing BHEAN = 2 £3=
A% modified Biichner funneld % 3A# separate
funneld] #3&xz 2 WELEE 28T 4 BTE H%
&&sle} chloroform phase® round bottom flaske] 4
As 9+,

4A F2& 59 fo 2L Wyer 23 uUE
#2231l round bottom flaske] A= 120 mle] 2
% vacuum evaporator (Model R110, Biichi, Switzerl-
and) 24 chloroform& HBEAZNF F& filme meth-
anole] 23] A7 volumetric flask (25, 50, 100 mD)¢] &
7 Egol EM3 ok (Shibata, 1977; Stubblefield e
al., 1977).

CULTURE MEDIUM

£41td. through modified Bichmer
funnel washed with water & chlorform

LIQUID LAYER

shaked for 2 min

colltd, 4n round bottom f£lask
repeat 2 times

WATER PHASE CHLOPOFORM PHASE

evapd. in vacunm

i
DRY FILM

dissolved in methanol
transfed involumetric
1 flask

PREPARATION

AFT determin, w/HPLC
I'luorscence detector{M. 440}
Column: x - Bondapak Cj o

Elut. solvent: acetonitrile/water
(35+65, v/v)

Water Asso. Milford, MA
Fig. 4. Procedure for preparation of aflatoxin extra
ction and aflatoxin determination,
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Maximum aflatoxin accumulation F#

K=
Maximum growth  the mold{g)

-

4.37 Aflatoxin G\

1 Aflatoxin I3,
JUN. 15,1984 15:23:35 CHART 2.89 CM/MIN
RUN #8 CALC #¢
COLIWMN SOLUENT OPR 10 §
EXTERNAL STANOARO QUANTITATION
PEAK # AMOUNT RT  EXP RT  AREA RF
4, 59099 0, 03 459 L - 4 J000NED
7, 12166 v, 9% 7121 L UAYOD0OER
117, 79560 1,57 17785 F U BA00O0ED
134, 2639 1, 68 134263 ¥ PDUBIUIED
33, 12700 . 4, 37 334127 L G4uDonmen
07,2938 6. 11 07293 L DDUPULED
TOTAL 13¢5, 18899
Pig. 5. HPLC external standards for aflatoxin B,
and Gl.

“Aflatoxin®] EEE BEKHE 2228 9E ¢ o
43tglom o= A83 HPLC(Waters Associates,
Milford, MA)X absorbance detector(model 440)%}
data module(model 730)& o] 3t EE3lg o, o
o A48 column& 4 columgl p-Bondapak Cis0l
91} (Shibata, 1977; Yousef ef. al., 1983).

BEHHLC R acetonitrile/water 35+65, v/v)& A+
L83, aflatoxin EHEFKL Sigma HMHELT AL31d
Fig. 59 7o} retention times} peak areaS ¢1¢] reg-
ression equations} 2% A}

Afiatoxin (% IS

A. flavus®] aflatoxin %3 BHE HES] 98
23 AR EERBE HES T Fig 59 72
Browns} Vass®] K& o439 58S AR (Yousef

et. al., 1983).
EFKE

A. flavus®) $ES WEd wREME Fig 69 #
ol wlel 2% SDS, 10% sucrose, 5 % 2-mercapto-
ethanolg 47438 0.0625M Tris/HCl buffer (pH 6. 8)
£ 5l (w/v) ¥z fie] 29kt o] A& 2500 rpme
= 53EY¢ 4¥AA2 ¥ 2 EB¥E Whatman
No. 1937 2 o33t 0.002 % bromophenol blue&-
e BS Be 24 902%¢ F3sld A5z 4
g9

Dry mass of A. flavus

0.0625M Tris/HCl buffer(pH 6.8, 5 w/v)
contained 2 % SDS, 10 % sucrose,
5 9% 2-mercaptoethanol.

Ground in mortar dish
Centrifd. 500 rpm for 5 min.
Filtd. with Whatman No. 1 -

Soln. filtd

Added bromophenol blue
Boil in water bath for 1/2 min.

Sample

Molecular weight marker (Sigma)

Lysozyme 14, 300 dalton
B-Lactoglobulin 18, 400 dalton
Trypsinogen 24,000 daston

45,000 dalton
Bovine albumin 66, 000 dalton
Use: Vertical slab gel apparatus(LKB)
Discontinuous buffer system; Laemmli method
(1970) .
10 % SDS/polyacrylamide gel, 100 V 3h at 4°C
Stained with Coomassie Brilliant Blue R250
(Sigma)
Densitometer (DMU-33 C, Toyo)
density range 2.0, 570 nm

Egg albumin

Fig. 6. Procedure and method for electrophoresis.

Molecular weight marker® 4 lyéozyme (14, 300 dal-
ton), B-lactoglobulin (18, 400 dalton), trypsinogen (24,
000 dalton), egg albumin (45,000 dalton), bovine
albumin (66,000 dalton) (Sigma B&)& o £33l e
o o] B¢ A8 W o] AA st gAY

BEHIE kite vertical slab gel apparatus (model
2001 LKB, Sweden)® Ag43l@om Laemmli ik
(Laemmli, 1970)%] ¢]3}e] discontinuous buffer sys-
tem< o] 89 gele SDS/polyacrylamide s A}.ég-%]-
%ok

BRLEIL 100V (power supply; model 2003, LKB)
2 3A7bEe 4°Col A 78z 2 A EHY Had
coomassie brilliant blue (R 250, Sigma)z 3} %},

Hutn g gel? densitometer (DMU-33C Toyo; Japan)
o] 4 density range 1.5, #% 570 nmE. scannings}
Aot

BR Y ER

Eiflel BE 2 ol pH Bk
EbEEshel A FE A2 g Bt 30°C)A 78

— 152 —



f1g Ahzd

Park, Bahk and Song: Red Ginseng on Aflatoxin Production

il 8RS A flavus?] BEL Fig. 73 2.

sl A HWEREL MRS

A e s ¥ #BFe Az A% Axd 0.3%
HmFA A BE 53 Az

A. flavuse] FE

o &% He pHE Fig. 8%

Zeow At oz HE 4949 pHE HA K% o

B3, o] 5dA FEHE thHA
B E Bl HEMEGE A
1.2

1.0 |

0.8 -

MYCELIAL DRY WEIGHT (G)

Fsstel Ad 57
ek 23

06

04 |

1 L 1

1 2 3 4 5
INCUBATION PERIOD (DAY}

Fig. 7. Mycelial dry weight (g/30 ml of medium)

of A. flavus NRRL 3357 grown at 30°C when
the medium contained various concentration
of red ginseng saponin and was inoculated
with 10® conidia. The concentrations of the
saponin are 0.3 % (x—x), 0.1%({O-0D,
0.05% (A—A) and control (O—0O).

containing red ginseng saponin.

Bahks Marth®] #3c(Bahk et al., 1983)dl4 vehd
2 Axd 0.36% HFinite & BRIE 20
HED pHY #tr i Asts 49d A& v
B 2 g5t

Aflatoxin®| &&

Aflatoxin®E=ERE 1S A, flavas’t 733 F234
aflatoxinE s §43 F/4stz FELEfldl =254 &
243 AL E F A%

84 Fig. 9 ¢ Table IIle] 4 9} o] aflatoxin B9
hERS (1% AZY 0.3%9 Hinkgd s %R
BE(1.00%) Bk 30.16 % who] EESU=, 0.1%,
0.05 %ol A% 58.96 %, 72 %% R vA 4

6.0 -
5.0
I
2
W 4
g or
k]
0
X
o,
20+
1 1 1 1 i J
1 2 3 4 5 6

INCUBATION PERIOD (DAY)

Fig. 8. Changes in pH of the medium caused by
growth of A. flavus at 30°C. Symbols are
the same as in the Fig. 7.

Table III. Growth, pH and aflatoxin production by A. flavus NRRL 3357 at 30°C for 7 day in a medium

Dry weight®

Aflatoxin (pg/30 ml of medium)ec

Treatment (2/30 ml) pH of medium® B G
Control 1. 1209, 2.81(4) 494.9 (4) 52.78(4)
Saponin* 1. 07(4) 3.08(5) 149. 28(5) 3.76(5)
Saponin** 1. 10(4) 2.97(4) 291.78(4) 3. 11¢4)
Saponin*** 1. 11(® 2.9 (4) 356. 33(4) 9.12(4)

@ Maximum dry weight during growth of the mold.
b Minimum pH of the medium.

¢ Maximum aflatoxin accumulated. 4The numbers in parentheses indicate the day of incubation for max,
mycelial dry weight, min. pH of the medium or max. aflatoxin accumulated.

* (.3 % of saponin contained in the medim.
** (), 1 % of saponin contained.
*H% (05 % of saponin contained.
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. Table IV. Ability for aflatoxin production by A. flavus NRRL 3357 in the medium containing red ginseng

sapopin.
. Index for maximum aflatoxin production
reatment ‘
B; % of control Gy % of control

Control 447. 875 100. 00 47.121 100. 00
Saponin* 139.51 31.57 3.513 2.12
Saponin™** 265. 25 60. 03 ’ 2.827 6.0
Saponin**#¥ 345. 947 78.29 8.85 18.78

* indicates 0.3 % of saponin contained in the medium.

** indicates 0.1 % of saponin.
**% indicates 0.05 % of saponin.

500
w00 b
300

200}

AFLATOXIN Bi (ug)

100 |

1

INCUBATION PERIOD (DAY}

Fig. 9. Aflatoxin By (pg/30 ml of medium) accumu-
lated by A. flavus at 30°C when the medium
contained various concentrations of red gins-
eng saponin and was inoculated with 108
condia. Symbols are the same as in the Fig. 7.

P gl
SO’T- R4 \\\
¢ \~
!
) A
~ 40 F 1
o ]
5 :
G 0t |
E :'
X 20 !
gor ;
d [
< 10} ’;d
4
rd
- - 3
1 2 3 [ 5
INCUBATION = PERIOD (DAY}

Fig. 10. Aflatoxin Gy (¢g/30 ml of medium) accumul-
ated by A, flavus at 30°C. Symbols are the

same as in Fig. 7,

EdozA IE Axdo] aflatoxin B, £ES AH
Fa e 4 T A
Fig. 10 € Table IIlo] A] aflatoxin G; EEL LB
whnkgiot BB vl8 0.3% dndAE 7.12 %,
22 0.1%, 0.05% @RinsEdol A aflatoxin HE-S
AAA A7 Aoz veygd.
Aflatoxin &% ¥
Aflatoxin EER BB BFAZE TEY A
7} 9o o2 Brown? Vass modelo] o3te] BARE
fEiol 3 &Kk aflatoxin FHARE WES] T8 48
B Table IVe v} RE I8 AL HinkEist
Tl AA glo] aflatoxin LERESC] BBl w1
A Bz 1FE Axd 0.3% HinEs aflatoxin B,
o] B 1/3 AEQ 31.75 %, aflatoxin Gio] B
el 1/50 AEQ 2.12 %24 WHHEREE vehidde
B, 1% A2 0.1%, 0.0 %= BEHE]E $2

_aflatoxin Biol 60.03 %, 78.29 %, aflatoxin Gio| 6.0

%, 18.78 %2 aflatoxin Gi& A9 H£R=A gt
W chE o

A flavese] Hifg A SW-g vazsy] A& B
Bt BRSO A4 B 4494 Bl J¥ B
AoEE AAS A5 Fig 115+ 244+

% Atxdel $5d Zabd el dutd ez ¥
A el e peak g2 B4 <k 66,000 dalton o
40, 000 daltono} ¢ o} F-A#o] < 24,000 dalton ©
ste] A g el AAFL 4 F sk oA
Ao & A vl 2 AR A 3ol
GA%E 4 F Uk 2= T A2 HEinsie]
A BED EREc AXd GnsEs FAESE 28
2l g B2 14, 000~66, 000 daltonse] A] = intensity
A AazErd 2 vebges oA o ¥29 7

—
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a 1
°r af 0§ <[
I~ Mw. K.dalton P € — e
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- i A
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Fig. 11. The protein patterns of A. flavus grown at
30°C when the medium contained various
concentrations of red ginseng saponin. Con-
centrations are 0. 3 % (c), 0. 05 % (d), control
(b) and marker(a).

WA el MHMAIAAY FAo B T A

B =

A. flavus NRRL 33579] 35 BBl aflatoxin
i HH fEEE Hoste IE Azde Hmmd
HEduol A vl R BRRS BHE A aflatoxin EEEEHS
z A8l

Aflatoxin A #& HPLCEZ o] &3ty = HERETe
TR WTEA gl ARG, AE Azd
Winshiel A BERES HEHES 2 207 99w
Wik 4dA o) AN w&L ek Aflatoxin G
RBHE % A2 Find A aflatoxin B3} Gyo
22 WY 31.6 %, 2.12 %% HEEES ey
A=t

HEREE 9 sFHLEd AT B
o A5 Aol & Mot HEBE G
BRIXES SDS/polyacrylamide gele o] £3}4 o o
L Ard Fnismel  #Ee g e
intensity+ BBFHR I 34 Vel

A flaves FEEEN AL vlwd $e ZAge sxn

e A
A Vhebytet

T A 5o Aol Botrh. wheba K saponin in
vitro o) A aflatoxin B; ¥ G19] HRET KEMo
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