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ABSTRACT — This study was conducted to determine the potential of grapefruit seed extract
to support Aspergillus parasilicus growth and aflatoxin production. The grapefruit seed extract
inhibited the growth and aflatoxin production of the fungi in the level of more than 4,000 ppm
and 3,000 ppm in the medium, respectively. Grapefruit seed extract appears to block the conver-
sion of acetate, averufin and versiconal acetate into aflatoxin in vitro experiments. The addition
of grapefruit seed extract to the feeding experiment systems did not inhibit the incorporation
of “C-labeled versicolorin A, versicolorin A hemiacetal and sterigmatocystin into aflatoxin. In
the electron microscopic examination the biocidal action of grapefruit seed extract was related
to the disturbance of cell menbrane funtion, inhibiting cellular respiration.
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= 548k 28 FL Ao gt B 5 ok

19700 Frtell= Fdoteld AR TSR
4 DT AE Foll 200~300 ppb2] aflatoxine] £
H o g deA FFA e sHEALR ] g
AA 7722 aflatoxin®] 3]4-2%-2 100 ppbE A A
7% st 19810l A28 & 27
7HEAFoll Al aflatoxine] ZHE=e] wER AbZo]
AR e stdch 22 A $PL AN
AiEle wAEe #, S, HE, 97, dF
Aree} 7HHeM AT HFAEZRE A A
59 1.3%7} aflatoxinJ A Foll 2= 9122 &
Q13 Enzyme-linked immunosorbent assay
(ELISA)Y & o] &3} aflatoxing A%+ A}, %
9] 7 A8 46%7), Hele] A 34%7)
aflatoxin B,ol| £d5 o] ity R s}eic) o}&8,
o] AgAzloN BAZelAE 33~7.5ppb, B
Al 8o A= 3.6~9.6 ppbe] aflatoxin B,o] §-f-=lol
e Aoz vept ZEAP4 F A F aflatoxined]
245 slg 7hsAE M-8 F3 9ok

FARE @ 2 7FEAE ) aflatoxin %-2] mycoto-
xin®] £45E A& WAshs v $AHeR
mycotoxin fungi® 88 JAlshe dolw oA
B4 24, gAY AME F xdg #3hal
e i3k e B olfoB vhesiy, ¥
AR Hah dREEe] 21 APHAAS A9
F3 it} Ze olehzhe AL i ¥-¥- aflato-
xin AAFF wFY Fo Agrix] FFFold
A8 Artste] F30)9 A| ¥ aflatoxin A A
A arE A2 FEE B AFEGA 7=t
2E T2 AW A £ o) uheha,
B A2k olv] Bug AFAHIN M Penicillium
islandicum 2] mycotoxin(skyrin) AL A=
Grapefruit £AF5=%E{(Grapefruit seed extract : ]
3} GFSEZ A3H< aflatoxin Y AFF2) Aspergillus
parasiticus ] viFA o] Fe]sle] FHolo] A& Y
aflatoxin QA A HAEHE 2A}8ledc)
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Fig. 1. Photographs of Aspergillus parasiticus selected
on the culture medium.
A: Conidiophore and conidia, B: Conidia

Brod Apg-3}g] ot

AR E T U HIX| - & A A ALE- 5 A5 Asper-
gillus  parasiticus(Fig. 1) potato dextrose agar
Abdul R ol A 30T, 5UZF wigsle EAE A 3
Ag wiokFAlel 0.01% sodium sulfate 7}sbi
et A PojAl QX3S Reddy”d) F7)3ul
Ao HEsled, 30TCZ A=A e ek
o 4] 200 rpm®] &% 8 @HESHHA 3U7E el st
g}t F%o] FAl€ cheese clothitollA] wA B2
3 A Fst 229 sucose phosphate buffer(pH
7.2)4-9<40) edzltlr} Biichner funneld A}4-31e]
Whatman No.2 o#}z]atel] oJa} Azgh F 4
FAIA EAsta, AEE FAREER o] 85k

GFSES| X2| ¥ HEo|e| MEARE T} 4JE —Re-
ddy2] F7]gux]el| GFSE F=7} 0(Hz=7), 500,
1,000, 2,000, 3,000, 4,000 ¥ 5,000 ppm=E =, F
%243 GFSEE #7istz 7ishidd o8, 9%
B3 Fol| Ul Aspergillus parasiticus WW¥FA 5
g& #A7rste] 30 TAlA 7UFY 200 rpme) HE B
Aedafoksty, wjd#F XS Whatman No. 12 3¢
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Fig. 2. Densitogram of radioactive peaks of prepara-
tory '“C-versicolorin A and “C-versicolorin A
hemiacetal plotted by a Packard A 7221 Ra-
dioactivity scanner. Reference versicolorin A
(VA) and versicolorin A hemiacetal(VAOH)
were cospotted with the sample.

O: Origin, F: Front

sled B0 CollA 4847t Azl FAFHE A
g3t FAlel, wheFdFol AME aflatoxin FEFE
ELISAY®o|| 2jslo] Aekste] GFSE Azlof 2%
Fgole] 4% H aflatoxin Aol v AHA A
g ZApslAT
'4C-Labeled precursors®| Z=H|-—-“C-labeled ave-
rufin, versiconal acetate, versicolorin A % sterig-
matocystine Lin $2] ¥b4” 2 Hsiehe] ®¢l
o2} “C-sodium acetate(0.4 mmol; 1 miCi/mol)&
7142 3 FYAPA, Y- sk, “C-versi-
colorin A hemiacetal C-versicolorin AE dio-
xane-acetic acid(4 : 1) ¥ plantinum v} &z} 5}e]
A Aol A 12417 whgAlA gHAd sk} “C-Ver-
sicolorin A®} “C-versicolorin A hemiacetal-2 pre-
coated silica gel-60 plate(Sigma Chemical Com-
pany, St. Louis, MO, USA)E AF&3&led he-
xane-acetone-ethyl ether(70 : 30 : 20, v/v/v . HAE
solvent system), benzene-acetic acid(95 : 5, v/v)
% chloroform-acetone-isopropanol(85 : 15 : 2.5, v/
v/v . CAI solvent system) £ejAollA FHMNAF+=
thin-layer chromatography¥j o2 A Al&p20
Y] 2E YC.abeled precursorsi= Hsieh® o2
A st}

F.E precursors?] %3 = 33 E39 ch-

romatography®¥] % UV-spectrum ¥®|® Fo=
gql, FAsle] Apa-3lsch o]9) - uiel o3
4] versicolorin AZHE] ZAF versicolorin A he-
miacetal & Packard A 7221 Radioactivity scanners|
Aoy Pdojll radioactive peakst Fig. 29} zsir}.
GFSEX{2loil 2|3t FZHHAMMES| aflatoxin2 29|
FUANE T A - A3 o2 2H 3 “Cqla-
beled precursors”} aflatoxine. 2 FHE A3
Hsieh®] uby®of uje}, F-ai F2)7] AE wf=]o]
1/ 162g9] Txdg FF A E AH4-3tsdch
Z, 50ml Abzb ZeksFel wix] 10 miE 93, afla-
toxin A gAlel] v)x= GFSEY M) axHE A8
7] $18ted, GFSE®] %7} 2,000 ppm2] Fx7}+ =
%E GFSE £9<& 7} flaskell r}slz, djz+24
JAekS precursorst 7R FAE FRF
flaske} #Halste] 30 TAAlA 72217 F<F 150 rpmY]
2 zshosigdnh FUAYE EHoz Qor
wj ko8- acetone} chloroformo & whE F&
tz Aol itstdzste dAHES £§
25 zAsgch FUAREL chloroform Ev
acetone 0. thA] S-al4)A HAE &vi#le} CAI &
v} A £ precoated silica gel-60 plate(Sigma Chemi-
cal Company, St. Louis, MO US.A)A A 2314
thin layer chromatography(TLC)®joll &}3}ed 2],
FZ gk iAbAdn A g “C-aflatoxin® thin-
layer chromatogram-& s<JWe] 15m!/ scintitlation
falo] Eof 9l glass vialo]l %7 ¥ Tri-Carb
liquid scintillation spectrometer(Packard Model
2425)% AH8-3t4 radioactivity & A 31{c) o] of
aflatoxin©. 2.9] Fgu]&-2 of-g3} #4& FAH o
Jsted AbEEtoch

o e
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Incorporation efficiency(%) =

Radioactivity of incorporated aflatoxin

e X100
Radioactivity of C-labeled precursors

added to medium

HXign|Z® 0|88 BHO| HMEYHE] 3} —afla-
toxing AA sl Aspergillus parasiticusol| i+
GFSE€] g#7])2h& A7) 913te, ob-g3t 7he
A0 A upgl- g o) g3} F, AT
£ potato dextrose agar Wj=|ol|A] 48A]7HE<t wj
& oh5, i FdFe] d5-F GFSE 500 =+ 1,000
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ppm-&-lof 30E7 Az AHe]sly AAEe]dte]
A g FA|FFEE Belg &, 25% glutaral-
dehyde§-2§(1~4C, pH 7~74)°ll4 2~42]7H53k
et A8 1~2% osmium tetroxide£-<4(1~4
T, pH 7~74)oll4 308 ¥ EZo Fn
o5& LA AZ ) o]ef X phosphate buffer(0.2 M,
pH 7.0)2 Alet- =45t & vlF-2)3 o}F, 50
% ethanol®} - ethanol® Ao 2084 =
elslo] wh=stolc). ohA] propylene oxide 2 307t
23] Helste] A&sh= z2lE ¥ ¥, Eponstihs
()4 : Epon 812, 74314 : DDSA-MNA, 714
: DMP-30)3} acetone}e] £¢w}E 3:7,5.5, 7
:3 Ei= 100%-Epon EFEZ Zbzt 141704 A2
slo] FofA|Zc) Eol® A FEE 37 C Electron Mi-
croscope(EM) ovendll 4] 124]7} 45°C EM ovenell
4 12217k 60C EM ovenell 4] 48A|7F, & 724]7}F
4238t LKB-V# ultramicrotome2 2 0.5~2.0
umF7# 2] Semithin sectiong- 2%} F, toluidine
blue2 M3} A FAHF FFo] E2xHco-
nidiospore)9H-S- t}4], ultrathin section(60~90 nm)
22 ubAd o, FEEn| o P AT HE
galatgdet FUdE Fejoll4] 2MAHHAL A 2t
copper grid(200 mesh)ol] 42417 o}-§, 1% uran-
yle acetate®} lead citrate® A}£38ted double
stain®. 2 g3l F3pA 3w Z(Hitachi H-600
Transmission Electon Microscope) % 7 7 3}sic}.
olu, 500 =& 1,000 ppme] F=2 3|43 GFSE
Lo 2 FTGol £AE, GFSES-H o) 22|
B 2T FHo|xx}e} 1 e S vt
GFSE4-ofo] Fo] ZE7x % A 7|5 3t
)X g FAE 7 FgaAE-S ZASKCh

Az 9 @

GFSEX 2| 2|3t 4] 3 aflatoxin AHEM x|
—GFSEx 2ol 9% v 482 48§ ¢ aflatoxiny
Aol mAE AHEAAE 2487l ¢ste] aflato-
xing AP Aspergillus parasiticusT A vl
Holl GFSEx%=7} O(thz37), 500, 1,000, 2,000, 3,
000, 4,000 % 5,000 ppm= ==, GFSEE Reddy
9 F714ul Ao Arishar, 30 CellA] 7dF<k 200
rpme] £52 woksla, wioko}FEe] aflatoxiniek

Table 1. Inhibitory effects of grapefruit seed extract
on growth and aflatoxin production in the
Reddy’s medium by Aspergillus parastiticus
after 7 days at 30°C

GFSE Mycelial weight Aflatoxin production
concen-
tration Weight Inhibition Content Inhibition
(ppm) @ (%) (ppm) (%)
12.5 0 15.7 0
500 8.7 304 11.2 287
1,000 6.6 472 6.6 58.0
2,000 3.8 69.6 34 78.3
3,000 29 76.8 0.0 100.0
4,000 1.0 92.0 0.0 100.0
5,000 0.0 100.0 0.0 100.0

& Akt FAld, dAE gt FASEHS
x5k Ash= Table 13 79tk

Z, GFSE 4,000 ppm 5X.2 Aspergillus parasiti-
cus® A 92% A& e, 5000 ppm FE
AME FFole] AS5E HA3] Azt =,
2,000 ppm FXoA aflatoxin®] AAe] 783% A
=3, 3,000 ppm ©]4+e] GFSE Fx-&ofellx
aflatoxin®] Aol kA3 AAFHAG wehA,
GFSE+ dAFT o)ite] FxollA Aspergillus pa-
rasiticus2] A& W FFole] £4A3E aflatoxin®]
e BypHo R AstE o4 5 Uk oA
Aguiar 5'9o] grafruit $A5%E-% 5000 ppm ¥
EolAk Mgt whR| ol A 3E2) Aspergillus flavus )
Ago] A A= aflatoxinA F/do] kA3] A
A=t Aol AR o g el
Aflatoxin@ £9| FQIH|F 2}— ¥“C-labeled precur-
sor7} aflatoxine & A #=+= 7]7tel] v]x|= GFSE
9} Ashaz 43S GFSE 3% 2,000 ppmeil A A
%38 npo} e 2702 wh3-A|A Table 29} 2
A:Z dgick Table29] = 2,000 ppm4]
GFSE~7} sodium acetate, averufin, versiconal ace-
tate, versicolorin A hemiacetal 3! sterigmatocys-
tine] aflatoxino. g F=H+edl viAe MHEaHE
o3 Qlrh

GFSEe°] #2|=A] k& wjj kel Lol 22} “C-labe-
led precursor 2.7} aflatoxin® 2 F4 5= AAE
BojFglon, ol B A AN #57}
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Table 2. Incorporation of "“C-labeled sodium acetate,
averufin, versiconal acetate, versicolorin A
hemiacetal and sterigmatocystin into aflato-
xin by Aspergillus parasiticus in the level of
2,000 ppm of grapefruit seed extract

Incorporated aflatoxin

Precursor* Radioactivity Incorporation
(X10*dpm) efficiency(%)
Sodium acetate 24.0 1.2
Sodium acetate + GFSE NR® 0
Averufin 9.0 250
Averufin+ GFSE NR 0
Vericonal acetate 144 57.6
Versiconal acetate+GFSE NR 0
Versicolorin A 20.0 62.5
Versicolorin A+ GFSE 12.5 39.1
Versicolorin A hemiacetal 19.7 704
Versicolorin A
hemiacetal + GFSE 20.1 718
Sterigmatocystin 18.2 72.8
Sterigmatocystin+ GFSE 15.9 70.9

*Amount of “C-labeled precursors added to the me-
dium: sodium acetate 20 umol(1.0 X 10° dpm/pumol),
averufin 1.5 ymol(2.4 X 10° dpm/umol), versiconal ace-
tate 1.25 pmol(2.0X 10° dpm/umol), versicolorin A he-
miacetal 2.0 pmol(1.4X 10° dpm/umol), versicolorin A
1.0 pmol(3.2X 10° dpm/pmol) and sterigmatocystin 0.5
umol(4.5 X 10° dpm/umol)

®NR: No radioactivity

“Incorporation efficiency(%)

Radioactivity of incorporated aflatoxin

Radioactivity of *C-labeled precursors
added to medium

100

A aflatoxin A $HL 7T glee #
A} 511 givh. GFSE+ “C-labeled sodium acetate,
averufin, versiconal acetate®] aflatoxin®. 22| A
#uk-g-& hAls) Aajsied et versicolorin, versi-
colorin A hemiacetal, sterigmatocystin® aflatoxin
o2 A FlFbole A JIFL v)xR Eae=
2o 2 vepylr)

Aflatoxin B,9] WA AZE acetated: ZutE

A2 norsolorinic acid — averufin — versiconal
acetate — versicolorin A — sterigmatocystin — af-
latoxin B¢} -2 334-& Ak Hsiehd 9+

19

Fig. 3. Transmission electron micrographs of vesicle
attaching conidia of Aspergillus parasiticus(A)
and that of the microorganism treated with
500 ppm of grapefruit seed extract(B).
(magnification: X 6,000)

REESS7L 9l& F, versicolorin A hemiacetalo] af-
latoxin AP ARF FUNAEolel: RS
H|QHe~ o] tf st A B %) =ke} Anderson®-L- ve-
rsicolorin A hemiacetalol| 4 versicolorin AZ.9) #
#rkg3} e, versicolorin A hemiacetal & versi-
colorin C2 Z3bsx dihydrosterigmatocysting
714 aflatoxin B2 MFAEE H2e wig uf
sl

oleidt g W2 E zs 2 o, GFSEx af-
latoxin A3H4 7 E23F versiconal acetate E 33t
Lol ] FHAMHE o] HhE 7o) &= Eiwk
SAE Malshe Fgolo) P83} o}-ga), aflatoxin
A A2E Adshs oz ogae 4 gk
S0 EX|2| HEWE S GFSEX =]~} aflatoxin A}
AT A8 nxe AFL zAsl] 9sio
500 ppm®| F%=& GFSEE Aelgh e 2o
A3 vesicle)oll 2HAFF EAHE A=}, conidia)e] A
ETFEE V- HEY A= Fig 33 o) =g
GFSE z2]el o] 2A=}e) ezt s nata)y)
#ete] T ] ¥ GFSEFEE Aot Laig
A7 &S o] B4y MA#n] A Alae Fig
49} e} Z, aflatoxing B3 3H= Aspergillus pa-
rasiticus®] WK E2kQ) conidiad HETZ7}
GFSEx 2ol ofste] Expgdefr ohe}, ZalpA
HE-Ee fAR Qdstod Aaaal wolr]o] ol
AL YAedo X ExpFAle] mujEe] F
FolE AtdA &3} FAlol, aflatoxin A T
Aol Aile] FuEe AHE zdsks oz
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Fig. 4. Transmission electron micrographs of a con-
diospore of aflatoxin-producing Aspergillus pa-
rasiticus(A) and that of the microorganism
treated with 1,0000 ppm of grapefruit seed ex-
tract(B).

(magnification: X 30,000)

viebytet.

GFSEL w4 Ze] AZotaeliigas obsia]
713 MEe ZE2AEE At v]YE] Y8E
A& s FF7)12He 243 Qe o By

o] glth® GFSEe|+ ascorbic acid®} g7, biofla-
vonoide] narigine] F8AE o2 FHE gz,
53] narigind 558484 s3] U vAE
Bulas) Axe 75l s Fo FEALE
sl AAEoE g8A doh

2E, o|9le A7 Aw= in vitro MYl EF
QA HelAdd 2AE £ $RYLelER
GFSE®] z2H4-7]2Hs #3l7] e £ o A
33tde)z, A=n|dEe] A R FRd J4HE
¥ dA77F Aldseleld e Aoy, & A7
A g vjFe], GFSEXd& 48 Ax7 725
WYalA Az 7go] L4 w2 v AELS
9 HFEHE =2 5 Uk

#Ae 2

E d7e 19913 AEA shedy
A el 3] FHY At AFEA old] &
e =gy

2eR%t

g W g spRAEL S3A A LR 7)7EEl Aspergillus parasiticus’t £ GF o] aflatoxing A= A&
uhR) g 22 0 2 A)gul Ao grapefruit £2F22E(GFSE)S j2lste] Fo]9) A8 ¥ aflatoxin P& A st FRY
ENE B2Y 4 9ok 4,000 ppme] GFSEEX 2|2 Aspergillus parasiticus®) 5% 92% A s5h91.27, 5,000 ppm
ECdAe FPo] WKL A3 AHssidw 3,000ppm oA FEo|A aflatoxing] A4S 100% dAstc) ¥,
GFSEx o] ¢]3}e aflatoxin A 3H4 723, averufin, versiconal acetate 52 F7 iAlabEo] aflatoxin® 2 F{is+=
Ao 2hAs) A% uwhm versicolorin A, versicolorin A hemiacetal, sterigmatocystin 5 aflatoxin>2 A=+ A&
BoiFo] GFSEL: versiconal acetated E3H3F 2 o]A 9 F2hfAlEe] Hbgr|Ae] He AEAE AHdlsle Ao
Yehdty, AxEn AL o]43 FRelA o A YW= GFSEA e ojste Al2wr]Fel sso] ALY
WE-EBo| frAEE Fjolst APHET aflatoxin A 713te] FsEE AFE 2 AR Jebdh
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