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Survey and Control of the Occurrence of Mycotoxins from
Postharvest Cereals
1. Mycotoxins Produced by Penicillium Isolates from Corn and Wheat
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ABSTRACT: A total of 26 and 55 isolates of fungi were isolated from corn and wheat samples
collected from different markets in Korea, respectively. The number of Penicillium isolates from corn
and wheat was 9 and 33, respectively. The Penicillium species isolated from corn were P. chrysogenum (3
isolates) and P. oxalicum (6 isolates), and from wheat were P. aurantiogriseum (16 isolates), P. citrinum
(1 isolate), P. commun (4 isolates), P. griseofulvum (1 isolate), P. verrucosum (7 isolates), and P. viridi-
catum (4 isolates). Production of major mycotoxins in the yeast extract sucrose medium cultures of
Penicillium isolates was analysed. Penicillium cultures were extracted with chloroform and purified by
thin-layer chromatography (TLC), and high performance liquid chromatography (HPLC). Among 9
isolates of Penicillium from corn, 2 isolates of P, chrysogenum produced patulin, 1 isolate of the fungus
produced patulin and citrinin, 2 isolates of P. oxalicum produced penicillic acid, 4 isolates produced
penicillic acid and griseofulvin. Of the 33 isolates of Penicillium from wheat, 6 isolates of P. auran-
tiogriseum produced patulin, 8 isolates produced penicillic acid, 1 isolate produced patulin and penicillic
acid, 1 isolate of P. citrinum produced citrinin and patulin, 2 isolates of P. commun produced brefeldin
A and patulin, 1 isolate of P. griseofulvum produced brefeldin A, griseofulvin and patulin. Five isolates
of P. verrucosum produced patulin, 1 isolate of the fungus produced penicillic acid, and 3 isolates of P.
viridicatum produced penicillic acid.

Key words : corn, mycotoxins, Penicillium, wheat.

A5 (mycotoxin) & Xdo] AAkske 23} dAiHE
2 AZe oAy T/ F558 Y2t AF7HH] 350
o]F9] zlo] MAksl= 300%] & AF537 By
Hel gl (1), 78 AFELEEL Aspergillus, Penicil-
lium, Fusarium, Alternaria, Claviceps, Phoma, Myrothe-
cium % 52 ARFER 43 A )t}

8 F AAFQ FRAME B3] Penicillium™}t As-
pergillus’t ol B ar=Ele] g) o Alternaria®t Fusarium
2] e.deo] EA7F H71%= oH(4). Penicilliumo] A4ks)
£ AFFAZE citreoviridin, citrinin, patulin, penicillic
acid, rubratoxin 5-°] & &= 9131(3,7-9,22), Asper-
gillus7} AAFsl= HAZ & aflatoxins, ochratoxins,

*Corresponding author.

cyclopiazonic acid F°l f93tc1(12,15,24). ¥4
Alternaria 54 5 7 423z 2122 alternariol, alter-
nariol monomethyl ether, tenuazonic acid 5] 132(11,
21, 23), Fusariwm 5225 trichothecenes, zearalenone,
fumonisins 5-°1 31vH(10, 26, 27).

SAaPAToR 245 FReME o] dEe] #ul3}
AFF7L AEH7 & 3 o)A F/HE A A+
, AL FEAbE doy|Al Hul AdgE4ad) ot
FTEZL o=, v, Ao, A&, = 5 AlA o U
ghol|A] ZlolE 4= qlr}, 1940w U2 o4 WAYEE hH
) (EEERATLE of el 9ljt el 29 Peni-
cilliwm®] 27} hAMEE 2J3F Zo13l 1z, 19400 43
S sl Tiee] AlRAlE 2eE A5 FulET
Z(ATA)E Fusariunrdol A sh= trichothecenesH)

gt o

N



KOREAN J. PLANT PATHOL. Vol. 14, No. 6, 1998 701

)ALl 9]k Aol o, 1960 ol A] AR
w2 AFES(Turkey X disease) Aspergillus
flavus?} AAYSHE aflatoxined] &3 Ao A gt
(28). %2 Yt M= 19639 Fusarium graminearum
o o8 WFe BoFgo|yo] AlslA LAsL] 40~
80%S) &k 7Aas RS ¥ ohet o] Fell F
dg AF-2 AHEY ARY FEAM AR S5 £
H3ted 2 A3l & 9t UG, 6).

RAFE40] I A5 U FH5A-L v 2A] o=
242 A9 A vehe FA5AH, viwk
AFELE AR50 A5 vehde D854 A3t
o ghs)A]x] ok-e Ao) wksitt. vt A AFEFH
A2EA9] 24, 2872 BA 2 e AAled B3 A
o} 3 HALAE3te] kAol ul2 Eal s 3
Ao 24 FEAeR g3 sl A 7HA
12 o) Ay} AFS4 297 AU Ao ¢y
A Hdx AFELe] S84 et #Ale] A 7
A A =it

YoM e B, &5l 28 TFolA E2F As-
pergillus TFE Ad54 A (13,15), Fusarium
FE2 AFEL A FF Bart )2 (16,17, 20)
Hole B 272 AR 2|7 Alternaria TF
E9 ATES A A3 Bt gJoi(14) S,
Wy 2o 22 Penjcillium F4L @l B A=
zrolx 7] &t

B AFE 53 3 AR whlsle AdEAs 24
o W3t Ao dgow 3 F A U 55U S5
oo} el WA Penicillivm FF5] AdF4 BA
=8 zAbsle] o] & W T} gl

ok
t

ERET

mEd Y Sy AFdAM 55 2 2 A AR
500 g4 5%lA st AT ARES A 1%
sodium hypochloride -&-}o.2 FwiAbFsla ZARHA
Bl =] (PDA)ell 2AFate] 22~28°Coll 4] 4~5U7F wiekdd
F Penicillium®) 54 Veblle 932 A3l PDA
Al A o] A wiekslgt. Eelds B S5k
= Czapek yeast autolysate agar(CYA) wl=](24)° A
Z3to] 25°C 327104 SHAE R 747 MiFE F 4%
o] EAs yeid EAS 2Apslg a2, Pitt(18), Singh
F24)8 F9& Faste] FA s

T, BT AF5E AHTHE AR ¢
3}ed yeast extract sucrose(YES) Al A] ol A ulof3}
g}, YES wix]2] A2 yeast extract 20 g, MgSO, -
5H.0 0.5 g, sucrose 150 g, water 1000 m/, trace metal
solution 1.0 ml Qth(24). AAZ-F242~=(200 mh)l| 50

mie] YES AAulA] S Y1 AFE F PDACIA Aujek
& Penicillium F5% 3%31e] 25°C stadele] wied7]el
] 2547k v oFslsict.

Penicillium EIREA0| S&. Penicillium AF51F5
ER3)7] $)sted s YESHA ]l kgt vk <
chloroform 2.2 3&, ¥23}3 0] < silica gel columnel]
A chloroform®.2 24171 ¥ TLC ¥ HPLC ¥4<
A Alshgdct.

TLC #Ae] AH2-3r £-ulAl= toluene : ethyl acetate:
90% formic acid(50:49:1, v/v/v)2} chloroform : methyl
alcohol(7: 3, v/v) % benzene : methyl alcohol : acetic
acid(18:1:1, v/v/v)E o435, TLCAAS] Rfgkst
waule-o FEE4l ulwste] FAEIc Citrinin
(CT)& TLC platesoll AubAre] UVEE v]E yellow
fluorescence® vtehp, whulale] UV4E v]FH quen-
ching spot® “}ebt i, brefeldin A(BA)®} patulin(PA)<=
Aulake] Uvgelde dhgo] glovt dapge] Uvas
¥]39 quenching spot® FePstth. Penicillic acid(PeA)
L o} shrel xE3AF] F AupAe] UVEe vl&
A blue fluorescence® vrehta whubake] UVE-E o]
29 quenching spot2-2 WePtor, griseofulvin(GF)
£ = A B4 blue fluorescence® “Febstch.

HPLC #4-& $)5lel= TLCAHY] S4591E F=2
& & jcetonitrile 7Fste] HEaARE FE31A olF
HPLC 24 ol] ARg-8taith. B4 ol ARSRE #4312 Az
2] Phenomenex Ci0]3 o] 84 £ul 2 citrinin #4 el
= 0.25 N phosphoric acid-acetonitrile(5: 5, v/v), gri-
seofulvin® patulin ¥4}ol|l& acetonitrile-water(45:
55, v/v), brefeldin A} penicillic acid ¥4 oll-= aceto-
nitrile-water(60 : 40, v/v)& A3t} Brefeldin A,
citrinin, griseofulvin, patulin, penicillic acid®] Z&<
9ste] Z+7+ 254 nm, 350 nm, 300 nm, 300 nm, 210
nm&] UV detectorg AH8-3}51ct.

FA g EFES4E brefeldin A, cyclopiazonic acid,
patulin, citrinin, citreoviridin, penicillic acid, griseo-
fulvin, penicillin G, rubratoxin B $°]%13 25 SigmaAt

AEE TFoste] ARSIl

Za ¥ ng

244, UM 22I8 BEe BF. S5 % el
A 223 AT Table 13 ot S5ollA< 260
2] AFo] AN L F Penicillium chrysogenum
o] 373, P. oxalicume) 6757} Eal= ). HellA=
B 55759 Aol ¥e|H 5L 2T P. aurantiogri-
seum 165, P. citrinum 105, P. commun 47, P.
griseofulvum 15, P. verrucosum 74, P. viridica-



702 5

Table 1. Number of isolates of fungi from corn and wheat
collected from different markets in Korea

No. of isolates

Fungi
Cormn Wheat

Penicillium spp.

P. aurantiogriseum 0 16

P. chrysogenum 3 0

P. citrinum 0 1

P. commun 0 4

P. griseofulvum 0 1

P. oxalicum 6 0

P. verrucosum 0 7

P. viridicatum 0 4
Fusarium spp. 15 2
Alternaria sp. 0 16
Others® 2 4

*Others included Aspergillus spp. and Rhizopus spp.

tum 4057} LRl = A}, Penicilliumd ©]9] o] 2550
A= Fusariumrd] %o) ¥ 1(157F) Lolxe
AlternariaZ} %o Ee]=3 o (1675) 24}l Asper-
gillus$} Rhizopus7} F& W1 2 E2]= ]}

Penicillium 27 =20| S8, FAFFSo| WA=
AdEH2e] TAHE 2lsled YES dAmR) oA slokat
Penicillium w%Fe] 82 chloroform .8 &3 % TLC
45 ¥ 27 Table 29142} o] brefeldin A(BA),
citrinin(CT), griseofulvin(GF), patulin(PA) ¥ peni-

Table 2. Rf values of TLC and HPLC retention time of Pen-
icillium mycotoxins

Toxin® TLC® Rf HPI.JCc retgntion
A B C time (min)
BA 0.12 0.70 0.10 7.28
CT 0.32 0.37 0.16 7.70
GF 0.27 0.83 0.25 4.76
PA 0.36 0.73 0.18 7.47
PeA 0.33 0.75 0.14 5.68

*BA:brefeldin A, CT:ctrinin, GF: griseofulvin, PA : patulin,
PeA : penicillic acid.

*TLC was performed on silica gel pre-coated plates with a flu-
orescence indicator (Merck, Item No. 5715, TLC plates silica
gel 60 F254) by using toluene-ethyl acetate-90% formic acid
(50:49:1, v/v/v)(A), chloroform-methyl alcohol (7:3, v/v)
(B), benzene-methyl alcohol-acetic acid (18:1:1, viv/wv) (C)
as a solvent system.

“HPLC was performed on a reverse phase column (Phenome-
nex Cy). 0.25 N phosphoric acid : acetonitrile (5:5, v/v) was
used as mobile phase for the analysis of citrinin, acetonitrile :
water (45:55, v/v) for griseofulvin and patulin, and acetoni-
trile : water (6: 4, v/v) for brefeldin A and penicillic acid. The
wavelength of the UV detector was set at 254 nm for de-
tection of brefeldin A, at 350 nm for citrinin, at 300 nm for
griseofulvin and patulin, and at 210 nm for penicillic acid.

Al &2 a3z A 149, A 6 3, 1998

cillic acid(PeA)<] RAJo] &= g1t} Toluene-ethyla-
cetate-90% formic acid(50:49:1, v/v/v), chloroform-
methyl alcohol(7: 3, v/v) ¥ benzene-methyl alcohol-
acetic acid(18:1:1, v/v/v) &ujAlA] FQEAE9)
Rf +& ®¥ BAE 0.12, 0.70, 0.10, CT& 0.32, 0.37,
0.16, GF= 0.27, 0.83, 0.25, PA< (.36, 0.73, 0.18,
PeA+= 0.33, 0.75, 0.145t}. =3 HPLC £412 7} BA,
CT, GF, PA, PeA9] retention timeS Ztz} 7.28%,
7708, 4.76 %, 7.47%, 5.68%]%ic}.

Penicillium ZZ=0| EAMME. S<44 o wola] &
& Penicillium TFE AAF5LANES 248 2
T Table 33} ek S4pollA] £2ldt 9l F5= = P,
chrysogenum 2F57} patuling A8t 1, 2 19
7} patulin® citrining 5A]ol AAsIF L, P oxali-
cum 2857} penicillic acidit-& A8t 2, o} 2 4745
7} penicillic acid®} griseofulving F-A]ol A s}sir}.

&d Helld 221 33 FAFF F P awrantiogriseum
657} patuling A5+ 37, 8757} penicillic acidS
AAdstelon, 1957} patulin® penicillic acidE 4]
ol AT P citrimum 1457} citrinin® patuling
FAl AR, P commun 20-57) brefeldin A
o} patuling FAl A AT} = P. griseofudvum 17
57} brefeldin A, griseofulvin, patuling EA] o] Al s}
R-2m P. verrucosum 5757} patuling A3k, of
£ 1757} penicillic acidE A8t 285 P viri-
dicatum 3757} penicillic acidE A4 s}sic}.

Citrinin<> 41354 (nephrotoxin)¢| gl A FELE
AE EFAT 2, S Aslsty AT Apte)] o]=
Al sk Ao BuEe] gloni(2,25), 71EH A2 F
8542 deA o6, 8) A A7) wlx= of
gkl thsle= H718b7)7F o1}, 22w} ochratoxin®}
22 o e AT H4aet A e A9(12) 49 4
Aol $HEER F95 93k H4olth Patulin
< Ad=2] A9} Holl 2HE doylE AT ByE
U 3L(2), penicillic acide FH el H3lFAL2 F9la AL
FTFE TEEe 522X Penicilliume] £9% 55
3T SolA FE F=(5~230 pph)Z HEFHAch=
B3% 3)c}(19). T griseofulvine Q1&o)] HHrHL 4
W3}, brefeldin AS A3 shA 2] 8-A 519} HALE b
gto] EFAEIL Ha, EFLSI) AA v E 2 s)e]
24717k gFell EA R X uEo gle),

HZ AL oF}, vhEsellA B2’ Pewicillium 05
%l citrinin, patulin ¥ penicillic acid& WA 3}= =5
7} RE3L & B ul glovk(29) B d7e A
3} S, Wt o] FiellA 223 FFEL o), uf
T Tl visled Br) tekgt 259 AFELE
XS o 5= dgle)




KOREAN J. PLANT PATHOL. Vol. 14, No. 6, 1998 703

Table 3. Mycotoxin production from the corn and wheat iso-
lates of Penicillium in the yeast extract sucrose liquid medi-
um

Penicillium Tsolates Mycotoxina production®

Source

species  number BA CT GF PA PeA

g

P. chryso- PCO 302 Com ND + ND +
genum PCO 308 Com ND ND ND +
PCO 309 Com ND ND ND +

P. oxalicum PCO 301 Com ND ND + ND
PCO 303 Com ND ND + ND

PCO 304 Com ND ND ND ND

PCO 305 Com ND ND + ND

PCO 306 Com ND ND ND ND

PCO 307 Com ND ND + ND

P. aurantio- PFW 101 Wheat ND ND ND +
griseun  PFW 104 Wheatt ND ND ND +
PFW 105 Wheat ND ND ND +

PFW 107 Wheat ND ND ND +

PFW 109 Wheat ND ND ND ND

PFW 110 Wheat ND ND ND ND

PFW 111 Wheat ND ND ND +

PFW 115 Wheat ND ND ND ND

PFW 116 Wheat ND ND ND ND

PFW 117 Wheat ND ND ND ND

PFW 122 Wheat ND ND ND ND

PFW 123 Wheat ND ND ND ND

PFW 129 Wheat ND ND ND +

PFW 130 Wheat ND ND ND +

PFW 131 Wheat ND ND ND ND

PFW 133 Wheat ND ND ND ND

P. citrinum PFW 102 Wheat ND + ND +
P. commun PFW 113 Wheat ND ND ND ND
PFW 114 Wheat ND ND ND ND

PFW 128 Wheat + ND ND +

PFW 132 Wheat + ND ND +

P. griseofulum PFW 103 Wheat + ND + +
P. verrucosum PFW 106 Wheat ND ND ND +
PFW 108 Wheat  ND ND ND ND

PFW 120 Wheat ND ND ND ND

33335335+ + 555 -+ 3+ +58F 53

PFW 124 Wheat ND ND ND + ND
PFW 125 Wheat ND ND ND + ND
PFW 126 Wheat ND ND ND + ND
PFW 127 Wheat ND ND ND + ND
P. viridicatum PFW 112 Wheat ND ND ND ND +
PFW 118 Wheat ND ND ND ND +

PFW 119 Wheat ND ND ND ND +
PFW 121 Wheat ND ND ND ND ND

*Detected by TLC and HPLC, BA :brefeldin A, CT: citrinin,
GF : griseofulvin, PA:patulin, PeA :penicillic acid, ND :not
detected.

2 o
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