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Patulin Producing Capacity in Broth Culture Media of
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Abstract

The patulin producing capacity of Penicillium crustosum, an isolate from Korean apple, in various broth culture media,
was investigated, and compared with patulin production by the standard strain P. griseofidvian (ATCC 46037). The
maximal patulin production capacity of the P. griseofilvian ATCC 46037 was 2,029-2,829 ppm in S-GYEP, SY and
MEB broth media. The patulin-producing capacity of the isolated fungus (P. cristosum) attained 2,794 ppm in a 5-GYEP
broth medivm, but was only 324 and 11 ppm in SY and MEB media, respectively. There were no significant conelations
between miycelial growth levels and patulin-producing ability in either P. crustosum or P. griseofidvum. The patulin
production of .P. griseofidvian was induced in the wide pH range of pH 3.0-11.0, while that of P. cristosum was
induced in the acidic pH range pH 3.0-5.0. Patulin production levels were dependent on the carbon sources in the
media and maximal patulin production by P. griseofidvim and P. crustosum was observed in media containing glycerol

and fructose, respectively.
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Aol & T 7Rl 71E5EE®) B
A 9lom, patulino] WA 283t Ho] BF-E
sl 2k B B ARE Sddite drEas UE
= o} ITH9). Patlinel] tf 3t F4| 20 A& palin®] &
g8 H7K10,11) ol & pawlin®] ZHZ H 4 71<7)
(12), FH R F229] patulin G = H 7H(13), patulin
Aol e 54 (14), patulin®] A A7 <71 (15-17)
9 thekst oA A= o] gitth 53] patline] F
L FA Aot A2l gig AT EstA A
U= WHOS} EUo| M= ALatE229)] patulin 2 28
50 ppb= Hot] HAV|FEo 2 A3t 9l om(18) F
de FAH o2 Atpe} AlzlF2of thet patulin®] 7 <
o] B} ZslsE S lok19).
SElvteke] AlatAin) Hd-2 20000 7]E0. 2 oF 26,000
haol] o}2m ALHeF IEE A7 50008 FF o]21 Tk
0). WA FUAF ARz A1 2712 E 9] patulin R E 5
9 A Fof| X3z panlin 4179 TUH YT} 2
7\kAT7E d et of AR felvEle] Fgol S #
3l A& aflatoxin, ochratoxin & sterigmatocystin 5-of] %
& A7} FE o] Fo] £1(21,22) patuline] 3 AT =
Kim&(23)0] #3E 3 patulin A4 75 2] 52 2 Hol
E7g AFolth Az} 52 U4t Almle] Buto 2 g
patulin A+ FFZ E2)5te] oS Penicillium crustosumS.
2 B4 v rh2d). B, TP 5S YA 2ol
= A2 BA 9 Aoy T mAETe] 5 T
olgl ZFolo] AT & PAFe Aoy} vehdr)
(25,26). o} ¢} #E3l patling A= Penicillium® Z
Folo] S8 e 54 YA To] HaEo] glon,
Patterson (27) F¥°]9| patulin A4 @A FAzA
IDH (isoepoxydon dehydrogenase) geneS- probe & 3te] PCR
WH S 2 patulin Y FTE £X3% A3, IDH AR
7R 2 ot 87 oA o] fAAL HEHE|A] Gol
patulin A4to] #AHA 2 B9t oS End vl
3ick. 53, panting] A4 2 el 23] Y527
pH7 71 2 98-S viXe oz d3A UATh28).
oo we} & AT E FUA AHEEE Fe, 54
st} A BE 321 P crustosume] W8] thgdt gha
A3} pHell w2 457 =9} patulin A3 5 patulin 4§79
HFTTRL P. griseofulvum(ATCC 46037)2} ¥)wdle] 4
st

:

ol o Ry

HE o

A2
B o] A1g3t toluene, ethyl acetate, formic acid,
acetonitrile, patulin 5%, 18] 31 3-Methyl-2-benzothinone

hydrozane2- v} = Sigmailoll X F-Aste] AHE-8HR] AL, thin
layer chromatographyZ 9|3t silica gel2 silica gel 60
Foss(Merck & Co., Inc., Darmstadt, Germany)E A}-8-3}53 T}
Patuing] 5% 3 HPLC 240 A4 Al2ke 25 HPLC
gradez. 7RJ3}d AMgateir.
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FTUAE A2 RE &2, 8 E P. crustosums A BT
22 2815 0H, palin A4+ FEFF9) P, griseoflbum
ATCC 46037+ American Type Culture Collection(ATCC)9]|
A goprol 272 ALgSATh A7ke] RFE potato
dextrose agaroll &3] 25T 9] LA 157 v gt
¥AE YA AT I} ABAE petri dishol] 0.1% Tween
80 89 1 mLE H7katel EAE Aol 24< 33)
BB T G458 A B 3D olE BESE
3| X5}e] 10° conidia/mL & ZAsje] AF ol ALt

0] ¥ A patulin Y4+ 9]¢ #iA] = SY(sucrose
4%, yeast extract 2%; BD Difco), MEB(2% malt extract,
2% dextrose, 0.1% peptone; BD Difco), S-GYEP(5%
dextrose, 0.1% yeast extraét, 0.1% peptone; BD Difco)]
Al 712 wlA] & AHE-SHATE S-GYEP viA| 230l A ©hAg]
S dextrose, sucrose, fructose, lactose, galactose, maltose,
mannitol, sorbitol 2! glycerol 2 th ) g+ vl 2] fA] Er4gl o]

€ &9 patlin 4G5S SH3AE TAHY AE5=
patulin A/ 52 Erlenmeyer flask(250 mL)dl| ¥j#] & ztzt
S0 miA EFal) WA T TG | mLE PE
831 30TS) @Al A 200 pme) ZR10 2 4 FF el
WA 159 Ao ZHet WAl pHel ©he
patulin®] AAHPE BwEAE s, Hjz|e] pHE
2.0-12.09] {92 23} potato dextrose brothol| A 45-7¢
W FEIAA 159 HH o2 a9 A8 =9 patulin A
52 ZAFEIG ) viAl ] pH Ao 0.1 M citric acid$h
0.2 M disodium hydrogen phosphateZ ©]-8&3%} Mcllvaine
bufferE AME-s}RAC.

T
gl 50 mLE et TAE FHFRE AHsL, ol
o 75t o, 60°C 2] dry ovenol| A
A AT 2, gigFo] @ FAA oA
g FAE S35t oo A5 E 243}

Patulin Mzt

oA Bl FH ] patulin T2 AOCAC W (29) 0.2 £X4
At FE2E9| patulin AEAFE Hrle1Ye HAA
A& 0o 2 thin layer chromatography (TLC)E A A&t th
712] 100-110°C A z7]ellA 2A)17F Ft 493} A7 TLC
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platel] Z}zt9] patulin FFE7} 322 10 uLE spotting}
of 7178 -&vfi(toluene : ethyl acetate : 90% formic acid = 5
4 )7h E3hE Hze] WAAZE A" TLC plate S
10CAA AZA)17) th UV 5 ool EF patuling}
U REAE UhheA] B2 F 05% 3-Methyl-2-
benzothiazoline hydrazone (MBTH) &8 293t & Az
A7 $HOR B panlino] 2} L reehle] walwhg
o] JehbeAg HST Panling A #

HPLCE AAlStt) &, w8 10 mLE A ETH(1)d
3to] S| ethyl zcetate S H71le] 187k 283) myl
e A8t AHdE AlEIHID AT Al
of| ethyl acetate 10 mL-2 H7}3b] 1387+ £33 ok
slo] 422 AFHID Gt o] ZZo) 15%
YEFEY 2 mLg Hrlsle] T3 v GA|sta d5e
< AlEEIo) &HTh A1) ethyl acetate 5 mL-S
H7bske] &3 U BRI F 4SAS T AlgEm)
o T2t 9 22800l FHRIIIES 1 g8 Ao}
o 3023t £ g AEHE 343l 40ToM Aa
$59 F 2AEB0R pHA00E 2HE G0 g4
Sl Al &0 2 183Gk AR S S 045 ym membrane

o
X2 %
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B2 ARGt EFE patulingt H]mate] 7 gstgich
HPLC= Waters 2690 (Waters Co., Milford, MA, USA),
detector= Waters 996 Photodiode Array Detector (Waters
Co., Milford, MA, USA)S- Al-8-3l] 23} 276 nm=. A4 6}
At Column Shiseido (30 cm x 39 mm)< o] &3} om,
o)A R ZF5: acetonitrile = 95 : 59] H]& B &<&
0.7 ml/min®| £x32 i3t o) AR 20 WA F43}
o 4steith

SAEA

o] ’de] A& Folzl AP AT} Statistical Package
for Social Scienc:s(SPSS. 10.0)Z ©]&3lc] oneway
ANOVA #4& 5-9oH, A|87te] #94< Duncan’s
multiple range testiz p<0.05 5EoA] vl m3lH T}
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Penicillium griseofulvum®| & 9 patulin MAS
F3o] ¢ € patulin A4 F=8i#20 SY, MEB,
5-GYEP oA ¢} pawlin A 50T P. griseofulvum)
A /873 patulin Y45 S AZE Fig. 10 YRl
o). P. griseofulvum® A AYFE SYUiR oA 7 =9ke
™ MEB H{A] ¢} 5-GYEP vjA] | XM= AFi A o2 %
o] ytr} SYwx| oA P. griseofulvum®] A% FA| &L
HF 15 33 40 mg/mLo 2SIkttt o] & At
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Fig. 1. Comparison of the growth and patulin producing capacity
of Penicillium griseofulvum ATCC 46037 in a cultivation media of
SY broth (A), MEB broth (B) and 5-GYEP broth (C) during a
cultivation at 30TC for 4 weeks.

O-—0; mycelial growth (mg/mL dry weight) @—@ ; patulin (ppm).

#Zasigion, 33 THE A 7kt ek 4=
55 mgmL7tA] ZF7}skach (Fig. 1-A). 18y} MEBS}
5-GYEP iAol X & A AY7de] wl-§- @eket. =, MEB b
Ao M= Wik 15 o] F A2 FAFe) 15 mgmLE 313
£ YERAT} o] & A Zadte v 4% 0l = 0.6
mg/mL7}A] 7+ 519) 2.0 (Fig. 1-B), 5-GYEP HjA| oA &=
HlF 15 o] T RE 45717] 3639 mgmlo] 7% A S
A8l tHFig. 1-C). Pawlin A FFFF P
griseofulvum?®] patulin Q452 Fig. 10| UeRd ulel 72o]
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zt uliRlof] whet AYAA TR APAbakel the] xlol7) Ile
v HAA o2 o patulin A4 2,000-3,000 ppm 2E2
H A 72 5= palin J1Heg HoFEo) 7 A
HE = SY uiA 9] A, vk 254 o] 2,456 ppm o2 |
o] patulin BAHEFE JERGSH o|F AP 7Haste
2,024-2,399 ppmS 4484}t (Fig. 1-A). ¥hH MEBS}
5-GYEPH|R|ol| A= | F7]3t 7 2ol whe A gL o
o1} patulin A4S SY B} b BAY e 2%
WEPUT). E3) SY Hlx|o| M= P. griseofulvum2] patulin
AYatol vk 25 o] F 5 E E4std A= 2] MEB9}
5-GYEP ujAjell A= vl 15+ o|Fof 7}2+ 1,852 ppm¥}
1,640 ppm] patulino] FZ 5o JH o2 SY wix|Hr}
B2 patulin %= AZFS VERQITE w2
MEB Hjz| el X & 25F0f] 2,028 ppmO 2 FH3 YA 5
B ot 21& 2hAaste] 455 %o = 2,893 ppme]| patulin©]
AR, 5-GYEPH|A| oA = uloF 1520 1,640 ppm
9] patuline] HEH Y ow v 250 thd AFATIY,
o|F Frtsle 45 A7} Fofl= 2,892 ppme] patulin A4 %
< YehgA )

Penicillium crustosum® 4% 9 patulin MMS

SY, MEB, 5-GYEP Bj=]o| X Suj4k Azt 2 5E Eeld
patulin Y 2b7 3= P. crustosum®] 73 A733} patulin B4 5
SAAHE Fig 20 YeRNUTE P. crustosum] oA A7
< P. griseofulyvum™} wEE7FA| 2 SYuR|ol A 71 Egko
™ MEB ®{A] 9} 5-GYEP uj#| o A= A 3o wglot.
SYulix]oll A P. crustosum®] 713 FA 2L vk 25 Ay}
T ok 2 mgmlLo 2 FrtEt T} o] F At gasg e
o, 35 378 ] F71ste] wl e 450l & 36 mg/mL7HA]
=718t} (Fig. 2-A). MEBH| A9 A] P. crustosum®] T+
AL ok 1-25714) 2.8-2.6 mgmLe] A3 Vel
o} o] % Az} 7FAdte] 34F0= 1.9-1.6 mg/mLoE 7}
2319 thFig. 2-B). L3} 5-GYEP Hl=|o| A& uj ok 1-2220]
3834 mgmLo 2 VEPFon, vl 4550 4.7 mg/mL
2 i 718 thFg. 2-0).

U4 Al 2 8 E E2)E patulin AY4HES P. crustosum
9] patulin 4452 Fg. 20 YeR uhe} Zo] uix)o) wt
AT 2ol & YEFHRILE SY viR]oll A 2] patulin A AH-E
A} &F 15°A] 135.77 ppm o2 YEPgow 35 A3 3=
32396 ppm o2 11 TS YERN AT o] & Adte
7d%< WYERNQITE. MEB ul| 2| o] X & k71 7ke] =gt
o we} 510 ppm 2] patmlino] HZ|o] ThE x| ol M
B} 22 patulin /4 %S YERASITE ¥ 5-GYEPH|A]
NHe FAe 44L A Jehx] @ko, patulin A3
‘42 vieF 250l 2,390 ppme YERR oW, 3F:F o=
2,794 ppm7}A] F7Vsl vk 18 u S-GYEP v 2| oj| A Ak
9 pawling WF 3F o) F FA3 Fas wjF 45
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Fig. 2. Comparison of the growth and patulin producing capacity
of Penicillium crustosum, isolated from Korean apple, in a
cultivation media of SY broth (A), MEB broth (B) and 5-GYEP
broth (C) during a cultivation at 30T for 4 weeks.

O—0O; mycelial growth (mg/ml dry weight) @—@ ; patulin (ppm).

Aol AEFA ¥t durd oz Fgole] AA-L )
A2A, FEEYEAW), pH, 25, ¥ T2 7tAFA )
&I 4 A Aotk 53] FEEH =AW} pHE &
ol ARt 22t AR Aol & Fge v)Htkn
BE 3 9low, P caseifulum®] 7% pH7} FE4-5- 23}
Ao o] 718 A4S YEATH30). E3H
Y02 paniling 9] 2 wlmA g sirha
dHA Jom, 4 2 F IAe] 2N E patulino]
Zadte ¥art ok3n). vk, Ak el 2 A oA ascorbic
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acid G7}ol| ola) X patulin FHFo] 60-80% sk AEES
Uehdthe H1(2)% IS BE paulin T8 74 9 A}
=3 9= pHell &3 Y7 o9 MFTHY F A=
AR of g J3Atgo] gl Ao AZEnt @,
Tl patulin? ZHEe| st AR 02 AAHGT
LA Lo K33.34) LEINA Wl Eo] A o)}
thA-AHEe] E3HAQ] 2H8-oll o8t patuline] -3 € chn
BF A Sle ¥ A B8 AE ol AR WA
A Tk 2 AT A, wi o)A ofn] AAtE patulino]
AT 73T & AEEA S A =3 vAE AT g2
tAAHES] AP3}e ARl Ah-gof ol3lod patuline] E8| S
< ACE FEE FHAQ v71F e 25 At
28T Aoz AaEATk

P. griseofulvum3} P. crustosum®| 4% 2 patulin M4
H| @

£ Ao x| WA P griseofubum} P, crustosum
BT sucrose S B 2 23 SY broth BiA| oM 1 w&
A AFE VER)l o, MEB Hj %] 9} 5-GYEP Hjjx])|A]
o] A AL X FAF 7]F 5 mgmL o] e
e BAFUT. SY iRl o] AAZHAE Awjum
T i B5 loF 125 A Fo] Frtele] o] & zhast
A7l 9A Fvkske S Yehdigien o E uix| 9
Bl AFES W3hoL} oj9f FARE S Hol3g)
(Fig. 1, Fig. 2). v w2 P. griseofulvum™} P.
crustosum®] H U patulin AAF A &2 Table 10l A 213}
t}. Table 1¢] ZAzjol| vyebA vle} Zko] P griseofulvum=
ke Sell X 2,000-3,000 ppme} -2 patulin P4 S
Uetleg Zujat Al Beli#39 P crustosum -
5-GYEP ux]o| 415} 3,000 ppm <=5=2] patuling A 4H5+53
3 SY ¥Rk ME3 HiA] ol M= gl o2 Y patulin
355 BT ) Pawlin®] A7) = 7t =)ol whe}
7] ggkovt T2 A 12} AY7o] o] Fo1A stationary
phasec]] =3l o]fiof] WA E S UehAdT) g,
SY EjAl| A A BAED pawlin AYrko] BF 4
P. griseofulbum®| 7% %5 A|¢|3}tal= patulin A 4to] =9k
3R AR BT 2 7AFe 5 mgmL ©)§2 Wk,
W) & 35 mg/ml <=9} TS JERNIE SY wiA|
-P. crustosum A=A patulin A/do] W& AAE 1}
EfiQlch webr B e ARE Fete] wAle A=
9} patulin®] A4tzhe] AB/BA I &S & 5 STt
(Fig. 3) =3t & Ao AMS-E ZE H|X]ol| A patulin A4
o} EIQA P. griseofulvum3t = 22} P. crustosumS- glucose
b gagoz ¥FE 5GYEP #iA] o)A ¥ patulin A 2F
4= Bo] FUTE o] P crustosum?] patulin AJ2ko] €A
Holl whet el Aoz ddd 4 glon) o33 8
9] el &5 M} A A77t BegkEojol & Ao
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Fig. 3. Correlations between maximal growth rate and patulin
producing capacity in a culture broth of Penicillium griseofulvum(A)
and Penicillium crustosum(B) during a cultivation at 30°C for 4
weeks.

Table 1. Maximal patulin producing activity of Penicillium
griseofulvum and Penicillium crustosum in a cultivation media of
SY broth (A), MEB broth (B) and 5-GYEP broth (C) during a
cultivation at 30C for 4 weeks

(unit:ppm)
Media P. griseofitlvum P. crustosum
SY 2456.1 3239
MEB 2,028.6 109
5-GYEP 2,8929 2,794.2

Hjetoio] pHol W2 patulin MAds

5ol o] ARk HiA] Q1 potato dextrose brotholl 4 pH
3o we FAA7FT patulin BAHSS v w8 th(Fig.
4). FFwF P griseofubvum3} B2 05+ P crustosum 25
pH 6-89] 4 pH FHellA T o] 71 &3kt
Patulin A4 P. griseofulvumS 57 5E pH 3-119)
S 9 olA 500 ppm 9] 9] patulin PAHE HoJF o
W P. crustosum2 pH 3-5904 7} & %9 patling
YAkate] P crustosume©] patulin A3/de] SlelA] 1} 1718}
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Al pHE| 98-S e Aoz FH/EHATE gk oz %
o= ¥ pH HH(2-10)0A AJ7st0i(24), Aspergillus
parasiticus®] 739 <Fibdoly FAPH  5.0-7.0)0 4
aflatoxing 7} Bo] Ag3cia daix Qlok3s). a2y
v kool caseinS 713t Z oM 2] A parasiticuss pH
9.3-9.99] ¢hzte] Aol aflatoxing 7Fg Bo] A4t
< 9FATRE glom2(36) pH &Y WO T FPo|F
o] AxAE Hrkerl = oE - gadoly A4,
aelx 2&8 4k 21 5 B 8Qlo] mEFHo]of
g Aog AlRHETL
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Fig. 4. Effect of pH on the mycellial growth and patulin producing
capacity in the patulin producing fungi P. griseofulvum(A) and P.
crustosum(B).

El49 E70| ME patulin MAs
4l WE P. crustosum L P. griseofulvum®] patulin
35S Table 20 AAISIHE & Ao F FF2

patulin A4 A== @A) wet 2] o2 A%E e
Wtk P. griseofulvum= &4 7HE-H] glycerol ¥} mannitol
%7} X 27} 29,6380, 8,595.5 ppmO.2 =L panlin AlAHS
< Jehliglen, SOI‘bltOloﬂ A 1,075.4 ppmo 2 71 &
< patulin A4He& YERAUTE EElF5<0 P. crustosum
& P. griseofulvumel| B}3| Z¥EA © 2 patulin A4 BFo] ot
gkom, fructose H7FulA| ol A 2,805.6 ppm O & I &
g HERISITH

Table 2. Maximal patulin producing activity of P. griseofulvum
ATCC 46037 and P. crustosum in various carbon media during
a cultivation at 30C for 4 weeks

(unit:ppm)
Carbon sources P. griseofulvum P. crustosum
Dextrose 2662.8 11372
Sucrose 23521 903.6
Fructose 2029.8 2805.6
Lactose 3092.7 1622.9
Galactose T33229 1336.6
Maltose 1750.1 1963.5
Mannitol 8505.5 1101.6
Sarbitol 10754 12959
Glycerol 29638.0 981.1
2 %

T A2 EE 28, 53 P. crustosum¥} patulin
ABATFR P. griseofulvum(ATCC 46037)°l] thdle] malt
extract broth (MEB), sucrose yeast broth (SY) 2 5% glucose,
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