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Rapid characterization of potential 
ochratoxin-producing fungi isolated from 
grapes and study of natamycin efficacy 

for its control l 

A. MEDINA' , N. MAGAN ', F. MAHO', F.M . VALlE -AlGAARA' , R. MAHO', 
M. J IM ENEZ " 

1 Dopo rtomon(o do MioobiWxji. V Ecologia . Unlve"ll&t d. V. I" nei •. Dr . Moli n", 50, 
4610 0 ' B ut"j~<so', V~I""'i., Spa in . 

2 Applied Mvcol"llY Group, IBST, Cr. nfio ld U ni~orsity, SR,,,,, , MK45 4DT, UI( 

3 D " D~ftilmento de Quimic. Arlali~<a , U ni ~~r< it.>' rlo V~lo nci a_ Dr , MOli" " ' 50, 
46100-Bu rja«ot, Vale",,;_ , Sp. in . 

• Phone : 963543144; Ema~: Mi, e ricordia .)imene' <i!'uv ,e , 

Ko" Wo.PS, o<"<>log y, gr" ., ru"QY , noractorhotion, A. "rtxm~rw>, ... M>in~e,,> ." , "­
.. ti~e" ,,","myM. OTA p,od .,q ion 

ABSTRACT 

Fun"o l flQ r~ Qn "p~ ~'. pe . nd fungi ch~c~ct • • iz~tion .... ve lY c.itic.1 fo • 
....... 'ng '~e . iok of OTA p •• _e ne. In wine, a myco'o~ln da .. lfiod o. po .. lb le 
ca.c;noge".., h um"n " 

In tl\~ ~..,.ent wo.k, tho "eR·RH" 'echnl~uQ h .. b • • n a ppli od to th. ITS1· 
5.B~·ITS2 .egi~n of the .D NA to earlY out the cn",act~.iz~tion of po,entl.1 OTA 
producing _oocl •• of bP~<11i11u~ ~~etion Nigr! 'mm diffo.ont flrOpe v • • iotie. g ,ow n 
In So. in . The toxin p ,oduction levol. of 'he different i.olat~. have .1.0 been 
an. lv_od ","d the . blHty <>f n. t ' '''yc;n, 0 fu ngicide , to control fung. ' deve'~pm . nt 
a nd OTA p.oduetion In vlfro h • • been .tudi~d, a . w~1 1 •• th~ Inte •• ctlon with 
environment.lf.eto ,. (w . t •• a c';vi.y, t . mp • • ~'me) . 

Tho .. ,ult. obtained from In vitro cu l tu.~. of 20. T.cla' .. of 'pod@< I" 
Asp.",mu • • oclion Nigr! .ho"od that 74.2 '1'0 of ... c~rbon.riu. ;. olatu a nd 14.3 0/0 
of A . tublnge".I< I.olat~_ were copoble of producing on a t dlff.","t lovol • . No 
' . ola •• of A. nifler .ho". d OTA p.oduc ing ,..,pocily u ndo. I~ . e xpe,im onl. ' 
COnditions. A. c. rbOtt. Flu. w .. 'he mO" f"Qu~ntly lool . tod =h.oto.; genic .p. ci ... 

n • • ffe et of n.tamycin again .. i .ol~te. of A. c. rbo". ,lus ha. been .tudl~d 
a ccording to dllfe .ont I.vol, " a to. octi .. ay ond t . mp . ra 'u,e. It can "0 . n n th . ' Ih . 
e fficacy'" velY low concon"a'ion. of ,hi . fung icid e on fungal growth de pe nd. on 
wat • • a ctlvl'y a nd '.mpo. " "'.' (" ""oti n d. I'OlV •• 000, '0<. 19, " 0 ~l>9 -~ !O, op , M 9-

~" 
-

1 A pap'" lro m th< XXIXth Wond C""".os< of Vi"" .nd I"Ilno, OlV, l ",",o/Io {Sp.l n), 15-30 
i u , •• 200(,. 
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1. INTRODUCTION 

(X~'alOx;n A (OTA) was di$coye rO'd In 1965 as 0 seconClary mcu.bol"" 
of • 51'a'" of AS{»rt)/IIUs ochrKell5 (V~ n Qcr Merwlt et I !., 1965). OTA 
"" h,b'(' Intestinal fra.gllity. nephrotoxicity, lmmunosupp"'5ion, 
theral!>genlotv. carcooogeolCity (JECFA, 199£>; Bondy ami Armstrong, 1998; 
DIme,mer, 1998). cytotoxicity In he patic cell lines (Bondy and "'m$tro09. 
19ge). ~rd also Induces Iron defki~ncy ane ml .. (Huff et aI., 1979). OTA co~ld 
bI! re~l>O"s, blc for Balkan endemic ~ephroDathy (BEN). Observed In (;.) lkMic 
co,,~tries. Th e !ntem~tlon ~ 1 Agency fo r Res~~n;h on Caocer ( lA RC) C l~$.ir,es 

OTA In gro~p 28 (possible c~rclMgcn to hum~n5 ) (IARC, 1993) . 

Fung' Irom two other gener~ 3re known to prl)ciuce och ratoxin •. In 
~nv' penlc lll l~m , aTA IS p roduc~d bV p, Verr~C05um (Pitt, 1987) ~ nd in 
~.n~s AsPll"il dlus, by A, odl r~ce~ ., A. m"lleus, A, ouricomus, A, O.tlanus, A. 
PCtT~~", A. sderotlor1Jm, and A. sulfureus, ~lIln s<:ctlon CJrcumdati (rorme rly 
UtI! A. oct>raceuS group) (Hesscltin" et al .. 1971; Abaru et aI., 2001, 
Bay~n ~, '0., 2002), A. alliaceu;; Md A. albertensls, formMy placed in 
seo:tlon Clreumda u, but recently sll" .... n to b" mor<' closely related to section 
Flavl, have a'5O been described ,,;; pradocers of OTA (P<I!lerson, 2000). In 
recent ~ars. 50me members of Asp"rgln~s section Nlgri (formerty A. nige ' 
group) wcll as A. nlger var. nlg.,,- and A. carbonarlus Mve been reponed u 
odvolax;g@r'~ lun~1 (Ablorca et aI. , 1994; Heenan et ai" 1~98) and mar~ 
r"fi~~, the ibil,t~ of !he ~ni5eri<.t~ species of black npergilll A. japoniC~s 
to prodoce OTA has been mentione d (B. nllanl et al .. 2003). In A. ni'ier 
. g~reget~ ,t lIas always been difficult 10 distinguish onc le •• from another by 
morp/lGlOO;ical mi! SnS because the diff~r"ncu are very subtl", The diviSion of 
this A. nlOtOr aggregate Imo two spede., namely A, nl<;ler and A. tu binljensis, 
occorcl lng to RFLP ana lvsis of totol DNA was proposed by Ku.ter van 
Some ren et al (1991) , Stud ies Involv in9 a molecular approach followe d and 
5ubsUl ntlally co nfirmed ~ese resul ts (Logcieco et a l" 2002 ), AlthougM tMe 
ability of A. ~'9v to p;od~ce OTA hos be en descrlbed (Ab~ru et e l. , 1994), 
the Spl!Clu A tubingensi. has not been reported as OTA Pf'(Iduce' (Abarea et 
al,,20(4). 

(2006, 901-910) 

'" 
Ochratoxin Alias be<>n detected In lIuman blood ( Bun;!~51'~1 and 

Legarda, 1995) and food and drinks such u cereals (mainly wheat. barley, 
tom ond oats). seeds, beans, pu l .... , peanuts, dried fruit>, cot'l'ee, milk, beer 
and, In recent years, In wine (O!'(en"de' and Ma)er1Js. 2000; l6pez d" Ce,a in 
et a I., 2002). Due 10 the presenc" of OTA In food and drinks typical in the 
human diet, the study of OTA has become Incre»lngly Important. The Joint 
FAO/WHO Expert Commlnee on Food Additive. has discussed !he imposition 
of 0 mulm~m tolera ble wee~ ly Intake of 100 n9 of toxin/ kg body we ighl, 
ImI a mulm~m level of 5 · 20 119 OTA/kg In c"rells, both processed and non­
processed, The ON fixed 3 ng/ kg as a mulmum leve l of OTA in wine (OIV 
2002) . ' 

Wine Is a product of Qreat economic ' ele vane.:: a rou nd the wcnd , 
especla llv In prodUC ing counthes, RecV1tly, It ha. be"n shown that OTA Is 
stable In wine for at least one year (L6pu de Ceraln et aI., 2002). 

fungal Mora on ripe grape Is v"'Y critical for assessing the ri sk of OTA 
~sen'" In wln@. TIIerelore, .om" ' .... ea,.g,ecs have recendy srudied gra pe 
mycobiota In d,n'erem countri .... (Ab",nhosa et aI., 2001; Caballe. et ~I. , 

2002), but no attention ha. be"n ~id to the study of odlratoxigen" fungi 
co-occurrence In diff~r"nt grape vatietlu. 

NalamyCin (pimatidn) i5 a tungidde produced by SlTeoromyc:es 
n.lf~lensI5, wt.iell is commonly U5ed In dairy-based food product'; for 
controlling spollag'" by moulds, especially In chccse (De Rulg and Van oer 
Serg, 1<;185). Stvdi~$ by Basilico et al. (2001 ) have shown thal nala mycin at 
2% (~/v) and th~ parabens (0,5% w/v) effcctlv~ly controlled thread mould 
g,owth In vecu"m-packed hard cheeses , II has a broad spectrum of acti~ i ty 
aga inst spoi lage mou lds ~nd Is con.lder~d to be a very stable product wl\h 
effi(lcy aga inst A. n~v"s ~ nd .fi.toxi n production (Rusu l and Ma rth , 1988), 
a lthoug h th e inte ractio n with different ~nvl ronmcnta l facto rs has not been 
stud ied In deta il. However, deta iled stud ies of Interact10 n with environment,,1 
laclors and efflucv on mycotoxigcnlc species have not be~n examined. 

In the pr~sent work, we lIa ve apjllled the PCR-RFLP te<:hnique la the 
lTSI-5 .8S·ITS2 region of the rt:INA to carry out the characterization 01 
potential OTA producing s pe<:ie. of ASPergillus section Ni9r1 Iram diff"rent 
grape varieties grown in Spa in. We Ill1ve also analysed m.. taxin production 
le vel5 at Ih" different isolate~ and stUOled tile 1Ib1lity of natamyCin to control 
fungal develoomem and OTA production In ""tro . 
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2, MATERlALS AND METM ODS 

2, 1. Fungal jsol ~tlon and id"ntlficatlon 

(44 ed grapes and 8 white g,~p es) 
11'1 this studY, a total of 52 g,apC ' t"" studied gnlP" 

wmples (VitiS v,n/kr/l) were ~nlaIYZ~dth:ilb~~e~a~~W!nd the number of 
varieties, the geoQrophlcal ong n 0 
samples ta ke n 10' the d,tre,ent grapE v~ rle t i es . 

~-,. .. -., ......... -""''"''''''''''''. ~"". '.~'-

, ....... 

,""" """' .... 
II the parts of the bunches and 

FlfW b~,rI"S were picked from a Barcelona SPIIln) From the 
homogenlled '1'1 a. stoma~ha~~ (~~~ti~~:~;~ade under' sterile ~nditlons. 
homogenate , dCClmal se li te Petri dishe5 conta ining Malt Ext"Lt 
These so lutions we re uscd to n<)Cu a In) Petr1 dishes wen'! 
AQar (cultimed, Panreac Qu;m~c_; S,j:·'s BI~c~~n~'a:.a Aft~r Incubation, the 
then Incubated at 280(; for ~amentou5 fungi per mlllllotre 01 bCIT)' 
num~er of colony forming unlis ~f : Tuooomlc Identification of ~ II isolates 
homogenate (CFU/ml) was evl ua e . I pie. obseNatlon with the a ,d 
w~s achieved through macrosc;Oplc al'ld m crostO . 
of guideline< published lor Nch genus or gener~1 gUIdelines. 

A. (;jjrbon~rius was identified through micro scopic Obse rvation, and 
Aspergillus "iger ~g!lreg~te (A. "igcr and A, carbo~rlus) was ideml~ed on 
tt;o, bIIsls of the determina tion of restriction patterns of PeR-amplified rDN.., 
products. Fu~al DriA was Isola ted aCc;Ordin~ to the method described bv Lee 
~nd T.yio, (33). An ITS1 ·5.SS-ITS2 rDNA gene waS am plined bV PeR. Two 
oligonucleotide fungal primers du «ibed by White et ai, (1990) were used for 
am~1flcatlon (ITS I: S·-TCCGTAGGTGAACCTGCGG-3· and rTS2: S'­
TCCTCCGCTTA.TIGATATGC-3') . Amplified rondom products w~rc digested 
overnight at 370C with restriction endonucl~asc Rsa 1 (60ehrlngcr 
Milnnhelm) . PeR produ~ ~nd r"5triction friloments were separat<:d by 
electrophoresis In l~ a nd 2~ as.rose gels, respectively, with 0.5 • mE 
burler. Alter el~ ({rophoresi., gels we re stained with et hidi um bro mide (0.5 
IIlIIml), and th<o DNA bandS were vi5u~lized with UV trilnslllumlnator. DNA 
!illel we", estimated bv comp"";""n with. DNA length standard (lOO bp 
mol ecu la r marker, Gibc:o BRl Ufe Technologies Inc. , Rock"lIle, Md., USA). 
Th e restriction pallems ob\l.lned for the different Isola tes from grall" 
samples we re compared with those obtained In the same conditions from two 
stril!ns (A. '''gef No 2807 and A. tubln;;ensis No 20393) held at the Spanish 
Co! lectiQn Of Type Cultures (CE CT, Va loncia Unive rsity, 8urJassot, Valen6 • . 
Spilln). 

lC-ion tra p-man spectrometry was used to un ombiguo~s l y confirm the 
presence of OTA in cu ltures. Th~ an _l ysi s was carried out on on Agilent 1100 
liquid chromatograph (Allilent TO!chnoIOOle. , WaldbroM, Germany), eqUipped 
with a Zorbax SB-CI8 column (150 x 4.6 mm, S I'm oartlcle size) (Agilent 
Ted1nolog ies) and coup le d to " Bruker Esqu ire 3000 Plus Ion trip masi 
spettrometer (Bruker lnstruments. BIII~ri<a, Ma., USA)_ The mobile phase 
wu programmed following a lI .... ar gradient at a Row· ,.,.t" of 0.5 mlfmin. 
501.ent A was wat~r with 0.05% trifi~o roaLetl c aCid, solven t B was memo no! 
wi th 0.05% tlnuoroacetlc add . The gradie nt program WaS as followl: 0 min, 
40~ B; 1.5 min. 40~ 8; 15 min, 100% B. The ionization methOd was 
el~ctrospray Ioniutlon (ES!) in poSitive mod~ by us ing me following 
ioniutlon SQurce paramete rs : N>nebullzer gos a t 60 pSi, dry gn at 10 Ifmin, 
dry tempe rature at 220..C, al'ld <a~lIary voltagO! " t 3 kV. Confirmatioo by MS 
was biJosed on the protonated molecule [M+ H]. and the most abundant 
product ion [(M+ I1 ). _ HCOOH ] whose m/z r~ti os are 404 and 358, 
res ~ctI"ely. 
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2.2. Study of n;Uamycin efect 

Once the fi rst study w~s concluded. four isol otes of A carbon~riu5 

isol~ted from w ine grapes were ,elected to study the capaci ty of natamycin 
to control both funga l growt h ond OTA pro duction in vitro, Only two of t hem 
were OTA- pmducers , The fo rmulation used in these stud ies was Delvod d 
(50% a ,I. ) , 

A rreshly prepared red g r~ pe extract from organic t"ble gra pes, wh ich 
was modified with glycerol to th e required " . Ie_els (0 ,98, 0.96. 0.94 ), W"S 
used . Th e temper~tures of incubation we re 15, 20 and 25£ based on the 
i nrorm~tion av~iI ~ble in d i (~ti n g that opt imum temper" tu r~ ,ondltions fo r 
OTA production are 15- 20,C while those fo r growth ~ r~ &bout 30-35.£ 
(Mitchel et a I. , 2004). Myce li ~ 1 extension r " te. were me",ured over peri ~d. 
of 12 days and th e li nea r regression of the I l n e~ r palts of the rad Lal extenSion 
rates was use d to determine t he growth r~te s ( mm/oay). 

2.3. OTA ",xtraction ~nd ana lysis 

Twenty grams of c~ch fu ngal cu ltu re (agar + fun g. 1 biomass) Ill •• cut 
into sm~ 1 1 piec~s and e'tr~ct~d w ith 50 ml methanol (Sigma, UK) by "",a~ l n 9 
at 110 rpm fo r 1 hr ~t 250C in the d ~rk The extraots lIIere c l e~ncd up _by 
fi ltrat ion t hrough nlter p" P ~C (Whatm~n No. 4) (o nt~ i n i ng 5-10 9 of Ce l,te 
545 (Aldrich Chemic~1 Co _ UK). One ml of each fil t r ated extr~ct was 
rem oved ~nd cent rifuged ~t 1100 r pm fOf 15 m in for fi nal purif[c"tion_ The 
su pem~t~nt of each s~mp l e was removed and placed in l C amber v ial for 

analyse, 

The LC system used consi sted of ~ Mill ipore WMers 600E sy stem 
control ler, ~ Mill ipare 712 WISP autosampler and. a Millipore Waters 470 
scanning fl uorescen ce detector (Mlll lpore Corp oratton M" " USA)(excit~tlOn 
and emissi on wavelengths wcr~ 330 and 4 50 nm, respect ively)_ The sample s 
were Sep~ r"ted using ~ C" Lun~ Spherisor b ODS2 co lumn ( 150 X 4 .5mm, 
5~m) ( Ph enomenex , Macdcsfi eld. UK), with ~ guard co lumn of the ,"me 
mMc ri ~ 1. Run time ror 5~mpl "s wM U m ln with OTA being detected at ~ bout 
5.75 min. The now rate of the mobile phas e (~ ceton i tri l e ·w~te r- acetic aCid; 
57:4 1;2 v/v/V) ilia. 1 m l/m in_ Standaras usod Were ill the 50 - 1200 ng/ml 
ronge_ The recovery r~te Ill"' 88% from the ag ~ r-based medium with ~ limit 
of detectJ on of <0,01 ~g OTA/g mediUm, b.sed on " s i gn~l - to- noise r~ti o of 
3 :1. Ana lys is of the results wM carried ou t on a computer w ith Krom~ 
systems 2000 soflw~re ( Bio-T~ " Instruments, Mi l ~n. I taly). 
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3. RESULTS 

Eight fungal gener~ lIIere m ainly isolated from th~ grope s~mp l e. 

(Asperr;illus. AlwrnMi~, Aceem"nium, Penicillium, Cladosporium , Fus~rium, 
RflizoPU5 , and Phom~) _ 

When consideci ~g the A. nig'" aggregate (A . niger and A tL'bingM5iS) 
and A. cacbon~ci~". t he ANOVA show s that there are sign il'icant dirre re nces 
(p-v olue _ 0 .000) i ~ cont~ min.tion levels .mo~g the different gr~ pc 

v~ neties . The most (ontlom lnatcd grape v . ri etics by Aspergillus section Mgri 
we re Monast rell, Moscate l ~nd Bob~ l , wher e A. cMbon~riu, average 
cont~minatlon level. were 400, 227, "nd 165 CfU/ml, respective ly. The CfUs 
of A. cilrbonarius/m l ill G"rn~ch ~ ~nd Temprani llo v"riet ics we re s i g n i fic~ntly 
lower (7 1 ~nd 32, rcsD<'ct ivciy). Spedcs of the A. nigcr "ggregMC were 
Isolated less orten. Due to m orpho logical similarity within isolates in A niger 
" gg reg~te , Identi rocMion of Isolal.s in this group was based on PCR 
" mplifiCMion of 5.85 r DNA and it s two interg~nic spacers ITSl and ITSl, 
followed by th~ subsequent dige<t;on af PCR praducts with ",strict;on 
endonuc l eM~ Rsa L The ITS1-S .8S -ITSl reg ion was ampl ir.ed from all B5 
l.ol.te. of the Aspergi llus "ig~r . gg r~ ga t~ . Product si"~ was abou t 600 bp 
( 596- 600 bp) _ Th. rest riction patte rns abta ined rmm th is ampl ifi ed reg jon 
with en.yme Rsa I W~ r~ compared with those f ro m the st rains A. tubingensis 
CECT 20393 and A. nigee CECT 2807 supplied by the CE CT, Figure 1 sh ows 
th" results obtained for four isolates or A. tubi"g eflSis and one ise late or A, 
niger_ OTA WH d~tected in cultu res or A. rubingensis, 

As c~n be seen , enzyme Rs~ I doe. not cut the PCR produ~t This 
resu lt w~s the s~me for ~ II A tubi"g~"sis iso l at~ s (T - p.tt~r n) rega rdless of 
th~i r c~p" city for producing OTA, Two f rogment. of 523 Md 75 bp (N ­
~"ttem) wore obt~ in cd from ~ II A. nigeriso lM es in the ;;~me conditions . The 
PCR-RfLPs fo r A. nigec i sol~te 6062 from the 6Qb~ 1 g r.p ~ v. ri~ty can toe s~en 
In Fi~ u re I. No i sol~t~ d i spl~yi ng the N - p~tte rn w3s OTA prOducer, A5 can be 
observed , the T- M d N - p~ttcrns of i. ol ote. of Asp ergilluS nig<!c aggrega te 
f ro m gr.pes we re Id~ ntic~ 1 to the pMterns o bt. i n~ d fra m strains A. 
t ubing~n5is CECT 2039 3 ~n d A. niger CECT 2807, respectiv ely _ 
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Of an overall 205 Aspergillus <..etl"" Nigri Isolates that were tested for 
OTA produc;tlon using yeast u tract -5UCl"O'le brotl'l (YES; 2% yeast n tract, 
lS'lb sucrose) supplemented will> 5% !)e.e pollen to Increase OTA production, 
92 of them were able to produce this toxin. Ell/tory-nine Of tnHe Isolates 
were dusifled n A. a.rbol'olm~ whil .. tt,,, rema ining 3 _re classln .. d a. A 
tubingensls. OTA was not ddccted in A. ni<jef"wltures (Table 2). 

I .... ', o, .. ~"" ~"" ~~_,",;rl [",*, .. ~grnoo'II_'" 50"'''_ co,,",'" '" oH" c"""" _ ,.,... f!V;) .. "'" -.~ "'''' 5 ... ... "", .... 0.."" .. """,It •• ,,,,, 2. 
do,.. .. "..: ... 'M .. t<, 

'>l ''' ... .. ",. 

· ... ,,_u, , ..................... " ,._ 
.6.nalysls Dy Le·lon u-ap-MS-MS of the uttacts con(\rmed the Identity of 

OTA In CUlturH. The peaks produced by the {M+ H]. Ion (mJz 404) and the 
[(M+H).· HCOOH) Ion (m/. 358) we n: observed In the mas" spectra of the 
OTA standard and the cultures where OTA waS previously detected by lC­
Huorescence detect,on . 
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I!va(uatlon of natamyc in for controlling fU llg81 growth .",d OTA 
producUOII 

'" 

Inll;lal studies were c.arrled out on malt extract agar and grape Julce­
base me<lJum . t 250<: Bnd approx. O.gg a •• On the former medium no growth 
occuOTed <It >1) .5 ~g nBtamydn,lml whi le 0f1 grape -Juice based medium no 
growth occurred at :.0 .25 ~g natamydn,lm1. Thus, detailed studies were 
subsequently tin-ied out Over a narrow range of contente. tions of nata mycin 
to eumlnc emcacy on growth and OTA production. 

Figu re Z shows .n example of the linear regrns ion of t he te mporal 
myce lia l e xtens ion In rela tion to diffe re nt "atam ycln and water ava il abil ity 
conditions for a strain . At 20 ng(ml. the myce lia l growth of a stra in of A. 
Cl/lrl>oflllrlU5 Wl$ inh ibited , 

The emcacy wa , InHuenced by a~ a nd temperaturE. The re were some 
differences between the emca cy with regard to the strains. Growth was 
sometimes faster at Iowa. a nd very low concentrations 01 nata mycin (1-5 
"S/ml), especially a t 21)·25 OC. Growth was Inh ibited most effectively M lSoC 
OIIcr the wIIole a~ .... nge tested. 
r._ ... l tllwrd_ l l0 ""''''') .... '""«<1 ... ...... . ........... '" A ~.., ..... ,,_ 
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Fi gure 3 show. the effect of n~tamyc i n level, • • ~nd t~mper~ture on 
tn ~ growth ra te 01 A. c"rbonMius. It can be seen th~t t~e efficacy 01 very I D~ 
concentr.tions of this fung ic i d ~ on lung31 growth depends on " . an 

temper~tLlre , 
"0" ~ ~ str ainS showed th.t The resu lts obtained with t"e , p rOuUCln ~ 

n~tamyc i n "t 5- 10 nglml inhibited growth or A "«rbonar/us .In w ltu res ~ t 
0 98 -094 3w ~nd 250C. However, ~t 20 oC, OTII productIOn ,,~s on y 
S i'g~ir!C~~ tIY inhibited us ing 10 nglmi. At least th Is con ce~r~i,on ~h~U~~ ~e 
aaded to the med ium to ensure t he .b;;ence 01 QTA at . ~n , w 

( D ~ta not ;;hown) , . 
meet " ,,>t. my,,", on . '"',., ,.," of k c" "",,.rius on • ,,-0 ..--. ". 1"''' <" .. er .,.., ,,, om •• 

F •• ,,,, ,,-,S-,c ....., O.O"-O ,.~ ... 
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• 
• 
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FLJN~' C""""CT' RISATION 

4. CONCLUSIONS 

Before this report, A. tubim;ensis had not been found to be ~ble to 
produce OTA. However, I ~ this wor k, th re~ OTA-pro duc ing Isol.tes (two fro m 
t he Bobal grape v~ ri~ty, and on e from the Monastcel l) w~n: lound. 

The results obt" in ~d Irem in c'j/ro cu ltu res ef 205 i . ·ol. tes of specie. in 
ASp"rglllus section Nigri showed th.t 74 .2 % of !I. cMbon~rius isolates and 
14.3 % of A WbimJemis i 501 ~tes were capable 01 producing OTA at leve ls 
ranging lrom 1.2 to 3531 nglml, and I ro m 46 .4 to 111.5 ng/ml, respectively , 
No isol ate of A. niger showed OTA producing capa city und~r the experimental 
cond itions. A. carbonarius was the most frequently iso lated orh r~t ox i genic 

spec ies. 

N et~myc i n is very effective ~g~ i nst Iso l ~tes of A. cdrbonarius , 
Ge ner~ l ly, 20 -25 ng/m l completciy inh ibited the growth 01 the isolates 
ex~m in ed, reg~ rd l es5 of w, l ronment~ 1 cond it ion5 , However, the efficocy of 
,ery low co ncentr~tions on growth ~nd OTA control depended on both do and 
tcmper~tu rc . At 25Q

( growth inh ibit ion w~s cffectivc M 5-10 ng/ml .nd 
0.98 - 0.94 ~." At 200(, OTA production w~s only significantly in hlbit~d by 10 
nglml at 0 .96 'nd 0 .94 h. 
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