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Eurotium spp. isolated from locally grown barley in Saudi Arabia
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ABSTRACT
In a survey of the occurrence of ochratoxin A isolated from locally grown barley in
Saudi Arabia, three species of the genera Eurotium were obtained. The isolates were
screened for their ability to produce ochratoxin A in three dierent media including
Potato Dextrose Agar (PDA), Yeast Extract Sucrose (YES) broth as arti®cial media and
autoclaved barley kernels (Hordeum vulgare Linn) as a natural medium. Ochratoxin A
production by the isolated species was veri®ed by means of thin-layer chromatography
and high-performence liquid chromatography (HPLC). Results showed that all the three
isolates were found to produce ochratoxin A in dierent concentrations. quantities of
ochratoxin A detected in YES produced by E. amstelodami, E. herbariorum and
Eurotium spp were 138.21, 302.17 and 245.25 mg 1-1, respectively. In PDA, only E.
amstelodami and Eurotium spp were able to produce ochratoxin A at concentrations of
97.14 mg 1-1 and 205.13 mg 1-1, respectively. Ochratoxin A produced on barley medium
was 165.14, 121.39 and 214.77 mg kg-1 for Eurotium spp, E. amstelodami and E.
herbariorum, respectively. This is the ®rst report of ochratoxin A production by E.
amstelodami and Eurotium spp.
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INTRODUCTION
Molds including several fungal species in the genera Aspergillus, Eurotium and
Penicillium are widely distributed in nature and commonly contaminate crops
and foods. They have the ability to cause signi®cant health problems in animals
and humans that consume contaminated foods. Numerous strains of Aspergillus
and Penicillium were found to be toxigenic and have been reported to produce
ochratoxins associated with a variety of health problems in animals and
humans. Ochratoxins are composed of a group of seven isocoumarin derivatives
linked with an amide bond to the amino group of L- -phenylalanine (Blunden
et al. 1991). Ochratoxins contaminate varieties of plant, food commodities and
animal products, but are most often found on grains, cereals, coee and bread
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(Speijers & Van Egmond 1993). Mycological, chemical and toxicological studies
pointed out that ochratoxin A (OTA) {(R)-N-[5-chloro-3,4-dihydro-8-hydroxy3-methyl-1-oxo-1H-2-benzopyran-7-yl)carbonyl]-L-phenylalanine} is the most
prevalent and has clearly been shown to be a toxic substance, with rephrotoxic,
immunosuppressive, teratogenic, genotoxic, mutagenic and carcinogenic eects
in a wide spectrum of species (Boorman et al. 1984, Kittane et al. 1984, KuiperGoodman & Scott 1989, Gekle & Silbernagl 1993, IARC 1993, KuiperGoodman et al. 1993, Pohland 1993, Jonsyn et al. 1995).
Although OTA was discovered in 1965 as a secondary metabolite of
Aspergillus ochraceus strains, in subsequent years, several other strains of
Aspergillus, Penicillium and Eurotium herbariorum became established as OTA
producers (Betina 1984, Chelkowski et al. 1987). To our knowledge, there is no
information indicating whether isolates of Eurotium from Saudi Arabia are
capable of producing OTA on barley. Thus, the objective of the present study
was to screen quantitatively for the ability of isolates of Eurotium from barley
locally grown in Saudi Arabia to produce OTA in arti®cal and natural culture
media.

MATERIALS AND METHODS
Eurotium species isolation
Eurotium species were isolated by placing intact seeds of uniform size of barley
(Hordeum vulgare Linn), after surface-disinfecting with 1% sodium hypochlorite
for 10 min, on potato dextrose agar (PDA) and incubating plates at 25, 37 and
458C for 6 to 10 days. The identity of these species was determined by the
method of Raper and Fennell (1965), Klich and Pitt (1988), and Kozakiewicz
(1989). Identity of the isolates was con®rmed by MS. KEMIN Europa N. V.
(Industriezone Wolfstee, 2410 Herentals, Belgium).

OTA production
For OTA production identi®ed species of Eurotium were grown on PDA slant,
yeast extract sucrose (YES) broth (2% yeast extract, 15% sucrose) and on
untreated autoclaved barley grains. Dense conidial suspensions (0.1 ml, 106-107
spores cm-3) were inoculated onto 5ml of PDA and YES broth contained in 15ml vials. Barley grains (25g in Erlenmeyer ¯asks) were inoculated, with 1 ml of
conidial suspension, after autoclaving and adjusting the moisture content to
23%. The inoculated media were incubated in the dark at 258C for 7 days (AlJulai® & Al-Khaliel 1993).
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OTA extraction and cleanup procedure
After incubation, spores on PDA and YES were killed by autoclaving the vials
for 30s at 1218C. OTA was extrated twice with 5ml of hot chloroform and the
combined extracts were dried over anhydrous sodium sulfate, then evaporated
to dryness (Scott et al. 1970, Bullerman 1974, Tsai et al. 1984). Barley cultures
were dried in the oven at 1048C for 24 hours. Twenty-®ve grams of the
untreated barley sample and the barley cultures were ®nely ground and
extracted as described by Lepom (1986) with modi®cations as follows. All of the
¯ask content was extracted with 100 ml of methylene chloride plus 12.5 ml
H3PO4 (0.1%) followed by mechanical agitation for 3 min. The mixture was
®ltered through Whatman ®lter paper No. 4. Five milliliter of the extract was
pipetted into a 15 ml culture tube, 4 ml of hexane was added and the mixture
was vortex for 10s. The mixture was puri®ed by transferring it to a Romer Lab
MycoSep column no. C212 (Romer Lab., Inc., Union, MO, USA) attached to a
vacuum apparatus. The ¯ow rate was 2 ml min-1. Afterwards, the column was
washed with 15 ml methylene chloride and ¯ushed with 20 ml methylene
chloride-formic acid (99:1, vol/vol). The eluent was collected and evaporated to
dryness at a temperature of 608C.

Analysis of OTA
Analyses of the puri®ed extracts for OTA were conducted by thin-layer
chromatography (TLC) and high-performance liquid chromatography (HPLC).
The residue was re-dissolved in 500 ml HPLC - grade toluene-acetic acid (99:1,
vol/vol). Produced OTA was determined on a Whatman Silica Gel 60 A TLC
aluminum sheet (Cat. No. 4861 820) after activation for 1 h at 1008C. Eighty
microliters of the extract were spotted on the TLC plate and develped in 100 ml
of toluene-methanol-acetic acid (18:1:1, vol/vol/vol). The positive samples were
identi®ed by visual comparison of the fuorescence intensity of the sample with
appropriate reference standards, including internal standars, at wavelenghs of
366 and 254 nm. OTA formed a blue green ¯uorescence spot under long wave
UV light and bright blue green under short wave UV with an R f at
approximately 0.6. The ¯uorescence turned bright blue on treatment with
ammonia. Spraying the plate with 10% alumminium chloride in methanol
increased the ¯uorescence intensity (Waldi 1969, Scott et al. 1970). The identity
and amount of OTA was con®rmed by HPLC using a HP 1100 system. The
instrument consisted of a vacuum degasser (G1322A), binary pump (G1312A),
autosampler (G1313A), thermostated column compartment (G1316A), diode
array detector (G1315A) and ¯uorescence detector (G1321A). Separations were
achieved on a Lichrospher clolumn (100 RP18 125 by 4-mm id, 5 mm, HP) using
water with 2% acetic acid-acetonitrile (1:1, vol/vol) as an isocratic mobile phase
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at a ¯ow rate of 1 ml min-1 with a column temperature of 408C. The diode array
detector wavelength was recorded at 236 nm with 20 nm bandwidth. The
¯uorescence detector was recorded at excitation (Ex ) 236 nm and emission
(Ex ) 464 nm. Quantitation was done by comparison with reference standars.

RESULTS AND DISCUSSION
Three fungal species of the genera Eurotium were isolated and identi®ed as E.
amstelodami, E. herbariorum and Eurotium spp. Since OTA had not previously
been reported as a metabolite of most species in Eurotium genera, the three
isolates were tested for their ability to product OTA on three laboratory media
including PDA, YES and barley. OTA production was quanti®ed using TLC
and con®rmation was obtained by HPLC. In YES cultures, results showed OTA
production by all of the Eurotium species tested. E. amstelodami, E. herbariorum
and Eurotium spp produced 138.21, 302.17 and 245.25 mg 1-1, respectively.
Although the OTA produced by these species was low, which means that they
are weak producer species, the concentrations produced are quite similar to
those reported from the species of Aspergillus ochraceus and Eurotium
herbariorum (Chelkowski et al. 1987, Cvetnic & Pepelijnjak 1990, Ranjan &
Sinha 1991). In PDA cultures, the OTA concentrations detected were 97.14 mg
1-1 (E. amstelodami) and 205.13 mg 1-1 (Eurotum spp). No detectable amount of
OTA was found with E. herbariorum. Thus, PDA could be not suitable as a
media for OTA production by this isolate.
Although Eurotium species are common in homes, stored grains, and rodent
dwellings, some of them, including E. amstelodami, E. herbariorum and
Eurotium spp, are widely distributed in dierent varieties of substrates.
Moreover, there were no toxic metabolites in naturally occurring cereals
produced by most of them (Chelkowski 1991). The results from this study
showed quantities of OTA produced on barley medium ranging from 165.14 to
214.77 mg kg-1. E. herbariorum produced the highest amount (214.77 mg kg-1)
followed by Eurotium spp (121.39 mg kg-1).
Since Eurotium species including E. amstelodami and Eurotium spp are fungi
considered as allergenic, no toxic or invasive diseases have been reported to
date. But of these species, OTA was detected only from cereal contaminated
with E. herbariorum (Chelkowski et al. 1987). This is the ®rst report of E.
amstelodami and Eurotium spp. being capalbe of producing OTA. Further
studies of the production of OTA in grains and feedstus under natural ®eld
conditions should be carried out. Thus, contamination of food and feedstus
destined for human and animal consumption with the common fungus E.
amstelodami, E. herbariorum and Eurotium spp indicates a serious potential
danger to both human and animal health. Therefore, monitoring of grains for
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OTA determination when Eurotium species are isolated should be a matter of
concern to local countries.

REFERENCES
Al-Julai®, M.Z. & Al-Khaliel, A.S. 1993. Ochratoxin A production in locally grown barley in Saudi
Arabia. biological Sciences 2: 61-66.
Betina, V. (ed.). 1984. Mycotoxins: production, isolation, separation and puri®cation. Elsevier
Science Publishers, Amsterdam, The Netherlands.
Blunden, G. Roch, O.G., Rogers, D.J., Coker, R.D., Bradburn, N. & John, A.E. 1991. Mycotoxins
in food. Medical Laboratory Sciences 48: 271-282.
Boorman, G.A., Hong, H.L., Dieter, M.P., Hayes, H.T., Pohland, A.E., Stack, M. & Luster, M.I.
1984. Myclotoxicity and macrophage alteration in mice exposed to ochratoxin A. Toxicology
and Applied Pharmacology 72: 304.312.
Bullerman, L.B. 1974. A screening medium and method to detect several mycotoxins in mold
cultures. Journal of Milk and Food Technology 37: 1-3.
Chelkowski, J. (ed.). 1991. Cereal grain. Mycotoxins, fungi and quality in drying and stroage.
Elsevier Science Publishers, Amsterdam, The Netherlands.
Chelkowski, J., Samson, R.A., Wiewiorowska, M. & Golinski, P. 1987. Ochratoxin A formation by
isolated strains of the conidial stage of Aspergillus glaucus Link ex Gery [=Eurotium
herbariorum (Wiggers) Link ex Greh] from cereal grains. die Nahrung 31: 267-270.
Cvetnic, Z & Pepelijnjak S, 1990. Ochratoxigenicity of Aspergillus ochraceus strains from
nephropathic and non-nephropathic areas in Yugoslavia. Mycopathology 110: 93-99.
Gekle, M. & Silbernagl, S. 1993. Mechanism of ochratoxin A-induced reduction of glomerular
®ltration rate in rats. Journal of Pharmacology and Experimental Therapy 267: 316-321.
IARC, 1993. Monograph on the evaluation of carcinogenic risk to human: Some naturally
occurring substances: Some food, tons and constituents, heterocyclic aromatic amines and
mycotoxins. Ochratoxin A (IARC, ed.), No 56, Lyon, France.
Honsyn, F.E., Maxwell, S.M. & Hendrickse, R.G. 1995. Human fetal exposure to ochratoxin and
a¯atoxin. Annuals of Tropical Paediatrics 15: 3-9.
Kittane, M., Stein, A.O., Berndt, W.O. & Phillips, T.D. 1984. Teratogenic eect of ochratoxin A in
rats with impaired renal function. Toxicology 32: 277-285.
Klich, M.A. & Pitt, J.I. 1988. A laboratory guide to common Aspergillus species and their
teleomorphs. CSIRO Division of Food Processing, North Ryde, New South Wales, Australia.
Kozakiewicz, Z. 1989. Aspergillus species on stored products. Mycological Papers 161: 1-188.
Kuiper-Goodman, T., Ominski, K., Marquardt, R.R., Malcolm, M.S., McMullen, E., Lombaert,
G.A. & Morton, T. 1993. Estimating human exposure to ochratoxin A in Canada. In: Human
Ochratoxicosis and its Pathologies. Creppy, E.F. Castegnaro, M., Dirheimer, G. (Eds.) Colloque
INSRM, No. 231, Libbey Eurotech, London. pp. 167-174.
Kuiper-Goodman, T. & Scott, P.M. 1989. Risk assessment of the mycotoxin ochratoxin A.
Biomedical Envrionmental Science 2: 179-248.
Lepom, P. 1986. Simultaneous determination of the mycotoxins citrinin and ochratoxin A in wheat
and barley by high-performance liquid chromatography. Journal of Chromatography 355: 335-339.
Pohland, A.E. 1993. Mycotoxins in review. Food Additive Contamination 10: 17-28.
Ranjan, K.S. & Sinha, A.K. 1991. Occurrence of mycotoxigenic fungi and mycotoxins in animal
feed from Bilhar, India. Journal of the Science of Food and Agriculture 56: 39-47.

64

Mohammed Z. Al-Julai®

Raper, K.B. & Fennell, D.I. 1965. The genus Aspergillus. The Williams & Wilkins Co., Baltimore,
MD, USA.
Scott, P.M., Lawrence, J.W. & Vanbeek, W. 1970. Detection of mycotoxins by thin-layer
chromatography: application to screening of fungal extracts. Applied Microbiology 20: 839-842.
Speijers, G.J.A. & Van Egmond, H.P. 1993. Worldwide ochratoxin A levels in food and feeds.
Colloq. INSERM. 231: 85-100.
Tsai, W.J., Lambert, J.D. & Bullerman, L.B. 1984. Simpli®ed method for microscale production
and quanti®cation of a¯atoxin in broth. Journal of Food Protection 47: 526-529.
Waldi, D. 1969. Spray reagents for thin-layer chromatography. In: Stahl, E. (Ed.). Thin-layer
Chromatography: A Laboratory Handbook. Springer International Student Edition, SpringerVerlag, Berlin.

Submitted :
Revised :
Accepted :

20/3/2002
15/6/2003
25/6/2003

Ochratoxin a production by Eurotium amstelodami and Eurotium spp. isolated from locally grown barley in Saudi Arabia

65

,|GO(z+AT+|C ~+VhQ* G ,@Qap ?aSG(< C #+Tv(@GQvh}G ~S L9A!E
k
9+zJ| YhQR| Q+gV #| ?yhRg}yG RW+=S ~+VhQ* Gh
?*O(gTyG ?+<QgyG ?wz}}yG ,p
,q+zGyG O}J|
g9+}yGh ?fGQRyG K9J<} ,"_(yG RvQ}yG
?*O(gTyG ?+<QgyG ?wz}}yG ,V9*QyG ,31623 .H.U

? Y ;L
k
r*Qg@h dRf ~@ ,?*O(gTyG ?+<QgyG ?wz}}yG ,p 9+zJ| YhQR| Q+gV d(ZJ| #|
)zf ?*QaqyG YG(!}G xz@ IQOt| ?SGQOyh .~+VhQ* G U"Gy ?g<9@ ?*Qap YG(!C K;C
#+A8+=yG ,p BzD}@ ?qzAM| J98+< K;C )zf J:RgyG B+}! ,C #+Tv(@GQvh}G ~S RGQpE
RhQvwvTvy9v< IQv+v}vMvyG [vzvMvAvTv| ,(PDA) RhQvAvTvvOvyG hv| Uv_9vav=vyG Q9vFB #v+vAv+vf9v"vZvyG
.?v+vgv+v=v_ ?v8v+v=vv ~v+vtvgvAvyG Ovgv< (Hordeum vulgare Linn) Qv+vgvWvyG H(v=vI ?v8v+v<h ,(YES)
,pGQi(@9|hQwyG {ZqyG MG(yC ?t*Q_ Bg=@G ,C #+Tv(@GQvh}G ~S Q*Ot@h r*QgAyh
.(HPLC) R9G! G ,y9f {F9TyG ,pGQi(@9|hQwyGh (TLC)
J9+}w< C #+Tv(@GQvh}G ~S L9A!E )zf K;DyG J:RgyG IQOt| HF9A"yG JQ%cC
RhQwTy9< IQ+}MyG [zMAT| ?8+< #| 9%+zf d(ZJ}yG ~TyG ?+}v JQOs E+I .?@h9qA|
~+VhQ* Gh eQ(*Q9<Q+$ ~+VhQ*E ,,|GO(z+AT+|C ~+VhQ*E ?*QaqyG YG(!}G #| IRQq}yGh
?8+< )zfh .,yG(AyG )zf ,QAy/eGQFhQw+| 245,25h 302,17 ,138,21 J9+}wy9< RW+=S
RW+=S ~+VhQ* Gh ,|GO(z+AT+|C ~+VhQ*E #+@QaqyG btp ,RhQATvOyG h| U_9a=yG Q9FB
Otp Q+gWyG ?8+< )zf 9|C .,yG(AyG )zf ,QAy/eGQFhQw+| 205,13h 97,14 RGQpE #| 9A"w}@
214,77h 121,39 ,165,14 J9v+v}vwvyG L9vAv!E #v| ?vyhRvgv}vyG J9v*QvavqvyG hv+v}vF Bv"vwv}v@
,eQ(*Q9<Q+$ ~+VhQ*E ,,|GO(z+AT+|C ~+VhQ*E ,RW+=S ~+VhQ*5y ~Gv/eGQFhQw+|
~v +v VhQv *E #v +v @Qv av qv yG IQOv tv | {v +v Gv Tv @ ~v Av * IQv | dh} &v !C ,v "v gv * GPv $ .,v yG(v Av yG )v zv f
.C #+Tv(@GQvh}G ~S RGQpE )zf RW+=S ~+VhQ* Gh ,,|GO(z+AT+|C

