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TAXONOMY OF FUSARIUM GENUS, A CONTINUOUS
FIGHT BETWEEN LUMPERS AND SPLITTERS

ABSTRACT: The genus Fusarium comprises a high number of fungal species that
can be plant-pathogenic, causing diseases in several agriculturally important crops including
cereals, and also can be harmful for humans and animals since many of them are toxigenic.

The identification of mycotoxigenic Fusarium species still remains a most critical
issue, given that the number of species recognized in the genus has been constantly chang-
ing in the last century in accordance with the different taxonomic systems. Together with
the morphological identification, current criteria for Fusarium species identification are also
based on biological and phylogenetic species recognition. However these criteria rarely
agree to each other. Therefore, it is still a charming scientific challenge to ascertain the
taxonomic status of Fusarium species, which in the years have been continuously ,,splitted”
and ,Jumpered” by scientists. The major cases of the taxonomic debates amongst the Fu-
sarium community will be here discussed.

KEY WORDS: Gibberella, morhology, biological identification, phylogeny.

INTRODUCTION

The genus Fusarium comprises a high number of fungal species that can
be plant-pathogenic, causing diseases in several agriculturally important crops,
including cereals, and can also be harmful for humans and animals. Many of
them produce a wide range of biologically active secondary metabolites (e. g.
mycotoxins) with extraordinary chemical diversity. The biological activity of
Fusarium mycotoxins can be detrimental to plants, and it is associated with
cancer and other diseases in humans and domesticated animals. The combined
effect of Fusarium species infecting several crops and producing mycotoxins
in the field is the contamination of cereal grains and other plant-based foods.
With many pathogenic and opportunistic species of the genus colonizing plants
as a part of the complex of Fusarium species, it provides an interesting
example of biodiversity, as well as the consequences of different environ-
mental conditions that exist in the various agro-ecosystems in which crops are
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cultivated. These conditions can also influence the fungal-plant interactions of
the single species and their capability to produce mycotoxins. Moreover, the
ability of various Fusarium species within the complexes to produce different
classes of secondary metabolites combined with their ability to coexist in the
same host or/and occur in quick succession have allowed these complexes to
become ,.invincible armadas” against many plants.! Plant infections by Fusa-
rium can occur at all developmental stages, from germinating seeds to mature
vegetative tissues, depending on the host plant and Fusarium species involved.
Therefore, since most Fusarium species have specific mycotoxin profiles, early
and accurate identification of the Fusarium species occurring in the plants, at
every step of their growth, is critical to predict the potential toxicological risk
to which plants are exposed and to prevent toxins entering the food chain.
However, the unambiguous identification of mycotoxigenic Fusarium species
still remains a most critical issue, given that the number of species (which
stands now over 80)> recognised in the genus was constantly changing during
the last century in accordance with the different taxonomic systems. Further-
more, this genus is provided of few morphological characters useful for spe-
cies discrimination based only on traditional technique, although, fortunately,
some of the most important toxigenic and pathogenic Fusarium species can be
diagnosed, with some experience, by using only their morphological traits.
Considering that the current criteria for Fusarium species identification (e. g.
morphological (MSR),># biological (BSR)® and phylogenetic species recogni-
tion (PSR)®) rarely concur, and that, out of 101 most economically important
plants, 81 have at least one plant associated with Fusarium disease,> along
with the fact that each Fusarium species keeps its own toxicological profile,” it
is a challenge to ascertain the taxonomic status of Fusarium species on their
phenotypical characteristics (including pathogenicity and toxigenicity) alone
(www.apsnet.org/online/common/search.asp).

41.1.1. Classification and morphology of Fusarium

The genus Fusarium belongs to the Ascomycota phylum, Ascomycetes
class, Hypocreales order,® while the teleomorphs of Fusarium species are
mostly classified in the genus Gibberella, and for a smaller number of species,
Hemanectria and Albonectria genera. For a complete review of the main
taxonomic systems that have contributed to the defining of the modern taxo-
nomy of Fusarium, see the excellent work of Leslie and Summerell,> which
contains an updated description, not only morphological, of 70 species within
the genus.

The main approach for the Fusarium classification is still morphology,
and the primary trait for species to be placed in Fusarium genus is the occur-
rence of the asexual spores, the distinctive banana-shaped macroconidia, firstly
diagnosed by Link.° Fusarium species produce three types of spores: macro-
conidia, microconidia and chlamydospores.> Septated macroconidia can be pro-
duced on monophialides and polyphialides in the aerial mycelium, but also on
short monophialides in specialized structures called sporodochia.!® A mono-
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phialide is a conidiation cell with a unique pore from which the endoconidia
are released; a polyphialide can possess several such openings. Microconidia
can vary in shape and size, and are produced in the aerial mycelium in clumps
or chains, both on monophialides and polyphialides. Finally, chlamydospores
are resistance structures with thickened walls and high lipid content; in the
case of their presence, they can form in the middle of the hyphae or at their
termini. The different shape of macroconidia remains the most important fea-
ture for distinguishing the species. Moreover, other traits, such as the pre-
sence/absence of microconidia and their shape, the presence/absence of chla-
mydospores, and the characteristics of the micro- and macro-conidiogenous
cells, contribute to distinguishing species in Fusarium. In order to identify the
species, all taxonomists suggest the use of strain cultures derived from single-
-spore isolation, and growing the strains on special media under standard incu-
bation conditions. All taxonomic systems developed so far are based on a se-
minal work by Wollenweber and Reinking!! with various modifications.* 12
This publication organized the genus in 16 Sections, including 65 species, 55
varieties and 22 forms. The main discriminating criteria among the Sections
were based on morphology; in particular, on the presence and shape of micro-
conidia, on the presence and position of chlamydospores in the hyphae, on the
shape of macroconidia and their basal cells. The taxonomic system described
by Gerlach and Nirenberg® kept the number of the Sections as Wollenweber
and Reinking, while Nelson et al.* proposed a simpler classification method
that divided the genus in 12 Sections. Although the main taxonomic systems
have organized the Sections with species sharing common morphological cha-
racteristics, thus, supposedly genetically related, not all researchers accept this
Section concept since some of the used morphological characteristics are now
considered of poor reliability from an evolutionary point of view, according to
the recent molecular investigations. On the other hand, the classification of
Fusarium species has still a number of open question marks that need to be
solved and should require the use of all species recognition methods in an in-
tegrated approach.

The G. fujikuroi species complex. Gibberella fujikuroi (Sawada) Ito in Ito
e K. Kimura has long been considered the teleomorph of several Fusarium
species, morphologically placed by Nelson et al. in the Liseola section.* With-
in this complex, Nelson et al.* comprised 4 anamorphic species, including the
maize pathogens, F. moniliforme, F. proliferatum, and F. subglutinans, and a
minor species, F. anthophilum. On the other hand, Gerlach and Nirenberg?
identified 10 species in Section Liseola and adopted the name of F. verticillio-
ides (Sacc.) Nirenberg (teleomorph Gibberella moniliformis), instead of F. mo-
niliforme, as generally accepted by the research community of Fusarium.® As
for many other fungal phyla, taxonomic results based on MSR, BSR and PSR
(see Introduction) have recently started being compared also for G. fujikuroi
species complex. According to BSR, many reports have now clarified that G.
Sfujikuroi species complex includes at least 11 different biological species or
Mating Populations (MPs): MP-A (G. moniliformis, anamorph F. verticillio-
ides), MP-B (G. sacchari anamorph F. sacchari), MP-C (G. fujikuroi ana-
morph F. fujikuroi), MP-D (G. intermedia anamorph F. proliferatum), MP-E
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(G. subglutinans anamorph F. subglutinans), MP-F (G. thapsina anamorph F.
thapsinum), MP-G (G. nygamai anamorph F. nygamai), MP-H (G. circinata
anamorph F. circinatum), MP-1 (G. konza anamorph F. konzum), MP-J (G. ga-
ditjirrii anamorph F. gaditjirrii), and MP-K (G. xylarioides anamorph F. xyla-
rioides).” The results of sexual crosses, integrated with morphological observa-
tions and molecular data by using RAPD, AFLP, RFLP and DNA sequen
cing,% 14—17 have shown that the results of the three classification methods (bio-
logical, morphological, phylogenetic) are largely congruent. However, phylo-
genetic analyses carried out by O’Donnell et al.'* using several genes, among
which b-tubulin and calmodulin, revealed 46 species in the G. fujikuroi com-
plex, of which 23 are new to science. Among the 46 species, the 11 species
identified by using biological species concept have been reported identical to
the phylogenetic species, which indicates that phylogenetic approach can pro-
vide the same information as biological approach and that other MPs still need
to be identified.

The F. graminearum species complex. The recent re-classification of F.
graminearum (teleomorph, G. zeae), a worldwide pathogen of wheat and maize,
is controversial. Fusarium graminearum produces several mycotoxins, mainly
trichothecenes, which are tricyclic sesquiterpenes, that have been strongly as-
sociated with chronic and fatal toxicoses of humans and animals, and zearale-
nones, which have estrogenic activity.” Fusarium graminearum produces mul-
tiple trichothecene analogues, in particular deoxynivalenol (DON) and niva-
lenol (NIV), and their acetylated derivatives, 3-acetil-DON (3A-DON) and
15-acetil-DON (15A-DON). Within this species, strains differ in their tricho-
thecene production profiles; some strain produce DON, some produce NIV,
and others produce DON and NIV. Such chemotype diversity within F. grami-
nearum is a result of loss of gene function. DNA sequence-based phylogenetic
analysis of F. graminearum field isolates from six continents delineated eight
phylogenetically distinct lineages that were considered biogeographically struc-
tured.'®* Among the lineages, lineage 7 was considered as the most geographi-
cally widespread, predominating on wheat and maize in North and South
America, and in Europe, producing primarily DON.!® The lineages were consi-
dered genetically isolated because each was reciprocally monophyletic within
genealogies when the six nuclear genes were analyzed both individually and
together. Further studies based on DNA sequence polymorphisms from eleven
nuclear genes and three intergenic regions led O’Donnell et al.'® to describe
nine lineages within F. graminearum clade and to elevate these lineages to the
rank of species. Finally, Starkey et al.?® described two novel species within the
F. graminearum species complex based on phylogenetic analyses of multi-lo-
cus DNA sequence data of 13 genes. However, not all Fusarium researchers
agree with the division of F. graminearum into multiple species. Some autho-
rities considered the lineages to be subspecies rather than species.? This opi-
nion was supported by the finding that in general, isolates from partially inter-
-fertile phylogenetic species tend to have AFLP band identities in the range of
40—65%, and that F. asiaticum and F. graminearum have AFLP band identi-
ties of 50%. Moreover, only three of the nine lineages show conidial morpho-
logy traits useful for differentiating them, and there is no correlation between
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lineages and specific mycotoxin profile.!3- 1% 2! Finally, sequencing a portion of
tril01 gene of 400 strains of the F. graminearum species complex, Leslie et
al.?? generated both a phylogenetic tree and a genetic network that led the
authors to a conclusion that ,.there is only a single species within F. graminea-
rum/G. zeae”. Due to these apparently contradictory data, additional studies
are necessary to determine whether the different lineages of F. graminearum
represent distinct phylogenetic species or subspecies lineages. Such studies
should also provide insight into the practical implications dividing F. grami-
nearum into multiple species with respect to disease management, quarantine
regulations and plant breeding strategies, and to understand the ecology, epi-
demiology, and population dynamics of F. graminearum species complex.

The third case, Fusarium oxysporum: a species complex? Fusarium oxy-
sporum is a plant pathogen causing a wide range of plant diseases mainly re-
lated to vascular wilts. However, within the species, many populations isolated
mainly from soil have been shown as non pathogenic and they are used as
bio-control agents against several diseases also caused by Fusarium species.??
Morphologically, these strains cannot be differentiated from pathogenic strains,
although a wide genetic diversity of the population originating from soils has
been reported.??> On the other hand, the majority of the isolates causing vascu-
lar wilts are specific for a certain host plant. From taxonomic point of view,
these strains have differentiated from each other on the basis of pathogenicity
as formae speciales. Therefore, the identification of these strains traditionally
involves tests of pathogenicity with the appropriate hosts, which are time con-
suming and can require several months for some formae speciales. Moreover,
since pathogenicity is not an ancestral character, taxonomic distinctions of
strains based only on this are not reliable from an evolutionary point of view,
and formae speciales should not be considered monophyletic in origin. On the
other hand, the basis for formae speciales names need not be grounded in
traits that are monophyletic in origin 24> in order to avoid mistakes in breed-
ing for resistance, and to set up inappropriate quarantine measures.?
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TAKCOHOMMWIJA POIA FUSARIUM,
CTAJTHA BOPEA MEBY TAKCOHOMUCTUMA

Antonno H. Mopertu
Pesume

Pon Fusarium obyxBata BeJUK OpoOj IJbMBUYHMX BPCTa KOjeé MOTY OMTU ITaTOTeHe
3a OWJbKE M KOje M3a3MBajy 000JbeHha KO HEKOJIMKO BAKHUX MOJbOMPUBPEIHUX KYITY-
pa, YKbydyjyhu u KuUTapulie; a Kako je BehnHa HUX TOKCUIeHA, MOTY MCTO TaKO OUTU
IITETHE 32 Jbyle U KUBOTUHHE.

WneHTtuduxaiyja MUKOTOKCUTCHUX Fusarium BpCTa je joll yBEK IpoOJeMaThy-
Ha, ¢ 003UPOM Ha TO J1a ce Opoj MO3HATHMX BPCTA OBOTI PO/ia CTAIHO MEHA0 y TOKY
MPOIIIOT BeKa, a y CKJIaIy ca pa3TuYUTHUM TaKCOHOMCKUM CHCTeMMMa. Y3 Mopdoso-
1KY uaeHTUhUKAIWjy, TPEHYTHU KpUTEepUjyMu uiaeHTudukauuje Fusarium BpcTa ce
0a3upajy Ha MAeHTU(UKALIMjA OMOJOIIKUX U (WIOTeHEeTUUKUX BpcTa. Mehytum, oBu
KpuTepujymu ce petko melycobHo monmynapajy. M3 tor passora je yrBphuBame Takco-
HOMCKOT ctatyca Fusarium BpCTe MPaBM M3a30B, jep UX HAYYHULIM CBE O JaHAC pas-
BpPCTaBajy IO pa3jIMuUMTUM CUCTEMMMA KOjU WJIM MCTUUY CIMYHOCTU WIM MCTUYY pa3-
ke u3Mmel)y Bpcra. ¥ pamy he Outu pasMoTpeHe HeKe Of HajBaXKHMjUX HAYYHMX [Ie-
b6ata y Be3u ca Fusarium 3ajeTHULIOM.
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DETECTION METHODS FOR MYCOTOXINS
IN CEREAL GRAINS AND CEREAL PRODUCTS

ABSTRACT: Analytical methods for mycotoxins in cereals and cereal-based products
require three major steps, including extraction, clean-up (to eliminate interferences from
the extract and concentrate the analyte), and detection/determination of the toxin (by using
suitable analytical instruments/technologies). Clean-up is essential for the analysis of myco-
toxins at trace levels, and involves the use of solid phase extraction and multifunctional
(e.g. MycoSep®) or immunoaffinity columns. Different chromatographic methods are com-
monly used for quantitative determination of mycotoxins, including gas-chromatography
(GC) coupled with electron capture, flame ionization or mass spectrometry (MS) detectors
(mainly for type-A trichothecenes), and high-performance liquid chromatography (HPLC)
coupled with ultraviolet, diode array, fluorescence or MS detectors. The choice of method
depends on the matrix and the mycotoxin to be analyzed. Liquid chromatography-tandem
mass spectrometry (LC-MS/MS) is spreading rapidly as a promising technique for simul-
taneous screening, identification and quantitative determination of a large number of myco-
toxins. In addition, commercial immunometric assays, such as enzyme-linked immunosor-
bent assays (ELISA), are frequently used for screening purposes as well. Recently, a variety
of emerging methods have been proposed for the analysis of mycotoxins in cereals based on
novel technologies, including immunochromatography (i.e. lateral flow devices), fluore-
scence polarization immunoassays (FPIA), infrared spectroscopy (FT-NIR), molecularly im-
printed polymers (MIPs) and optical biosensors.

KEYWORDS: cereals, mycotoxins, rapid methods, clean-up, GC, HPLC, immuno-
assays, LC-MS/MS, molecularly imprinted polymers

INTRODUCTION

Major mycotoxins that can occur in cereal grains and cereal-based pro-
ducts are Fusarium mycotoxins, deoxynivalenol (occurring mainly in wheat,
maize, barley, oats, rye), T-2 and HT-2 toxins (oats, wheat, barley), zearale-
none (maize, wheat) and fumonisins (maize), and Aspergillus or Penicillium
mycotoxins, aflatoxins (maize) and ochratoxin A (maize, wheat, barley, rye).
Human or animal exposure to these natural contaminants can lead to acute or
chronic diseases, and in some cases death (Richard, 2007). According to
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the results of risk assessment studies (SCOOP projects), cereals and cereal-ba-
sed products are the main source of mycotoxin intakes by the EU population
(http://ec.europa.eu/food/food/chemicalsafety/contamin ants/index_en.htm). In or-
der to protect human health from exposure to these mycotoxins through the
consumption of cereal-based foods, the European Commission has recently
established regulatory limits for deoxynivalenol (DON), zearalenone (ZEA),
fumonisins (sum of FB, and FB,), aflatoxins (AFB, and sum of AFB,, AFB,,
AFG, and AFG,) and ochratoxin A (OTA) in raw cereals and derived products
intended for human consumption, while permissible levels of T-2 and HT-2
toxins in cereals are under discussion (European Commission 2006, 2007).

Analytical methods for rapid, sensitive, and accurate determination of
these mycotoxins in unprocessed cereals and cereal-based products are highly
needed in order to properly assess both the relevant risk of exposure and the
relevant toxicological risk for humans and animals, as well as to ensure that
regulatory levels fixed by the EU or other international organisations are met.
Analytical methods for mycotoxins in cereals and cereal-based products gene-
rally require toxin extraction from the matrix with an adequate extraction sol-
vent, a clean-up step intended to eliminate interference from the extract and,
finally, detection/determination of the toxin by suitable analytical instruments/
technologies. Chromatographic methods commonly used for quantitative deter-
mination of mycotoxins in cereals include high-performance liquid chromato-
graphy (HPLC) coupled with ultraviolet (UV), diode array (DAD), fluore-
scence (FD) or mass spectrometry (MS) detectors, and gas-chromatography
(GC) coupled with electron capture (ECD), flame ionization (FID) or MS de-
tectors. In addition, commercial immunometric assays, such as enzyme-linked
immunosorbent assays (ELISA) or membrane-based immunoassays, are fre-
quently used for screening purposes. Recently, a variety of rapid methods that
are emerging have been proposed for mycotoxin analyses. They are based on no-
vel technologies, including immunochromatography, fluorescence polarization,
infrared spectroscopy, molecularly imprinted polymers, and biosensors (She -
phard, 2008). This review deals with the current analytical methodologies,
traditional and emerging, available for the detection of main mycotoxins oc-
curring in cereals and cereal-based products.

Sample preparation (extraction and clean-up)

Mycotoxins are commonly extracted from ground cereals by shaking or
blending with mixtures of water or other polar solvents, such as methanol or
acetonitrile. Purification of the extract is an essential step in the analysis of
mycotoxins, especially when chromatographic techniques are used for their de-
termination at trace levels. Solid phase extraction (SPE), multifunctional clean-
-up columns, e.g. MycoSep®, and immunoaffinity columns (IACs) are fre-
quently used to clean-up the extracts of raw cereals, as well as cereal-proces-
sed products. MycoSep® columns are one of the most commonly used and
commercially available columns for removing analytical interferences from
raw extracts in one quick step (10—30 sec). The MycoSep® column contain-
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ing various adsorbents, such as charcoal, Celite and ion-exchange resins, is
pushed into a test tube (containing the extract) forcing the extract to filter
upwards through the packing adsorbent material. The interferences adhere to
the adsorbents in the column and the purified extract passes through a frit to
the surface of the column. These columns are often used for the simultaneous
and rapid clean-up of type A- and type B-trichothecenes, as well as AFs,
OTA, ZEA and FBs. Immunoaffinity columns are based on monoclonal or
polyclonal antibodies, and are commonly used for mycotoxin analyses. The
specificity of antibodies provides cleaner extracts, with respect to other me-
thods of purification, and good precision, accuracy and sensitivity of analytical
methods that use this clean-up procedure. IACs are commercially available for
AFs, OTA, FBs, ZEA, DON, T-2 and HT-2 toxins, and have been used to
simultaneously detect the presence of these toxins by HPLC with good accu-
racy and precision (Pascale and Visconti, 2008).

Recently, in the area of mycotoxin analysis, there has been an increasing
interest in the potential use of molecularly imprinted polymers (MIPs) as ad-
sorbents for SPE due to their low costs, easy preparation, high chemical
stability and long shelf-life. MIPs are cross-linked polymers that are thermally,
photochemically or electrochemically synthesized by the reaction of a mono-
mer and a cross-linker in the presence of an analyte, e.g. mycotoxin, used as a
template. After polymerization, the analyte is removed leaving specific re-
cognition sites inside the polymer. MIPs provide biomimetic recognition ele-
ments capable of selective binding/rebinding to the analyte with efficiencies
comparable to those of antibody-antigen interactions. The synthesis of MIPs
with high affinity for DON, ZEA and OTA was already reported (Pascale
et al., 2008a). These polymers have been used as a stationary phase in chroma-
tographic applications, or for the preparation of SPE columns that are to be
used in sample clean-up, although, in a few cases, non-imprinted polymers, i.e.
polymers synthesized without a mycotoxin template, performed similarly to
molecularly imprinted polymers. Recently, itaconic acid has been identified by
molecular modeling and computational design as a functional monomer with
high affinity towards DON. Itaconic acid polymers, synthesized without the
template (i.e. DON), were successfully used as adsorbents for SPE clean-up
and pre-concentration of DON from pasta extracts prior to the HPLC analysis
(Pascale et al.,, 2008a).

Traditional technologies for detecting/quantifying mycotoxins

Gas chromatographic methods based on FID, ECD and MS detection are
the most widely used methods for quantitative simultaneous determination of
trichothecenes (mainly type A) in cereals and cereal-based products (Krska
et al., 2001). These methods require a preliminary clean-up of extracts, gene-
rally by MycoSep® columns, and pre-column derivatization of the purified
extract with specific reagents. Mass spectrometry (MS), or tandem mass spec-
trometry (MS/MS), offers an advantage in confirming the identity of chroma-
tographic peak. The main problems associated to GC analysis include increa-
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sed trichothecene responses (up to 120%), non-linearity of calibration curves,
drifting responses, carry-over or memory effects from previous samples, and
high variation in terms of reproducibility and repeatability (Petterson and
Langseth, 2002).

HPLC coupled with UV, diode array (DAD) or fluorescence detector
(FD) is currently the most widely used technique for the analysis of major
mycotoxins occurring in cereals. AFs, OTA, FBs and ZEA are routinely
analyzed by HPLC-FD, and DON by HPLC-UV (DAD) with good accuracy
and precision. HPLC-FD is highly sensitive, selective and repeatable, so speci-
fic labeling reagents have been developed for the derivatization of non-fluore-
scent mycotoxins to form fluorescent derivatives. Either pre-column derivati-
zation with trifluoroacetic acid (TFA), or post-column derivatization with Ko-
bra Cell® (i.e. electrochemical bromination cell) or photochemical reactor (i.e.
UV irradiation), can be used to enhance fluorescence of aflatoxins B, and G,
(Papadopoulou-Bouraoui et al, 2002), whereas pre-column deri-
vatization with OPA reagent is required for the detection of fumonisins B, B,
and B,, after purification of the extracts with immunoaffinity columns, solid
phase extraction or MycoSep® columns. Recently, 1-anthroylnitrile (1-AN),
2-naphthoyl chloride (2-NC), and pyrene-1-carbonyl cyanide (PCC) have been
used as fluorescent labeling reagents for T-2 and HT-2 detection by HPLC-FD
(Visconti et al, 2005; Lippolis et al.,, 2008). The derivatization re-
action was used to develop a sensitive, reproducible and accurate method for
the simultaneous determination of T-2 and HT-2 after IAC clean-up in natu-
rally contaminated cereal grains (wheat, maize, oats and barley). Several HPLC
methods for identifying various mycotoxins in a number of cereals and cereal-
-based products have been validated by collaborative studies, and their perfor-
mance characteristics, such as accuracy, repeatability, reproducibility, detection
and quantification limits were established. These methods have been adopted
as official or standard methods by the AOAC International or the European
Standardization Committee (CEN). In particular, methods for measuring afla-
toxins in maize (AOAC Official Method 991.31 and 2005.08), ochratoxin A in
barley (2000.03), aflatoxin B, in baby food (2000.16), fumonisins B, and B, in
maize flour and cornflakes (2001.04) that use IACs clean-up and HPLC-FD
are approved as official methods by AOAC International (http://www.aoac.org).
In addition, HPLC/IAC methods have been validated for the measurement of
DON in cereals and cereal products, and ZEA in barley, maize, wheat flour,
polenta and maize-based baby food (MacDonald et al.,, 2005a; Mac-
Donald et al., 2005b).

Liquid chromatography coupled with mass spectrometry (LC-MS) has
been used for many years, mainly as a technique for mycotoxin confirmation.
At the present time, LC-MS and LC-MS/MS are the most promising tech-
niques for the simultaneous screening, identifying and measuring of a large
number of mycotoxins. Advances and recent trends in mycotoxin detection by
LC-MS have been recently reviewed (Sforza et al.,, 2006; Songserm-
sakul and Razzazi-Fazeli, 2008). The following mycotoxins were
examined: patulin, aflatoxins, ochratoxin A, zearalenone and its metabolites,
trichothecenes and fumonisins. LC-MS/MS and Atmospheric Pressure Chemi-
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cal Ionization (APCI) or Electro-Spray Ionization (ESI) interface was used for
the simultaneous determination of the major type A- and type B-trichothecenes
and ZEA in cereals and cereal-based products at trace levels (Berthiller
et al., 2005). LC-APCI-MS/MS method using reversed phase SPE Oasis®
HLB columns for extract clean-up has been recently developed for the simul-
taneous determination of NIV, DON, T-2 and HT-2 in cereals and cereal-based
products (Lattanzio et al., 2008). The method was applied to a large num-
ber of cereals (wheat, barley and maize) and cereal-based foods (infant semo-
lina, infant biscuits, bacon biscuits, cocoa wafers and coconut snacks) with de-
tection limits in the ug/kg range. LC-ESI-MS/MS method has been recently
developed for the simultaneous determination of major Fusarium toxins (DON,
T-2, HT-2, FB,, FB,, ZEA) together with aflatoxins (AFB,, AFB,, AFG,,
AFG,) and OTA in maize, based on the use of new multi-toxin immunoaffi-
nity columns, i.e. Mycodinl™ (Lattanzio et al., 2007). HPLC-MS/MS is
also proved to be a powerful technique for the determination of masked
mycotoxins, for example deoxynivalenol-glucosides, in wheat (Berthiller
et al., 2007). Masked mycotoxins are mycotoxins conjugated to more polar
substances, e.g. glucose, not detected by routine analytical methods, even
though they can release their toxic precursors after hydrolysis. Accuracy, pre-
cision, and sensitivity of LC-MS methods may vary depending on the myco-
toxin, matrix and instrument with the sensitivity of the method depending on
the ionization technique used. Quantitative measurement of mycotoxins by
LC-MS is often unsatisfactory due to matrix effects and ion suppression. Puri-
fication of extracts by MycoSep® or IACs is generally needed prior to MS de-
tection (Lattanzio et al.,, 2009).

Immunological assays, such us ELISA, have become very popular in
mycotoxin screening since the late 1970s (Pestka et al., 1995). In general,
ELISA does not require clean-up procedures, and the extract containing the
mycotoxin is analyzed directly. Even though they often lack accuracy at very
low concentrations and are limited in the range of matrices examined, immu-
noassays provide fast, inexpensive screening assays. However, matrix inter-
ference or the presence of structurally related mycotoxins can interfere with
the binding of conjugate and antibody, leading to mistakes in quantitative mea-
surements of mycotoxins. ELISA kits should be used routinely only for the
analysis of matrices that are extensively tested. Confirmatory analyses by more
robust methods, e.g. HPLC with IAC clean-up or LC-MS, are required for the
contamination levels that approach the legal limit. Several ELISA kits that use
monoclonal or polyclonal antibodies against mycotoxins have been commer-
cially developed for qualitative, semi-quantitative or quantitative analyses of
the main known mycotoxins in cereal-based matrices. Some ELISAs have
been validated by collaborative studies and adopted by the AOAC Interna-
tional as official methods for determination of aflatoxin B,/total aflatoxins and
ZEA in food and feed matrices (AOAC Official Methods No. 989.06, No.
990.32, No. 990.34, No. 991.45, No. 993.16 and No. 994.01). Nevertheless,
the use of ELISAs to detect mycotoxins at contamination levels approaching
the legal limits is inappropriate since these assays were validated at levels
much higher than the legal limits. Direct ELISA has been validated for measu-
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ring total fumonisins (i.e. sum of FB,, FB, and FB,) in maize at levels > 1.0
mg/kg (AOAC Official Methods No. 2001.06) with good precision.

Emerging technologies for mycotoxin analysis

Over the past years, rapid immunoassay-based tests have increasingly
been used for the analyses of mycotoxins in cereals and cereal-based foods
(Zheng et al, 2006; Goryacheva et al., 2007). Lateral flow devices
(LFDs), also called immunochromatographic strip tests, are rapid immuno-
assays based on the interaction between specific antibodies, immobilized on a
membrane strip, and antibody-coated dyed receptors, e.g. latex or colloidal
gold, that react with analyte to form an analyte-receptor complex. LFDs have
been developed for the most prevalent mycotoxins in cereals and are commer-
cially available for the determination of AFs and FBs in maize, DON in
wheat, and OTA, ZEA, T-2 and HT-2 in cereal grains. Portable photometric
strip readers allow quantitative or semi-quantitative analysis (Krska and
Molinelli, 2009).

Fluorescence polarization immunoassay (FPIA) is a simple technique that
measures interactions between a fluorescently labeled antigen and a specific
antibody in solution. FPIAs are developed for rapid determination of AFs,
ZEA, FBs and DON, although low accuracy and sensitivity were observed
when these assays were used with cereal samples (Nasir and Jolley,
2003; Maragos and Plattner, 2002; Chun et al.,, 2009). Recently,
FPIA has been optimized for rapid determination of DON in durum and com-
mon wheat, semolina and pasta (Lippolis et al., 2006; Pascale et al,
2008b). The assay showed better accuracy and precision, with respect to a
widely used HPLC-IAC method M acDonald et al., 2005a), in the range
of 100—2.000 ug/kg.

Fourier transform near-infrared (FT-NIR) spectroscopy and principal com-
ponent analysis (PCA) have been recently used for the determination of DON
content in durum and common wheat. A semi-quantitative model was deve-
loped to discriminate between blank and naturally contaminated wheat samples
at 300 pug/kg (De Girolamo et al., 2009). A modified approach to evaluate
DON content in scab-damaged wheat by using diffuse reflectance UV-vis
spectroscopy was reported (Siuda et al.,, 2008). The applicability of NIR re-
flectance spectroscopy, combined with multivariate statistical methods, was
evaluated for its ability to predict the incidence of fungal infection in maize
and fumonisin B, content by analyzing 280 naturally and artificially contami-
nated maize samples, although the limit of detection of the method was not re-
ported (Berardo et al.,, 2005). The advantages of these methods compared
to other methods are the ease of operations, rapidity of analysis and non-de-
struction of samples.

Immunochemical biosensors that use surface plasmon resonance (SPR) or
screen-printed carbon electrodes have been described for the detection of
mycotoxins in cereals. Competitive SPR-based immunoassays have been re-
cently described for the determination of DON in wheat, with or without
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extract clean-up, showing a good correlation between DON concentration mea-
sured with biosensor and GC-MS, or HPLC-UV and HPLC-MS/MS as refe-
rence methods (Prieto-Simon et al., 2007). Competitive electrochemical
ELISAs based on disposable screen-printed carbon electrodes have been deve-
loped for quantitative determination of ochratoxin A in wheat. The results
from screen-printed carbon electrodes and HPLC/IAC clean-up methods for
naturally contaminated wheat samples showed good correlation (Alarcon et
al., 20006).

CONCLUSION

Several analytical methods for the determination of major mycotoxins oc-
curring in cereals and cereal-based products have been developed and con-
tinuously improved. Advantages and disadvantages of traditional and emerging
methods are reported in Table 1. Among the traditional methods, immunoaffi-
nity/MycoSep® column clean-up coupled with HPLC is the most frequently
used technique for the measurement of main mycotoxins occurring in cereals
and cereal-based products, although LC-MS/MS seems to be the most promi-
sing technique to be used in the future for multi-mycotoxins analysis. Various
immunological methods, ELISA and other rapid antibody-based tests, are ge-
nerally used for screening purposes, although these methods often require
confirmatory analyses with more robust methods. Finally, few emerging tech-
nologies, which are often combined with immunochemical assays, have been
proposed for rapid analysis of mycotoxins in cereals. Among these, FP immu-
noassay has the potential for reliable high-throughput analysis of DON in
wheat and wheat-based products.

Tab. 1 — Advantages and disadvantages of traditional and emerging methods for mycotoxin
analysis

Method Advantages Disadvantages

GC Simultaneous analysis of Expensive equipment, specialist

mycotoxins, good sensitivity, may
be automated (autosampler),
provides confirmation

(MS detector).

expertise required, derivatization
required, matrix interference problems,
non-linear calibration curve, drifting
response, carry-over effects from
previous sample, variation in
reproducibility and repeatability.

HPLC Good sensitivity, good selectivity, Expensive equipment, specialist
good repeatability, may be expertise required, may require
automated (autosampler), short derivatization.
analysis times, official methods
available.

LC/MS Simultaneous analysis of Very expensive, specialist expertise

mycotoxins, good sensitivity
(LC/MS/MS), provides
confirmation, no derivatization
required.

required, sensitivity relies on
ionization technique, matrix assisted
calibration curve (for quantitative
analysis), lack of internal standards.
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ELISA Simple sample preparation, Cross-reactivity with related
inexpensive equipment, high mycotoxins, matrix interference
sensitivity, simultaneous analysis problems, possible false
of multiple samples, suitable for positive/negative results, confirmatory
screening, limited use of organic LC analysis required.
solvents.

LFD Rapid, no clean-up, no expensive Semi-quantitative (visual assessment),
equipment, easy to use, no specific  cross-reactivity with related
training required. mycotoxins, validation required for

additional matrices.

FPIA Rapid, no clean-up required, Inconsistent with ELISA or HPLC

IR spectroscopy

validated for DON in wheat.

Rapid, non-destructive
measurement, no extraction or
clean-up, easy operation.

analyses (except for DON), poor
sensitivity in some cases,
cross-reactivity with related
mycotoxins, matrix interference
problems.

Expensive equipment, calibration
model must be validated, knowledge
of statistical methods, poor sensitivity.

Biosensors Rapid, no clean-up procedure. Cross-reactivity with related
mycotoxins, extract clean-up needed
to improve sensitivity, variation in
reproducibility and repeatability.

MIP Low cost, stable, reusable. Poor selectivity.

GC = Gas Chromatography; HPLC = High Performance Liquid Chromatography; LC/MS = Li-
quid Chromatography/Mass Spectrometry; ELISA = Enzyme-Linked Immunosorbent Assay; LFD
= Lateral Flow Device; FPIA = Fluorescence Polarization Immunoassay; IR = Infrared; MIP =
Molecularly Imprinted Polymer.
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METOJE JETEKUMJE MUKOTOKCHUHA V ) KUTAPULIAMA
" TTIPOU3BOANMA Ol )KUTA

Muxkenanheno Ilackaie

WucturyT 3a mpexpaMmOeHy npousBoay, HalmmoHamHM MCTpa)KMBayKu CaBeT
I'. Amenpona 122/0, 70126 bapu, Wranuja

Pe3nume

Mertone aHaiM3e MUKOTOKCHMHA Yy JKUTapullamMa M MPOM3BOAMMA OJ KWTa CE Cca-
CTOje M3 TPU MOCTYIIKA: €KCTpakluje, IpeunirhaBama (Kako OM ce YKIOHWIE MHTEp-
(epeHIIMje eKcTpakTa M KOHILICHTPUMCAO aHAJIMWT) M JeTeKuuje/oapehuBara TOKCHHA
(xopuirhereM onroBapajyinx aHaAIMTUYKMX WHCTPYMEHATa/TEXHOJIOTHjE 3a aHAIMU3y).
[TpeunnrhaBame je KJbYYHU TOCTYIAK Y aHAJIM3U MUKOTOKCHHA TIPU HerOBUM KOHIIEH-
TpalyjaMa y TparoBMMa Koju oOyxBaTa IMPUMEHY €KCTPaKIMje YBPCTOM (ha3oM U MYJI-
TUdYHKIIMOHAIHE (HIp. MycoSep®) win umyHoadUHUTETHE KojloHe. Pasnuuunte xpo-
Matorpadcke MeTole Ce KOPUCTe 3a KBAaHTUTATUBHO OApelnBarbe MUKOTOKCHHA, YKIbY-
yyjyhu racHy xpomarorpadujy (GC) y3 kopuirheme AeTeKTopa ca 3aXBaTOM €JIEKTPO-
Ha, IJIAaMEHO jOHM3AllMOHEe IETEKTOPE WJIM MaceHy CIIEKTPOMETpHjy (YIJIaBHOM 3a TpH-
XOTelleHe TuIa A) Kao M TeuyHy xpomatorpacdujy Bucokor yuuHka (HPLC) y3 kopu-
mwhewe UV, DAJD, dayopecuientHux u MS netexktopa. M36op Merosie 3aBUCH Ol Ma-
TpUKCAa M MUKOTOKCHMHA KOjU ce aHajiu3upa. TeyHa xpomaTorpaduja y mapy ca mace-
HoMm criektpomerpujoM (LC-MS/MS) je TexHuka Koja HajBuile obehaBa y ciydajy cu-
MYJITAHOT CKeHUparba, MIeHTU(dUKAIIMje U KBAaHTUTATUBHOT ojpehuBama BeJuKor opoja
MUKOTOKCHMHA. OcuM Tora, KoMepliyjaiHa UMyHOMETPHUjCKa MCIIMTHBAMKba, Kao IITO je
eH3uMcku umyHocopruuonu tect (ELISA), Takohe ce 4ecTo KOpUCTE Y CBpXE CKEHU-
pama. Y mocienme BpeMe BeJIUK Opoj MeToda Koje ce 0a3mpajy Ha HOBUM TEXHOJIOTH-
jaMa MOry ce KOPHCTUTH 3a aHaJIu3y MMKOTOKCHMHA, a Mely BhhMa Cy MMyHOXpOMAaTo-
rpacduja (HIp. JaTepaJiHA MPOTOYHU ypehaju), MMYHO TECTOBU ca IIOJIapU3aIldjOM
dnyopecuentae emucuje (FPIA), undpauppena crekrpockonuja (FT-NIR), moaume-
pu ca MoJjiekyJapHuUM oTtuckoM (MIPS) u onTtuuku OGMOCEH30pH.
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ABSTRACT: Control of mycotoxins is the need of the hour, since their occurrence in
foods and feeds is continuously posing threats to both health and economics all over the
world.

Besides the post-harvest preventive measures, it is important that suitable detoxifi-
cation methods must be developed for inactivating or removing mycotoxins from the conta-
minated commodities, as the toxins are also produced by Aspergillus flavus and A. parasiti-
cus even during pre-harvest stages of crop production.

Several physical and chemical detoxification methods developed so far have been
critically discussed in different reviews for their advantages and limitations based on certain
adopted strategies and specific criteria.

Understanding of mechanisms of mycotoxins detoxification by physical, chemical and
microbiological methods will enable establishment of combined treatment procedures to
effectively decontaminate, contaminated foods and feeds. Such treatment methods are ex-
pected to be cost effective and minimally deleterious to food constituents

KEY WORDS: mycotoxins, food, feed, methods, inactivation, detoxification

INTRODUCTION

Mycotoxins are toxic mould metabolites produced by toxigenic strains of
different mould species. They have an important role in the occurrence of
some human diseases such as liver cancer, chronic hepatitis and cirrhosis.
When animals eat foodstuffs containing aflatoxin B1, these toxins are meta-
bolized and excreted as aflatoxin M1 in their milk. Aflatoxin M1 is resistant to
thermal inactivation and is not destroyed completely by pasteurization, auto-
claving or other food processing procedures. The control of aflatoxins is the
need of the hour, since their occurrence in foods and feeds is continuously po-
sing threats to both health and economics all over the world. Since aflatoxin
contamination is unavoidable, numerous strategies for its detoxification have
been proposed. These include physical methods of separation, thermal inacti-
vation, irradiation, solvent extraction, adsorption from solution, microbial inacti-
vation and fermentation. Chemical methods of detoxification are also practiced
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as a major strategy for effective detoxification. Besides the post-harvest pre-
ventive measures, suitable detoxification methods are developed for inactiva-
ting or removing aflatoxins from the contaminated commodities, since toxins
are also produced by Aspergillus flavus and A. parasiticus even during the
pre-harvest stages of crop production. Understanding of mechanisms of afla-
toxin detoxification by physical, chemical and microbiological methods will
enable the establishment of combined treatment procedures to effectively de-
contaminate contaminated foods and feeds. Such treatment methods are ex-
pected to be cost effective and minimally deleterious to food constituents.

Inactivation strategies

Several physical and chemical detoxification methods developed so far
have been critically discussed in different reviews for their advantages and li-
mitations based on certain adopted strategies and specific criteria. Detoxifi-
cation by microbiological means is also reviewed with respect to the status on
potential microorganisms and their enzymes that can degrade aflatoxins to less
toxic or innocuous end products. Understanding the mechanisms of aflatoxin
detoxification by physical, chemical and microbiological methods will enable
the establishment of combined treatment procedures to effectively deconta-
minate contaminated foods and feeds. Such treatment methods are expected to
be cost effective and minimally deleterious to food constituents (Basappa
and Shanta, 1996).

Application of ammonia

Ammoniation of corn, peanuts, cottonseed and meals for the alteration of
toxic and carcinogenic effects of mycotoxin contamination has been the sub-
ject of intense research effort by scientists in various government agencies and
universities worldwide. Engineers have devised workable systems of treatment
of whole seeds, kernels or meals; chemists have identified and characterized
the products formed from the reaction of aflatoxin B1 with ammonia, with and
without meal matrix; biochemists have studied the biological effects of these
compounds in model systems; and nutritionists have studied animal responses
to rations containing ammoniated and non-ammoniated components. The re-
sults of aflatoxin/ammonia decontamination research demonstrate the efficiency
and safety of ammoniation as a practical solution to aflatoxin detoxification in
foods and animal feeds (Park, 1993).

Corn is, all over the world, frequently contaminated with the fungus Fu-
sarium moniliforme that produces toxic fumonisins. However, ammonia deto-
xifies effectively aflatoxins in corn and cottonseed. Since corn can be contami-
nated by both fumonisins and aflatoxins, application of ammoniation of corn
cultured with, or naturally contaminated by F. moniliforme, showed that Fu-
monisin Bl levels in the culture material and in naturally contaminated corn
were reduced by 30 and about 45%, respectively, by the treatment. Despite the
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apparent reduction in fumonisin content, the toxicity of the culture material in
rats was not altered by ammoniation. Reduced weight gains, elevated serum
enzyme levels and histopathological lesions, typical of F. moniliforme toxicity,
occurred in rats fed with either ammoniated or non-ammoniated culture ma-
terial. Atmospheric ammoniation of corn does not appear to be an effective
method for the detoxification of F. moniliforme-contaminated corn (Norred
et al., 1991).

Although there was no significant change in dietary intake, body weight
gain, and feed conversion ratio in chickens fed with ammonia treated aflatoxin
contaminated maize, these parameters were suppressed in birds fed with afla-
toxin-containing diet. These data suggest that replacement of aflatoxin-con-
taining maize with ammoniated grains can significantly suppress aflatoxicosis,
leading to an improvement in production parameters in broilers (Allameh
et al., 2005).

Rice, a wide spread cereal used for human and animal nutrition, is sus-
ceptible to aflatoxin contamination in the field and during storage. Therefore,
the goal of the research was the evaluation of the efficacy and permanence of
the ammoniation process through high pressure/high temperature (HP/HT) and
atmospheric pressure/moderate temperature (AP/MT) conditions applied to rice
samples artificially contaminated with aflatoxin B1. For this purpose, a 2(k)
design was drawn up with temperature, rice moisture and the process time as
its variables. Under both sets of conditions, aflatoxin B1 concentration was re-
duced in a range of 90—100%. In conclusion, the process efficacy and perma-
nence were achieved through the use of high temperature and long process
time for both sets of conditions (HP/HT and AP/MT), respectively (Trujillo
and Yepez 2003).

Chlorine dioxide

The efficacy of chlorine dioxide (CIO,) in the detoxification of tricho-
thecene mycotoxins verrucarin A and roridin A, was evaluated. In the first
experiment, verrucarin A (1, 5 or 10 mu g) and roridin A (5 or 10 mu g) were
each inoculated onto square-inch sections of glass, paper, and cloth, and
exposed to 1000 ppm of ClO, for either 24 or 72 h at room temperature. In
the second experiment, verrucarin A and roridin A (1 or 2 ppm in water) were
treated with 200, 500 or 1000 ppm CIlO, for up to 116 h at room temperature.
The results of the first experiment showed that ClO, treatment had no detect-
able effect on either toxin. In the second experiment, both toxins were com-
pletely inactivated at all tested concentrations in less than 2 h after treatment
with 1000 ppm ClO,. For verrucarin A, the effect was seen at 500 ppm level,
but this effect was not as strong as that observed at 1000 ppm level. Roridin A
toxicity was decreased after treatment with 200 and 500 ppm ClO,, but this
was not significant until the 24-hour exposure time was reached. These data
show that ClO, (in solution) can be effective for detoxification of roridin A or
verrucarin A at selected concentrations and exposure times (Wilson et al,
2005).
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Citric acid

Chemical inactivation of aflatoxin BI(AFB1) and aflatoxin B2(AFB2) in
maize grain by means of 1 N aqueous citric acid was confirmed by the AFLA-
TEST™ immunoaffinity column method, high performance liquid chromato-
graphy (HPLC), and the Ames test (Salmonella-microsomal screening system).
The AFLATEST™ assay showed that aflatoxins in the maize grain, with an
initial concentration of 29 ng/g, were completely degraded, and 96.7% degra-
dation occurred in maize contaminated with 93 ng/g when treated with the
aqueous citric acid. Aflatoxin fluorescence strength of acidified samples was
much weaker than the untreated samples, when observed in HPLC chromato-
grams (Mendez et al., 2005).

Sulfhydryl compounds

Most food toxicants have specific groups responsible for their deleterious
effects. Modifying such sites with specific a-acids, peptides, and proteins les-
sens their toxicity. Sulthydryl (thiol) compounds, such as cysteine, N-acetyl-
cysteine, reduced glutathione, and mercaptopropionylglycine interact with di-
sulfide bonds of plant protease inhibitors and lectins via sulfhydryl-disulfide
interchange and oxidation-reduction reactions. Such interactions with inhibitors
from soybeans and lectins from lima beans facilitate heat inactivation of the
potentially toxic compounds, resulting in beneficial nutritional effects. Related
transformations of protease inhibitors in soy flour are also beneficial. Since
thiols are potent nucleophiles, they have a strong affinity for unsaturated elec-
trophilic centers of several dietary toxicants, including aflatoxins, sesquiter-
pene lactones, such as elephantropin and parthenin, urethane, carbonyl com-
pounds, quinones, and halogen compounds. Such interactions may be used in
vitro to lower the toxic potential of the diet, and in vivo for prophylactic and
therapeutic effects against oxidative damage. A number of examples are cited
to illustrate the concepts and mechanisms of using sulfur amino acids to re-
duce the antinutritional and toxic manifestations of food ingredients (Fried -
man, 1994).

Feed additives

The possible protective effect of four feed additives against the toxic ef-
fects of T-2 toxin in growing broiler chickens was investigated in randomized
trial consisting of six dietary treatments (control with no T-2 toxin or feed ad-
ditive added, 2 ppm T-2 toxin alone, 2 ppm T-2 toxin plus 2.0 g/kg Mycofix,
2 ppm T-2 toxin plus 2.0 g/kg Mycosorb, 2 ppm T-2 toxin plus 2.5 g/kg
MycoAd, and 2 ppm T-2 toxin plus 3.0 g/kg Zeolex). When no feed additive
was included, 2 ppm dietary T-2 toxin significantly decreased BW and increa-
sed feed: gain ratio. When 2.0 g/kg Mycofix were added to the diet, the feed
additive protected against the adverse effects of T-2 toxin on BW, BW gain,
and feed: gain ratio. However, no protection against the adverse effects of T-2
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toxin on final BW and BW gain were obtained by the supplementation of any
of the other 3 feed additives. The results of trial indicate that the only feed ad-
ditive capable of counteracting the adverse effects on performance caused by
the dietary administration of 2 ppm T-2 toxin was the additive based on the
enzymatic inactivation of the 12,13-epoxide ring of the trichothecenes (Myco-
fix). This study also confirms the previous reports showing that aluminosili-
cates are not effective against trichothecene mycotoxins (Diaz et al., 2005).

Aqueous extract of ajowan seeds was found to contain an aflatoxin inacti-
vation factor (IF). Approximately 80% reduction in total aflatoxin content over
the controls was observed. This observed phenomenon of reduction in total
toxin was referred to as toxin inactivation. It was discovered that the tempera-
ture influenced the rate of toxin inactivation. At 45°C, toxin inactivation was
rapid during the initial 5 hours, after which it decreased. The IF was found to
retain considerable activity even after boiling and autoclaving, indicating par-
tial heat stability. Toxin decontamination in spiked corn samples could be
achieved using IF. This study emphasizes the potential of ajowan IF in afla-
toxin removal from contaminated food commodities. However, the biological
toxicity, if any, of the IF inactivated aflatoxins needs to be confirmed (H a -
jare et al., 2005).

Biological detoxification

Some toxin-producing fungi are able to degrade or transform their own
products under suitable conditions. Pure cultures of bacteria and fungi which
detoxify mycotoxins were isolated from complex microbial populations by
screening and enrichment culture techniques. Genes responsible for some of
the detoxification activities were cloned and expressed in heterologous hosts.
The detoxification of aflatoxins, cercosporin, fumonisins, fusaric acid, ochra-
toxin A, oxalic acid, patulin, trichothecenes, and zearalenone by pure cultures
were also reported (Karlovsky, 1999).

Extrusion process

Cottonseed is an economical source of protein and is commonly used in
balancing livestock rations. However, its use is typically limited by protein,
fat, gossypol, and aflatoxin contents. The extrusion temperature study showed
that aflatoxin levels were reduced by an additional 33% when the cottonseed
was extruded at 160°C as compared to 104°C. Furthermore, the multiple-pass
extrusion study indicated that aflatoxin levels were reduced by an additional
55% when the cottonseed was extruded four times as compared to one time.
Total estimated reductions of 55% (three stages of processing at 104°C), 50%
(two stages of processing at 132°C), and 47% (one stage of processing at
160°C) were obtained from the combined equations. If the extreme conditions
(four stages of processing at 160°C) of the evaluation studies are applied to
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the combined temperature and processing equation, the resulting aflatoxin re-
duction would be 76% (Michael et al., 2002).

Traditional nixtamalization and an extrusion method for making dough
(masa) for corn tortillas, which requires the use of lime and hydrogen pero-
xide, were evaluated for the detoxification of aflatoxins. The traditional nixta-
malization process reduced levels of aflatoxin B1 (AFB (1)) by 94%, aflatoxin
M1 (AFM (1)) by 90% and aflatoxin B1-8,9-dihydrodiol (AFB (1)-dihydro-
diol) by 93%. The extrusion process reduced levels of AFB(1) by 46%,
AFM(1) by 20% and AFB(1)-dihydrodiol by 53%. Extrusion treatments with
0,0.3 and 0.5% lime reduced AFB (1) levels by 46,74 and 85%, respectively.
The inactivation of AFB (1), AFM (1), and AFB (1)-dihydrodiol in the
extrusion process using lime together with hydrogen peroxide showed higher
elimination of AFB(1) than the treatments with lime or hydrogen peroxide
alone. The extrusion process with 0.3% lime and 1.5% hydrogen peroxide was
the most effective process of aflatoxin detoxification in corn tortillas, but the
high level of those reagents negatively affected the taste and aroma of the corn
tortilla as compared with tortillas elaborated by the traditional nixtamalization
process (Elias et al., 2002).

Samples of corn flour experimentally contaminated with aflatoxin B1
(AFB1) (50 ppb) and deoxynivalenol (DON) (5 ppm) were extruded. The ef-
fects of three extrusion variables (flour moisture, extrusion temperature and so-
dium metabisulphite addition) were analyzed according to a two-level factorial
design. The process was effective for the reduction of DON content (higher
than 95%) under all the conditions assessed, but was only partially successful
(10—25%) for the decontamination of AFBI.

The results show that extrusion cooking is effective for the inactivation of
DON, but is of a limited value for AFB1, even when metabisulphite is added.
More severe extrusion conditions are needed for the detoxification of AFBI.
As DON contamination occurs mainly in the field, prior to harvesting, and that
of AFB1 is normally produced during grain storage, maize is often contami-
nated with DON and not with AFB1. Under these conditions, the described
extrusion process can be used for the detoxification of DON. The addition of
sodium metabisulphite did not significantly affect the inactivation of AFBI.
Extrusion cooking is therefore an appropriate treatment for vomitoxin-contami-
nated maize in the countries where, due to the prevailing conditions, these are
the only toxins present (Cazzaniga et al.,, 2001).

Miscellaneous

Aflatoxins are also sensitive to UV light and gamma radiation. Exposure
of artificially contaminated milk to UV light inactivated 3.6—100% of AFMI,
depending on the exposure time. In the case of dried figs artificially contami-
nated with AFBI, the toxin level was reduced by 45.7%. Toxicity of a peanut
meal contaminated with AFB1 was reduced by 75 and 100% after the irradia-
tion by gamma rays at dose of 1 and 10 kg, respectively.
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Solar energy is also widely used in the decrease of the amount of
aflatoxins from 30—80% in peanut cakes, flakes peanut oil, and olive oils in
different parts of the world. High hydrostatic pressure application is another
method of inactivating mycotoxins present in food, but the pressure exciting
500 MPa has detrimental effects on the food itself.

AFLATOMM DR

Fig. 1 — Proposed mechanism for the acidification of aflatoxin B to produce aflatoxin D,
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CTPATEI'MJE KOHTPOJIE 1 MEXAHU3MHW MHAKTUBALMIJE
MUKOTOKCHMHA

®apyk bosoriy

Ogncek 3a mpexpaMOeHO MHXKEHEePCTBO,
Bauckouctounu TexHuuku akynrer AHkapa, Typcka

Pesnme

KoHTposa MUKOTOKCHHA je ypreHTHa MoTpeda NaHalIHbUIE jep HUXOBO MPUCYCTBO
y XpaHU ¥ CTOYHO] XpaHUW YrpoKaBa 3[paB/beé M €KOHOMMUjY Y CBETCKMM pa3Mepama.

Ilopen mpuMmeHe MOCIEKETBEHUX IMPEBEHTUBHUX Mepa, HEOIIXOAHO je pa3BUjaTU
n onrosapajyhe Merone AeToKcH(pUKalLIMje Koje CIIy:Ke 3a MHAKTMBALMy M YKJaHharhe
MMKOTOKCHMHA M3 KOHTAaMWHUpaHe XpaHe, ¢ 003MPOM Ha UMHLEHUILy Ja Ce TOKCUHU
CTaJTHO MPOM3BOJIE, YaK M Y TOKY NpeHKeTBeHUX (a3a y TMPOM3BOAILY yCeBa, HAPOUM-
TO o cTpaHe ponoBa Aspergillus flavus u A. parasiticus.

Hexku, maHac mosHatv, METOAM (DU3MUKE U XEMUjCKE AETOKCU(UKALIUje KPUTUY-
KM Cy pa3MaTpaHM y BHUIIE TPETrJIeIHUX pamoBa, ca CTAHOBUINTA FbUXOBUX MPETHOCTH
1 OorpaHMYe-a a Ha OCHOBY onpel)eHuX YCBOjeHUX cTpaTeruja U HEKOJUKO crenuduy-
HUX KpUTepHUjyMa.
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PasymeBame MexaHuzama IeTOKCH(DUKalLMje MUKOTOKCMHA (DU3UUYKUM, XEMUjCKUM
¥ MHUKPOOMOJIOIIKUM MeToauMa he oMOoryhuTH ycIocTaBibarbe Mpolienypa KOMOMHO-
BaHUX TPeTMaHa KOju MOTYy e(pUKACHO Ja NEKOHTAMUHUPAjy YTPOKEHY XpaHy U CTOYHY
xpaHy. Oudekyje ce Aa OBM TpeTMaHUW Oyly €KOHOMUYHU U Ja MUHUMAJIHO YTUUY Ha
CacTOjKe XpaHe.
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COMPARISON OF ENZYME LINKED IMMUNOASSAY
AND HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
FOR DETERMINATION OF FUMONISIN IN DRIED FIGS

ABSTRACT: The occurrence of fumonisin in dried figs was investigated by Enzyme
Linked Immunoassay (ELISA) and High Performance Liquid Chromatography (HPLC). To-
tal fumonisins (FB;, FB,, FBj) in dried figs were determined using ELISA, whereas only
fumonisin By (FB;) was determined by HPLC. In the period 2003—2004, one hundred and
fifty five dried fig samples were taken during their drying in 7 different districts in the
Aegean Region. Among a total of 115 samples, the incidence of total fumonisin in the dried
figs was 82% within the range of 0.16 — 108.34 ug/g when determined by ELISA. In
comparison, FB; was detected in 86 samples (74.8%) within the range between 0.046 and
3.649 ug/g by HPLC.

Correlation between ELISA and HPLC methods was observed for all samples. How-
ever, no correlation between methods was recorded for the samples with less than 1 pg/g
Fumonisin B, level (obtained by HPLC). Although there was a correlation between methods
for all the samples, fumonisin levels obtained by ELISA were much higher than those ob-
tained by HPLC. False positive results were obtained by ELISA in 11 out of 115 dried fig
samples.

The results indicated that ELISA can be used as a screening method for determining
the occurence of fumonisin in dried figs.

KEYWORDS: dried figs, enzyme linked immunoassay, fumonisin, high performance
liquid chromatography

INTRODUCTION

Fumonisins are group of toxic and carcinogenic mycotoxins produced by
Fusarium verticilloides and Fusarium proliferatum, fungi that commonly conta-
minate maize Jackson and Jablonski, 2004; Scaff and Scussel,
2004). Among the fumonisin derivatives, FB, is the most common one and
constitutes about 70—80% of the total fumonisin content of F. verticilloides
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cultures and naturally contaminated foods. Fumonisin B, accounts for 15—
25% of the total fumonisin, while fumonisin B; accounts for 3—8% (Rhee -
der et al., 2002).

Fumonisins induce several diseases in animals, such as equine leukonen-
cephalomalacia in horses, porcine pulmonary oedema. A relationship between
consumption of fumonisin containing maize and incidence of esophageal can-
cer in humans in certain areas of the world has been determined (Nelson et
al., 1992; Castella etal., 1999; Scaff and Scussel, 2004). Accord-
ing to the animal studies and epidemiological studies on humans, fumonisins
have been classified as a possible human carcinogen (Group 2B) by IARC
(IARC,1993).

Fumonisins can be determined by thin-layer chromatography (TLC) and
liquid chromatography (LC), mass spectroscopy (MS), gas chromatography,
immunochemical methods and capillary zone electrophoresis (CZE), but they
are mainly determined by liquid chromatographic techniques. Enzyme Linked
Immunosorbent Assay (ELISA) method is a useful tool for rapid detection of
mycotoxins.

Dried fig is one of the most widely produced fruits in the world. It is an
important agricultural product following raisin and dried apricot among Tur-
kish dried fruit exports. Turkey is the first among the dried fig exporting coun-
tries with approximately 52.600 tons of dried figs in 2005, which is equivalent
to 52% of the world’s dried fig exports (FAO, 2007). Dried figs are a high
risk commodity in terms of mycotoxins. The occurrence of aflatoxins Iama -
naka et al, 2007), ochratoxin A (Karbancioglu-Giiler and He-
perkan, 2008), as well as fumonisin B, (Karbancioglu-Giiler and
Heperkan, 2009) in dried figs were previously reported.

The purpose of this study was to compare the detection of fumonisin with
Enzyme Linked Immunoassay (ELISA) and high performance liquid chro-
matography (HPLC) methods and to investigate the presence of fumonisin in
dried figs. The fumonisin incidence and levels were determined in the Turkish
dried figs, collected during the drying stage in seven different districts located
in the Aegean Region in the period of two years.

MATERIAL AND METHODS
Samples

A total of 115 samples of dried figs were collected from the orchards in
the Aegean Region during drying stage in 2003 and 2004 harvests. The sam-
ples were stored in polyethylene bags at —18°C until analysis. They were
thawed and brought to room temperature before sample preparation. Appro-
ximately 250 g of each sample were minced with meat mincer, and then blen-
ded with 5 parts dried figs and 4 parts tap water (w/w). Representative sub-
-samples (45 g) were used in the analysis.
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Extraction and cleanup

Methods of Romer Labs. (Anonymous, 2004), AOAC 995.15 (AOAC,
2000) and TS EN 13585 (TSE, 2002) developed for corn and corn products
were modified for the extraction and determination of fumonisin in dried figs.
A sample of dried fig slurry (45g + 0,2 g) was blended in Waring Blender
with 100 ml methanol: water (3:1; v/v) for 5 min. The pH of the mixture was
adjusted to 6—9 with 0,1M NaOH after filtration through Whatman No.4 filter
paper. A 10 ml aliquot was diluted with 10 ml methanol: water (3:1; v/v)
mixture. 20 ml of diluted extract was cleaned up with conditioned MultiSep
211 Fum columns (Romer Labs, Union, MO) with a flow rate of < 2 ml/sn.
The column was conditioned by the successive passage of 5 ml of methanol
and 5 ml of methanol/water (3:1). In order to eliminate the impurities, the co-
lumn was washed with 8 ml of methanol/water (3:1) and 3 ml methanol. Fu-
monisin was eluted from the column with methanol: acetic acid (99:1; v/v, 10
mL). The eluate was evaporated to dryness under a gentle stream of nitrogen
at 60°C.

ELISA

The residue was dissolved in 1 ml of methanol:water (3:1, v/v), and 200
ul of diluted extract was applied to the ELISA plate (Romer Lab. AgraQuant®
1—>5) in order to determine the total fumonisin content. Each sample and stan-
dards were applied in duplicate. Enzyme immunosorbent assay (ELISA) was
performed according to the manufacturer’s instructions. The intensity of the re-
sulting yellow colour was measured in ELISA plate reader and evaluated ac-
cording to the RIDAWIN program. The limit of detection was 0.1 mg/g.

HPLC

The residue was dissolved in 200 ul of methanol:water (3:1, v/v) for
HPLC analysis. A 25 ul aliquot of this solution was derivatized with 225 ul of
orthophthaldialdehyde (OPA) solution. Fumonisin-OPA derivatives were ana-
lyzed using a reversed-phase HPLC/fluorescence detection system within 1—2
minutes. Sample volumes of 20 ul were injected manually. The liquid chroma-
tograph was an Agilent Technologies 1100 system equipped with a fluore-
scence detector set at an excitation wavelength of 335 nm and emission wave-
length of 440 nm, quaternary pump, a vacuum degasser, the Rheodyne injector
with a 20 ul loop. Data were processed by Chemstation 3D software. The se-
paration was achieved at room temperature on ODS-Hypersil C18 reversed
phase column (Supelco 250 mm x 4.6 mm, 5 um particle size) with 1 ml/min
flow rate. Methanol-0.1M NaH,PO, - H,O (77:23; v/v) solution adjusted to pH
3.35 with orthophosphoric acid was used as a mobile phase. The limit of de-
tection was 0.1 ug/g.
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RESULTS AND DISCUSSION

ELISA and High Performance Liquid Chromatography (HPLC) methods
for the determination of fumonisins in dried figs were compared. Fumonisin
analyses have been carried out in this study on naturally dried figs collected
from orchards before any treatment. The distribution of fumonisin in dried figs
is given in Table 1. The results obtained during the two years indicate that fu-
monisin presence is a potential risk in dried figs. Among a total of 115 dried
fig samples, the incidence of total fumonisin in dried figs was 82% within the
range of 0.16 — 108.34 ug/g, as it was determined by ELISA. The highest in-
cidences of fumonisin positive samples were obtained within the range of
1.0—5.0 ug/g. 16.5% of the dried fig samples had fumonisin level exceeding
20 pg/g. In comparison, HPLC detected FB, in 86 samples (74.8%) within the
range of 0.046 and 3.649 pg/g. FB, contamination was most frequently de-
tected within the range of 0.046—0.100 pg/g. The levels of fumonisin deter-
mined by ELISA were higher than those determined by HPLC.

Tab. 1 — Frequency of fumonisin content according to the ELISA and HPLC methods in dried
figs

. ELISA HPLC
Fulmonllsm Total fumonisin FB, levels
(;\;/:gs) Number Frequency Number Frequency
of samples (%) of samples (%)
< 0.046! 29 252
< 0.12 21 18.3 36 31.3
0.1—0.5 3 2.6 35 30.4
0.5—1.0 5 43 4 35
1.0—2.0 8 7.0 6 52
2.0—-3.0 9 7.8 2 1.7
3.0—4.0 6 5.2 1 0.9
4.0—5.0 8 7.0 — —
5.0—10.0 27 235 — —
10.0—20.0 13 11.3 — —
> 20 19 16.5 — —

1: Limit of detection for HPLC
2: Limit of detection for ELISA

The levels of fumonisin determined by HPLC and ELISA were plotted in
Figure 1 and the correlation between the two methods was investigated. Cor-
relation between ELISA and HPLC methods was observed for all samples
(R = 0.932). However, correlation coefficient between the methods was deter-
mined as 0.573 for the samples with less than 1 ug/g Fumonisin B, level (ob-
tained by HPLC). Correlation coefficient was calculated as 0.905 for the samp-
les containing above 1 pg/g fumonisin B,. Although there was a correlation
between the methods for samples above 1 pg/g, fumonisin levels obtained by
ELISA were much higher than those obtained by HPLC. The ELISA results
for some samples were up to 400-fold higher than HPLC results. Overesti-
mation of the fumonisin content in ELISA has been also reported (Petska
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et al., 1994; Ono et al., 2000). ELISA was used to determine total fumonisin
(FB,, FB,, FB,) level in dried figs, whereas HPLC was used to determine only
fumonisin B, (FB,). Since Rheeder et al. (2000) had previously reported that
FB, constitutes about 70—80% of the total fumonisin content of F. verticillo-
ides cultures, the differences between methods may not be associated with FB,
and FB, levels in dried figs.

Although solid phase extraction cartridge was used for cleaning in the
ELISA, overestimated fumonisin levels in dried figs may be related to the high
concentration of methanol in dissolving solvent. Hence, it was reported that
solvent and matrix effect could be decreased by diluting the extract with
phosphate buffer or distilled water. Ono et al. (2000) showed that extract di-
lution decreased the ELISA/HPLC ratio and reduced the matrix effect. More-
over, false positive results were obtained by ELISA in 11 out of 115 dried fig
samples, and false negative results in 3 out of 115 samples. False positive and
false negative results in ELISA were also reported previously (Petska et al.,
1994; Ono et al, 2000). Ono et al. (2000) reported that false negative re-
sults might be related to lower detection limit of HPLC compared to ELISA.

The results presented here showed that ELISA can be used as a screening
method for determining the occurence of fumonisins in dried figs. The ELISA
results should be confirmed by chromatographic methods, such as HPLC, to
eliminate the false positive and false negative results.

120

R = 0,932 *
100

ELISA, ppm

0 1 2 3 4
HPLC, ppm

Fig. 1 — Correlation between ELISA and HPLC methods for the analysis of fumonisin
in dried figs
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MOPEBEWE EH3UMCKOT UMYHOTECTA U TEYUHE XPOMATOI'PA®UIE
BUCOKE TMEPO®OPMAHCE 3A OAPEBUBAKE ®YMOHU3NMHA
Y CYBUM CMOKBAMA

®dynna Kapbanyorny-T'uiep, Jdwrek XemnepkaH

Texunukn yHuBep3uTeT y MctamOymy, MakynTeT 3a XeMHUjCKO WHIKEHEPCTBO
U MeTtanyprujy, JemapTMaH 3a mpexpamMOeHO MHXKEeH-EpPCTBO,
34469 Macnak, Mcrambyn, Typcka

Pesnme

ITpucyctBo (hyMOHM3MHA Y CYBUM CMOKBaMa MCIMTHUBAHO je MOMOhy eH3MMCKOT
umyHocopmuuoHor Tecta (ELISA) u Bucoko mepdopmaHcHe TedyHe XpomMaTorpaduje
(HPLC). ITpumenom tecta ELISA ytBpheHo je mpucycrtBo cBux ¢ymoHusuna (FBI1,
FB2, FB3) y cyBuMm cMmokBama, nok je HPLC peructpoBao mpucycTBo camo (pyMOHU-
suna B1 (FB1). ¥ nepuony usmehy 2003. u 2004. ronnHe 155 y3opaka CyBUX CMOKaBa
u3 7 paznuuutux objactu Erejckor permoHa je y3eTo Tokom cyiiewa. On ykymHo 115
y3opaka, mpuMeHoM Tecta ELISA, mpucycTtBo hymMOoHM3MHA je yTBpheHo y 82% y3opa-
Ka, ca KoHleHTpauujama y omncery 0.16—108.34 ug/g. Ipumenom HPLC mertona, FB1
je peructpoBaH kon 86 y3opaka (74.8%), y xoHueHTparmjama ox 0.046 mo 3.649 ug/g.

Kopenanuja namehy ELISA u HPLC metona yrBpheHa je kon cBUX y3opaka. Me-
Hytum, kopenauuja uamehy oBe aBe MeTone HUje yTBpleHa Koj y3opaka Koju cy caip-
*anu Mambe on 1 ug/g dymonusuna Bl (usmepenum nomohy HPLC). Mako je xopena-
uuja uaMely oBa jaBa MeTofa yTBpheHa KOJ CBMX MCIUTHBAHUX y30paka, MOKa3aHo je
na ce nomohy tecta ELISA peructpyjy MHOTO BHUllle KOHLEHTpaluje (hyMOHU3MHA He-
ro npumeHoM HPLC wmetona. [Tpumenom ELISE, naxxHu MO3UTUBHU pe3yJTaTH Cy J10-
oujenu koxm 11 om ykymHo 115 y3opaka CyBHUX CMOKaBa.

Pesynratu nokasyjy na ce ELISA Mo)ke KOPUCTUTU Kao METOA MpoBepe MPUCY-
cTBa (hyMOHMCHHA KOJ CYBUX CMOKaBa.
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IDENTIFICATION OF MYCOBIOTA IN SERBIAN
SLAUGHTERHOUSES

ABSTRACT: Mould growth within slaughterhouses is not acceptable and is consi-
dered as both economic and aesthetic problem. Aim of this paper was to determine filamen-
tous moulds in two slaughterhouses by investigating air, water, environment area and
equipment. There were a total of 100 samples collected. According to Samson (2004), 6
genera were determined among which Penicillium and Aspergillus were the most frequent.
Three Penicillium species were identified; the most frequent were P. brevicompactum and
P. solitum. The presence of P. verrucosum was not established. The presence of mycotoxi-
genic moulds, such as P. brevicompactum, indicates possible contamination of environmen-
tal area with mycophenolic acid (MPA). Results of investigation indicated that more com-
prehensive survey should be made in order to get a better insight of mycobiota in slaughter-
houses in Serbia.

KEY WORDS: moulds, slaughterhouses, contamination

INTRODUCTION

Fungi are ubiquitously distributed and they contaminate meat and meat
products which can further lead to meat spoilage. Contaminated meat also pre-
sents a health risk due to production of mycotoxins. The main sources of
moulds contaminating carcasses are air, water, walls and floors of slaughter-
houses (Refai et al, 1993). Refai et al. (1993) and Mansour (1986)
reported air as a source of Penicillium and Aspergillus. Mansour et al.
(1986) and Refai et al. (1993) reported that Aspergillus, Penicillium, Cla-
dosporium and Mucor were frequently isolated from the floors and walls of
slaughterhouses. Aim of this paper was to determine the occurrence of fila-
mentous moulds within two slaughterhouses by investigating air, water, envi-
ronment area and equipment in order to get a better insight of mycobiota in
slaughterhouses in Serbia.
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MATERIAL AND METHODS

The investigation was carried out in two beef slaughterhouses in central
Serbia, in mid-autumn. A total of 100 samples were taken, fifty samples from
each slaughterhouse. Ten samples of air, water, floors, walls and equipment
were analyzed mycologically on the plates of Dichloran-Rosebengal-Chlo-
ramphenicol-agar medium. In order to investigate the presence of spores in air,
exposed plate method was used, with each plate being exposed to the air of
the slaughterhouse for 1 minute. For the water-borne moulds, 1 ml of water
from water line within slaughterhouse was spread on each plate. Floor and
wall area of 100 cm? each was swabbed using template. All plates were incu-
bated at the temperature of 25°C for 7 days. Fungi were identified from ma-
cro- and microscopic features according to the criteria of Samson (2004)
and Pitt (1988).

RESULTS AND DISCUSSION

The obtained data from the slaughterhouses were joined. The results of
this study are presented in Table 1 and Figures 1 and 2. A total of six genera
and eleven species of moulds have been isolated from environmental swabs.
As it can be seen from the table, the most frequently isolated genera were Pe-
nicillium spp. and Aspergillus spp. Three Penicillium species were identified;
the most frequent were P. brevicompactum and P. solitum. In this study we
did not determine the production of mycotoxins. However, there were a couple
of them reported to be toxigenic (Ostry, 2001). The presence of myco-
toxigenic moulds, such as P. brevicompactum, indicates a possibility of conta-
mination of environmental area by mycophenolic acid (MPA). Presence of P.
verrucosum was not established. There were no moulds in the water from the
slaughterhouse pipelines which collides with the findings of Ismail (1995).
Regarding the equipment swabs, P. chrysogenum, P. brevicompactum and Cla-
dosporidium spp. were isolated in 2, 7 and 91% of the cases, respectively.
However, members of the genus Penicillium and Aspergillus are reported to
produce the widest range of mycotoxins, among which are ochratoxin A,
aflatoxins, patulin, citrinin, citreoviridin, griseofulvin, rubratoxin, and penicil-
lic, cyclopiazonic, secalonic, or mycophenolic acids. Regarding Cladosporium
spp. and Mucor spp., no report on their ability for mycotoxin production in
meat has been published so far (Ostry and Ruprich, 2001).

Tab. 1 — Species of moulds isolated from environmental area
. Incidence percentage
Species -
Air Water Floor Walls

Penicillium brevicompactum 19 0 8 2
Penicillium solitum 34 0 28

Penicillium chrysogenum 5 0 7 3
Aspergillus flavus 17 0 18

Aspergillus clavatus 0 0 2
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Aspergillus terreus
Cladosporium sphaerospermum
Cladosporium cladosporioides
Cladosporium herbarum
Scopulariopsis brevicaulis
Alternaria alternata

Mucor racemosus
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Fig. 1 — Share of Penicillium spp. and Aspergillus spp. in mycopopulation
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isolated from floor

47



100
90 1
80
70
60
50
40
30
20
10

0 I

Penicillium Aspergillus Other mycobiota

m| Walls

Fig. 3 — Share of Penicillium spp. and Aspergillus spp. in mycopopulation
isolated from walls

CONCLUSION

The spores of moulds are always present in the environment enabling
their survival even in extreme conditions. Therefore, it is practically impos-
sible to eliminate them from food. The most frequent genera were Penicillium
spp. and Aspergillus spp. There were no moulds in the water from the slaughter-
house pipelines. In general, the conditions during the slaughtering (relative
humidity, air circulation) are suitable for cross-contamination and development
of microscopic filamentous fungi on beef carcasses. Therefore, the prevention
of mould development in the meat of slaughtered animals, as well as in the
manufacturing rooms, stores and shops is of great importance in order to avoid
the risk of mycotoxin production.
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NIEHTUOUKALIMIA MUKOBUOTA
Y KNAHNYHUM OBJEKTUMA ¥V CPBEUJAU

CnaBuuia M. BeckoBuh-Mopauannx, bpanka P. boposuh,
Bpanko M. Beneour, Mnanen I1. Pamera, dparan P. Munuhesuh

WHcTUTYT 3a XUTMjeHy M TEXHOJIOTHjy Meca,
Kahanckor 13, beorpan, CpOuja

Pesnume

IlojaBa mecHM y KJIaHUYHUM OOjeKTMMa HUje MOXKe/bHA M CMaTpa ceé €KOHOM-
CKMM U €CTeTCKMM Ipo0JieMOM. Y LIMJby JIeTepMUHALIMje MUKOOMOTA Y J1Ba KJIaHUYHA
o0jekTa, Ba3myX, BoIa, pagHe MOBPIIMHE W OIlpeMa MCIUTAHU CY Ha MPUCYCTBO (puIa-
MeHTO3HUX TiecHu. Mcnurano je ykynHo 100 y3opaka. Mnentudukanujom mo Cam-
COHY YTBpl)eHO je TpHUCYcTBO 6 pomosa, a Hajuemrhu cy ownu Penicillium u Aspergil-
lus. UnentudurkosBaHe cy 3 Bpcte u3 pona Penicillium, a y Hajpehem Opojy y3opaka P.
brevicompactum u P. solitum. Huje yrBpheHo nipucyctBo P. verrucosum. IlpucyctBo
TOKCUT€HUX TUIECHU Kao IITO je P. brevicompactum ykazyje Ha MOTyRHOCT KOHTaMM-
HalMje pagHUX MOBpIIMHA MUKO(eHOoTHOM KuceanuHoM (MPA). Pesynaratu uctpaxu-
Barba yKasyjy Ha MoTpeOy MHTEH3WBHUjeTr MCIUTUBaba U WACHTU(DMKALMje TUIECHU Y
Ki1aHnyHoj uHayctpuju Cpouje.
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ANALYSIS OF OCHRATOXIN A IN PIG TISSUES
USING HIGH PRESSURE LIQUID CHROMATOGRAPHY
(HPLC) AND LIQUID CHROMATOGRAPHY
TANDEM MASS SPECTROMETRY (LC/MS/MS)

AS CONFIRMATIVE METHODS

ABSTRACT: Two different analytical methods for the determination and confirma-
tion of ochratoxin A (OTA) in blood serum, kidney and liver of pigs have been compared.
Sample clean-up was based on liquid-liquid phase extraction. The detection of OTA was ac-
complished with high-performance liquid chromatography (HPLC) combined either with
fluorescence detection (FL) or electro spray ionization (ESI+) tandem mass spectrometry
(MS-MS). Comparative method evaluation was based on the investigation of 82 samples of
blood serum, kidney and liver originating from different regions of Serbia. The analytical
results are discussed in view of the respective method validation data and the corresponding
experimental protocols. In general, analytical data obtained with LC-MS-MS detection of-
fered comparably good results in the sub-ppb concentration level indicating that the liquid
chromatography electro spray tandem mass spectrometric (LC-MS/MS) method was more
specific and sensitive for the analysis and confirmation of ochratoxin A in pig tissues than
high pressure liquid chromatography (HPLC) method after methylation of OTA.

KEYWORDS: ochratoxin A, pig, tissues, HPLC-FL, LC-MS/MS

INTRODUCTION

Ochratoxin A (OTA) is a mycotoxin produced by several Aspergillus and
Penicillium species on different agricultural commodities [1—3]. It is a potent
nephrotoxin and hepatotoxin with teratogenic, mutagenic and immunosuppres-
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sive effects. In humans, the consumption of OTA-contaminated food has been
related to the occurrence of Balkan endemic nephropathy [4], a disease cha-
racterized by severe kidney damage. In 1993, the International Agency for Re-
search on Cancer (IARC) classified OTA as possibly carcinogenic for humans
(group 2B) [5]. OTA occurs in a variety of food commodities of which cereals
and cereal products, coffee, beer and wine are the most important sources of
intake. Carry-over from contaminated feed-stuff has resulted in the detection
of OTA in porcine tissue (liver, kidneys) and pig blood [6] while the myco-
toxin is rapidly metabolized in ruminants [3]. Dietary exposure results in de-
tectable levels in human serum and reaches significantly high levels in patients
showing symptoms of ochratoxicosis [4]. Detection and determination of OTA
is performed by immunochemical methods like enzyme linked immunosorbent
assay (ELISA) [7] and chromatographic procedures, such as thin layer chroma-
tography with densitometry detection [8], and especially by high performance
liquid chromatography with fluorescence (LC-FLD) [9, 10, 11], mass spectro-
metry (LC-MS) [12] or tandem mass spectrometry (LC-MS-MS) detection
[13]. Residue analysis should be simple and rapid to prevent the distribution of
harmful products, but also economic enough to allow the development of pro-
grams for monitoring OTA over a wide number of food samples. Also,
analytical methods for determination of mycotoxins must be fully validated ac-
cording to the European specification [14] if they are to be used for the imple-
mentation of legislation and for monitoring and risk assessment studies. How-
ever, only a few of the methods found in the literature comply with these pre-
mises.

The purpose of this work was to develop a confirmative method which is
sensitive, reliable, cost effective, rapid and adaptable to a routine work on the
surveillance of ochratoxins A in pig tissues.

MATERIALS AND METHODS
Chemicals and reagents

OTA crystalline material was purchased from Sigma (St. Louis, MO,
USA). Stock concentrated solution was prepared in toluene-acetic acid (99:1
v/v) at final concentration of 1 mg/ml, kept in security conditions at —20°C,
and wrapped in aluminium foil due to the fact that OTA gradually breaks
down under UV light. The OTA working solution was prepared by diluting
the stock solution with toluene-acetic-acid (99:1 v/v) to ¢10 pg/ml. The actual
concentration of OTA was calculated using UV spectrophotometer set at 333
nm (e 5.550). After suitable dilutions in water-methanol-acetic acid (50:49:1
v/v/v), the working solution was used to prepare the external calibration curve.
A working standard OTA for HPLC was prepared just before starting the
injection of a series of samples. Other reagents were HPLC grade. All other
chemicals were reagent grade or chemically pure.
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Sample collection

During a six month period (September 2006/February 2007), samples of
blood, kidney and liver from each animal were collected from healthy slaugh-
tered pigs (n = 90) originating from three different regions of Serbia where
there is a significant swine industry. Slaughtered pigs were randomly sampled
in the slaughterhouse during meat inspection. Serum samples were collected
from each studied farm, and liver and kidneys were taken from the correspon-
ding animals. About 50 ml blood/pig was sampled when slaughtered pigs were
bled by jugular puncture. Blood samples remained at room temperature for 24
h to allow clotting to occur, and were then centrifuged at 3.000 x g for 20 mi-
nutes. Serum was decanted and stored at —20°C prior to analysis. About 100 g
of liver and whole kidney were sampled from each pig. The whole sample was
homogenized and stored at —20°C before analysis. No preservatives were added.

Extraction and clean-up for ochratoxin analyses from serum

Serum (0.8 ml) was extracted according to Curtui and Gareis [15] with
15% trichloroacetic acid (0.2 ml) and dichloromethane (1 ml) by vigorous
vortexing for 30 s in a 2 ml safe-lock polypropylene conical-bottom centrifuge
tube. The mixture was allowed to stand for 24 h at room temperature, and then
centrifuged at 14.000 x g for 10 minutes. The lower dichloromethane phase
was carefully withdrawn by a Pasteur pipette and transferred to a 1.5 ml safe-
-lock polypropylene conical bottom centrifuge tube. The acidic phase and the
compact precipitate layer formed between the two phases were re-extracted
with dichloromethane (0.5 ml) for 30 s on a vortex mixer and then centrifuged
for 5 min at 14.000 x g. The pooled dichloromethane extract was evaporated
to dryness at 40°C under a gentle nitrogen flow. The remaining residue was
dissolved in methanol (80 ml) and transferred to a 300 ul HPLC vial.

Extraction and clean-up for ochratoxin analyses from kidney and liver

Kidney and liver analyses were performed by the method of Matrella et
al. [16], which briefly includes a double extraction with acidic ethyl acetate.
The organic phase was removed and extracted with 0.5M NaHCO,, pH 8.4.
The aqueous extract was acidified to pH-2.5 with 7M H,PO,. OTA was finally
back extracted into ethyl acetate (3 ml). The organic phase was evaporated to
dryness under N, steam, reconstituted in 150 pl mobile phases and a 20 ul
aliquot injected.

Chromatographic conditions (HPLC)

An aliquot of 20 ul for serum samples and 50 ul for kidneys and liver
samples were injected onto a Waters Symmetry Shield RP (Reversed phase)
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18, high pressure liquid chromatography column (length and inner diameter
150 x 4,6 mm, particle size 5 um) on a Waters Alliance HPLC system. The
column was eluted with 4% acetic acid and acetonitrile (32:68 v/v) at 25°C
and a flow rate of 1 ml/min. The measurements were performed by fluorescen-
ce detection at wavelengths of 334 nm (excitation) and 460 nm (emission) ga-
ins 10. The standards were injected with a volume of 10 ul, while the samples
were injected with 20 ul. For more accuracy, 40 ul was re-injected in the case
of the samples with an amount of OTA near the detection limit.

Confirmation procedures

Extraction and clean-up for ochratoxin analyses from serum, liver and
kidney samples were performed by the methods described above [15, 16].
Sample extracts were evaporated to dryness under a gentle stream of nitrogen
and stored at —18°C prior to analysis.

HPLC-FL after methylation of OTA

The methyl esters of ochratoxin A were prepared by adding 50 ml of
methanol containing 14% of boron trifluoride (Sigma) to the evaporated sam-
ple extracts, and by keeping them at 80°C for 15 minutes [6]. Sample extracts
were then evaporated to dryness under a gentle stream of nitrogen and stored
at —18°C prior to analysis. Under the chromatographic conditions described
above, the retention time of the methyl esters of OTA was in the range of
3.455 minutes.

Quantitation

Quantitation for the HPLC-FL method was performed using an external
calibration curve from OTA and quantified using the standard addition method
with calibration points set at 0.05, 0.1, 0.5, 1 and 3 ng/g.

2.4.2. Confirmation of OTA by liquid chromatography tandem mass
spectrometric method (LC-MS/MS)

A Quattro II (Micro mass, UK) triple-quadrupole tandem mass spectro-
meter operated in the ESI+ mode using multiple reactions monitoring (MRM),
and an atmospheric pressure chemical ionization (APCI) source was used.
Data acquisition and processing, and instrument control were performed with
Microsoft Windows based Mass Lynx software (Micro mass) on a Pentium
Pro (Digital Equipment) computer. The following operating parameters were
used: The electro spray capillary was set at 3.2 kV and the cone at 30 V. The
ion source temperature was set at 115°C, and the flow rates for nitrogen bath
and spray were 700 I/h and 55 I/h, respectively. The collision energy was 18
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eV. The transition reactions monitored by LC-MS/MS were: precursor ions
(m/z) 404.1 [M+H]*, product ions (m/z) 358.5, and 239.4 of ochratoxin A.

Quantitation

External standard method. Calibration curves were constructed from the
responses of each ion monitored plus the total ion current for OTA.

Linearity, detection limit, relative standard deviation and recovery

Fifteen blank samples were spiked with OTA standards at five different
levels (0.05, 0.1, 0.5, 1 and 3 ng OTA/g). From the obtained responses (area
of the mycotoxin divided by the area of the standard) the correlation coeffi-
cient (R) and limit of detection (LOD) were calculated. This LOD was verified
by the signal-to-noise (S/N) ratio approach, measuring the chromatographic re-
sponse of the compound and the chromatographic noise, which should be more
than 3 for each compound. The coefficient of variation (C.V.) was calculated
according to the five samples spiked at the same concentration level (the
highest spiking level), which was performed under the same conditions. The
overall recoveries of toxins were expressed as the mean recovery of three stan-
dards (n = 3) on two different days. The term recovery in this paper means the
amount of substance obtained in the last quantification step (after the extract-
ion) in relation to the amount of substance added to the material before the
extraction, and is expressed as a percentage.

Statistical analyses
The arithmetic mean, standard deviation, the coefficient of variation (C.V.

%), and the variance were calculated. The ¢ test, double-sided, paired data, was
used to determine the significance between the treatments.

RESULTS AND DISCUSSION
The results from these LC/MS/MS quantitation methods were compared
with those from the conventional HPLC-FI method and are summarized in Ta-
ble 1 and 2, and Figure 1 and 2.
Method performance by HPLC-FL
The limit of detection (LOD) (S/N, 3:1) and the limit of quantification

(LOQ) (S/N, 7:1) were estimated at 0.05, 0.1, 0.5, 1 and 3 ng OTA/ml(g), and
were 0.1 and 0.2 ng/ml for serum samples, while the recovery was 86.8%
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(C.V. = 9.6%). The limit of detection (LOD) (S/N, 3:1) and the limit of
quantification (LOQ) (S/N, 7:1) for kidney and liver samples were 0.14 and
0.25 ng/g with a 71% (C.V. = 12%) mean recovery from artificially contami-
nated samples (n = 5).

Method performance by LC-MS/MS

The LOD and LOQ for serum were 0.20 and 0.40 ng/ml, while for
kidney and liver were 0.25 and 0.50, respectively. Analyzed according to the
proposed method, the recoveries obtained for kidney and liver samples, spiked
at five levels (n = 5), ranged from 77 to 89% (C.V. = 13.9%).

Tab. 1 — Validation data according to the methods of HPLC-FD and LC-MS/MS

s Separation/detection
n =
(0.05, 0.1, 05, 1, and 3 ppb) HPLC-FL LC-MS/MS

Serum Kidney Liver Serum Kidney Liver
Limit of detection (ppb) 0.1 0.14 0.14 0.20 0.25 0.25
Limit of quantification (ppb) 0.20 0.25 0.25 0.40 0.50 0.50
Mean recovery (%) 86.8 71 92 77—89
C.V. (%) 9.6 12 6.70 13.9

Application to the real sample

The proposed method of extraction, followed by HPLC-FL and LC-MS/
MS, was applied to 82 samples of serum, liver and kidney (Table 2). Figures 1
and 2 show the HPLC-FL, before and after methylation procedure, and LC-
-MS/MS chromatograms obtained by the proposed extraction procedure for po-
sitive samples. For tissue samples, the obtained results are shown in Table 2.
The presence of OTA was detected by HPLC-FL in 82 out of 270 (30%) samp-
les, whereas LC-MC/MS confirmed this in 78 samples. In 2.2% of the kidney
samples, OTA levels were considerably higher and greatly exceeded the per-
missible levels of these toxins established in Serbia, including those proposed
(10 ng/g) by the JECFA (2001) [17]. The presence of OTA was not detected
by HPLC-FL, after methylation of OTA, in a positive sample which contained
low levels of OTA (Figure 2 B1 and C1). The presence of problems due to the
coextractive substances in the matrix was also observed by Wood et al. (1995)
[23], thus, a confirmation of the positive analysis was necessary. This problem
was resolved with confirmation procedures achieved by LC-MS/MS.
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Tab. 2 — Incidence of ochratoxin A in different samples analyzed by LC-MS/MS method

No. No. of samples with OTA level max. value of
Samples
of samples < LOD LOD-LOQ > LOQ OTA (ng/g)
Serum 28 — 7 21 220.8
Liver 24 2 3 19 14.5
Kidney 30 2 6 22 52.5
Total 82 4 16 62 14.5—220.8
LOD and LOQ (See Materials and Methods)
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Fig. 1 — Chromatograms (HPLC-FL A, B,s C and LC-MS/MS Al, BI1, Cl)
of a positive sample of serum, liver and kidney samples containing 220.8 ng/ml,
14.5 and 52.5 ng/g of OTA, respectively
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Fig. 2 — LC-MS/MS (A, B, C) and HPLC-FL (A1, B1, C1 with methylation)
Chromatograms of a positive sample of serum, liver and kidney containing 220.8 ng/ml,
14.5 and 17 ng/g of OTA, respectively

The main differences in the performance of the detection techniques can
be divided into three aspects: (i) sensitivity, (ii) unambiguous identification of
the analytes, and (iii) necessary selectivity of sample clean-up to obtain non-
-biased results. The excellent detection limits are certainly an advantage of
HPLC-FL. On the other hand, the LOD for MS/MS detection is 0.2 ng/ml and
0.25 ng/g, which is comparable with an earlier LC-MS/MS investigation of
OTA in samples of serum, liver and kidney. Triple-quadrupole analyzers
display high sensitivity when working in multiple reaction monitoring (MRM)
mode, and are, thus, best suited to obtain the strict MRLs regulated for various
toxic compounds in different food matrices. However, the MS method could
be made more sensitive by using more samples for the liquid-liquid or SPE
procedure. Higher concentration of matrix constituents should not pose any
problems since no interfering peaks were observed in the LC-MS-MS chroma-
tograms (Figures 1 and 2). Furthermore, MS sensitivity achieved in this and
the previous study [19] can be considered sufficient to measure OTA concen-
trations in contaminated samples which could pose a threat to human health,
taking WHO guidelines into account [20].

Considering the unambiguous analyte identification, the fluorescence pro-
perties of OTA may not provide a sufficient degree of certainty. To counteract
this disadvantage, confirmation procedures are mainly performed by derivati-
zation of OTA into its methyl ester using BF3/MeOH and the subsequent de-
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termination of this compound. This method, however, poses two problems.
First, the purity of the reagent employed is frequently uncertain so it itself
could give rise to interferences [21]. Secondly, this method is not efficient for
the confirmation of low levels of OTA [22, 23]. In the HPLC-FL chromato-
grams (Figure 2 B1) such signals are completely absent. Confirmation through
the hydrolysis of OTA into OT— by the enzyme carboxypeptidase A is also
employed in some studies and we have already used it for the confirmation of
OTA in human plasma samples [24]. This procedure is no longer used in our
laboratory because the identification of OTa is problematic due to its ap-
pearance at low retention time along with other substances in the sample. With
MS/MS as a detection system, no further confirmation step is necessary, and
this enables the avoidance of any error-prone derivatization steps and any
further chromatographic analyses. In conclusion, the proposed method is an
inexpensive, rapid, straightforward clean-up procedure for determining OTA in
tissues, since around 10 samples can be processed per day.

CONCLUSION

A relatively high number of publications on the analyses of toxic sub-
stances in food samples by LC coupled with MS/MS shows that this technique
has become a powerful tool in the quality control of food products and the
safeguarding of human health. This paper has demonstrated excellent sensiti-
vity and specificity of the LC-MS/MS method in the quantitative determi-
nation and confirmation of OTA in the samples of pig tissues at low- and
sub-ppb levels. Despite lower sensitivity of the LC-MS/MS technique, this
methodology has several advantages in terms of sample preparation, easy auto-
matization and unambiguous analyte identification without any further time-
-consuming and error-prone confirmation steps. From this point of view, it
seems that sample preparation and chromatographic separation may be simpli-
fied or even eliminated to achieve the highest possible sample throughput as,
for example, in drug screening, pharmacokinetics and other areas of life sci-
ences. The evaluation of the method with naturally contaminated samples de-
monstrated that the accuracy of the results is comparable to the most reliable
HPLC-FL procedures, and that MS sensitivity is sufficiently high, taking into
account the proposed OTA tolerance levels within the European Union. Since
the detection of OTA in tissues of Serbian slaughtered swine that we analyzed
serve as an end-point indicator of the widespread occurrence of OTA, it is im-
portant to determine which foods would be contaminated with this potent natu-
ral toxin. With the present analytical procedure, it should be possible to carry
out surveillance on grains, animal feeds, meat, meat products and other food-
stuffs to determine contamination levels of this toxin. As these techniques im-
prove and become standardized, less controversial and more scientific eva-
luation of the human risks from exposure to mycotoxins will be possible [25].

59



REFERENCES

Assouline-Dayan, Y, Leong A., Shoenfeld, Y, Gershwin, M. E. J.
(2002): Asthma. 39: 191.

Barna-Vetro, L, Solti, L., Teren,J, Gyongyosi, A, Szabo, E, Wolf-
ling A. (1996): J. Agric. Food Chem. 44, 4071.

Bauer, J.,, Gareis, M., Gedek, B. (1984): Detection and occurrence of ochra-
toxin A in pigs for slaughter. Berl. Muench. Tieraerztl. Wsch. 97:279—283 (in
German).

Commission Directive (EC) No. 2002/26/EC of 13 March 2002. (2002): Laying Down
the Sampling Methods and the Methods Of Analysis for the Official Control of the
Levels of Ochratoxin A in Foodstuffs. L 75, 38.

Creppy, E. E. (1999): J. Toxicol : Toxin Rev. 18 277.

Curtui, V. G. and Gareis, M. (2001): A simple HPLC method for the determi-
nation of the mycotoxins ochratoxin A and B in blood serum of swine. Food Ad-
dit. Contam. 18(7), 635—43.

Eskola, M., Parikka, P, Rizzo, A. (2001): Food Addit. Contam. 18, 707.

Eskola, M., Kokkonen, M., Rizzo, A. (2002): J. Agric. Food Chem. 50, 41.

Evaluation of Certain Food Additives and Contaminants. (1995): In: The 37t Report of
the Joint FAO/WHO Expert Committee on Food Additives, WHO Technical Re-
port Series No. 859, WHO, Geneva, Switzerland.

Gareis, M. (1999): Vorkommen der Mykotoxine Ochratoxin A und B in deutscher
Braugerste und daraus hergestelltem Malz. Archiv fiir Lebensmittelhygiene, 50,
83—87.

Hult, K, Hokby, E, Gatenbeck, S., Rutquist, L. (1980): Ochratoxin A in
blood from slaughter pigs in Sweden: use in evaluation of toxin content in con-
sumed feed. Appl. And Environ. Microbiol., 39, 822—830.

IARC (1993): Monographs on the Evaluation of Carcinogenic Risks to Humans. vol 56,
TARC, Geneva, Switzerland.

JECFA (2001): Toxicological evaluation of certain food additives. In: Proc. Fifty-sixth
Meeting of JECFA, WHO Food Additives Series: Geneva, Switzerland.

Jorgensen, K. (1998): Survey of pork, poultry, coffee, beer and pulses for ochra-
toxin A. Food Addit. Contam. 15:550—554.

Krogh, P. (Ed.) (1987): Mycotoxins in Food, Academic Press, London.

Matrella, R, L. Monaci, L., Milillo, M. A, Palmisano, F., Tantillo,
M. G. (2006): Ochratoxin A determination in paired kidneys and muscle samples
from swines slaughtered in southern Italy. Food Control 17 114—117.

Miller, J. D.,, Trenholm, H. L. (Eds.) (1994): Mycotoxins in Grain-Compounds
Other Than Aflatoxin. Eagan Press, St. Paul, USA.

Richard, J. L., Plattner, R. D.,, May, J., Liska, S. L. (1999): Mycopatho-
logia 146 99.

Santos, E. A, Vargas, E. A. (2002): Food Addit Contam. 19 447.

Valenta, H. (1998): Chromatographic methods for the determination of ochratoxin
A in animal and human tissues and fluids. Journal of Chromatography A, 815,
75—92.

Visconti, A, Pascale, M., Centonze, G. (1999): J. Chromatogr. A 864 89.

Weidenborner, M. (2001): Encyclopedia of Food Mycotoxins. Springer, Berlin,
Germany.

60



Wood, G. M,, Entwisle, A. C.,, Patel, S., Hald, B.,, Boenke, A. (1995):
Nat. Toxins 3 275.

Zimmerli B, Dick, R. (1995): J Chromatogr B 666:85—99.

Zollner, P, Leitner, A.,, Lubda, D.,, Cabrera, K, Lindner, W. (2000):
Chromatographia 52 818.

AHAJIN3A TIPUCYCTBA PE3MAYA OXPATOKCHUHA A
Y TKUBUMA CBUHA YITIOTPEBOM BUCOKOE®UKACHE
TEYHE XPOMATOTIPA®MIE (HPLC) U TEHHE XPOMATOTI'PA®UIE
CA MACEHOM CITEKTPOMETPUIOM (LC/MS/MS)
KAO KOHOUPMATUBHUX TEXHUKA

Hparan P. Munuhepuh!, Bepuua b. Jypuh?, Cphan M. Credanosuh!,
CnaBuiia M. BeckoBuh-Mopauanun!, Cama WM. JankoBuh!

I ITHCTUTYT 3a XWTHjeHY W TeXHOJIOTHjy Meca, beorpan,
Kahanckor 13, 11000 Bbeorpan, Cp6uja
2 JlemrapT™MaH 3a ctoyapcTBo, [lospompuBpenHu (akyaTeT YHUBEp3UTETA
y HoBom Cany, Tpr Hocuteja O6pamosuha 10, 21000 HoBu Cax, Cpbuja

Pesnume

Y OBOM pajay MpMKa3aHM Cy pe3yaraTu mnopehera ABe aHAIUTMUKE TEXHUKE 3a
onpehuBame TpucycTBa U KoHbUpmauujy pesumya oxpatokcuHa A (OTA) y KpBHOj
mw1a3Mu, jeTpu u Oyopesnma cBumba. [IpeuninhaBame eKcTpakTa M3BPILIEHO je MO Me-
TOIM 3a TEYHO-TEUHY eKCTpaklujy, a 3a nerekiujy OTA kopuirheHa je Bucokoeduka-
cHa TeyHa xpomartorpaduja ca ¢ayopecueHTHUM netekropom (HPLC-FL) u Teuna
xpoMarorpaduja ca MaceHoM crekrpomeTpujoM (LC-MS/MS). Tlopehewe Merona u3-
BPIIIEHO jé Ha OCHOBY aHaju3e 82 y30pKa KpBHE ILIa3Me, jeTpe U OyOpera CBHUiba, IO-
PEKJIOM ca pa3anuyuTux Jokanutera Cpouje. JloOujeHn pe3yiaTatu cy TyMadyeHU CXOIHO
METOIOJIOTUj! TpeABUl)eHOj 3a BaJMuIallldjy, a Ha OCHOBY oAroBapajyher jgabopaTopuj-
CKOT' MpoTokosa. Ha ocHOBY 100MjeHUX pe3ysTaTa MOXE Ce 3aK/bYyYUTU Ja Cy YHoTpe-
6om TeuHe xpomaTorpaduje ca maceHoMm criekrpomerpujom (LC-MS/MS) nerekroBaHe
BpJo Hucke koHueHTpauuje OTA (sub ppb), mro ykasyje na je LC-MS/MS TexHuka
MHOro crneur@uuHUja ¥ CEH3UTUBHMja 3a oapeluBambe MPUCYCTBA M KOH(MUPMALIN]Y
OTA y TKMBMMaA CBUHba, Y OJHOCY Ha YOOMYajeHU NEepUBATU3ALMOHMU MOCTYINAK yMo-
tpebom HPLC-FL TexHuke.
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PRESENCE OF MOULDS AND
AFLATOXIN M1 IN MILK

ABSTRACT: Aflatoxin M1 (AFM1) appears in milk or dairy products as a direct re-
sult of the cattle’s ingestion of feed contaminated with aflatoxin B1 (AFB1).

This study comprises mycological and mycotoxicological investigations of 23 milk
samples (raw, infant food, pasteurized, whey and yoghurt).

The mycological testing showed dominant presence of genus Geotrichum. G. candi-
dum was found in 9 samples, with the highest contamination in the raw milk samples.

The contamination level of AMI is defined by using direct competitive enzyme-
-linked immunosorbent assay (ELISA). AFM1 was found in 9 samples. AFM1 levels were
lower than the recommended limits.

However, as AFMI is considered a probable human carcinogen (2B type), it is
necessary to achieve a low level of AFM1 in milk.

Therefore, cows’ feed samples from various cowsheds are supposed to be evaluated
routinely for aflatoxin, and kept away from fungal contamination as much as possible.

KEYWORDS: milk, moulds, aflatoxin M1, enzyme immunoassay (ELISA)

INTRODUCTION

Aflatoxins are extremely toxic metabolites produced by the common fun-
gi Aspergillus flavus, A. parasiticus and A. nomius (Baskaya et al., 2000).
The most important are aflatoxin B,(AB,), G(AG,) and their dihydro deriva-
tives AB, and AG,. Given that they are some of the most powerful mutagens
and carcinogens, and on the basis of all-round scientific knowledge, in 1987
IARC classified them into Group 1 of human carcinogens.
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Aflatoxin M1 appears in milk and milk products as a direct result of the
intake of aflatoxin B1 contaminated feed by dairy cows (Van Egmond,
1989). AB1 may occur in various agricultural products that are used as feed-
stuff ingredients. The amount excreted as AMI, as a percentage of AB1 in
feed, is usually 1—3%, but the values as high as 6% were reported by Pitet,
1998. Rothschild (1992) classified L.J. Rothschild , IARC classes AFBI1 as
class 1 human carcinogen. Food Chem. 34 (1992), pp. 62—66. AFM1 as 2B
(probable carcinogen) human carcinogens. Lafont, Siriwardana and Lafont
(1989) have also observed that AFM1 has high genotoxic activity, although
AFMI1 has been found to be about 10 times less carcinogenic than AFB1. In
2002, TARC classified AM1 into Group 1.

The risk posed by aflatoxins has been faced differently in different coun-
tries. In Europe, the maximum tolerated levels of AFMI1 in milk and dairy
products were regulated firstly by Regulation CE 2174/2003 (Off. J. Eur.
Communities, 2003) that modified Regulation CE 466/2001 (Off. J. Eur. Com-
munities, 2001), and then by Regulation 1881/2006 (Off. J. Eur. Communities,
2006). In accordance with these norms, the product to be screened is milk, in
which AFM1 concentration must not exceed 0.05 mg/kg, while dairy products
must be obtained using milk conforming to the above AFMI limits.

In Serbia, maximum tolerated level of AMI1 is 0.5 mg/kg (Official Ga-
zette of SRY, No. 11/92).

This study was carried out to evaluate the presence of moulds and the
prevalence of milk contamination with AMI.

MATERIALS AND METHODS
Mycological research

The mycological research encompassed determination of the total number
of moulds in 1 ml of the tested samples and their identification. Twenty three
different samples were tested (raw milk, infant food, whey, yoghurt and pa-
steurized milk). Seven samples of raw milk were taken from PKB, veterinary
station, while the other samples were taken from the market.

Determination of the total number of moulds in 1 ml of milk was con-
ducted in duplicate, according to the standard laboratory procedure.

Two types of culture media were used: Sabouraud-maltose agar (SMA)
with the addition of antibiotics (1 ml chloramphenicol per 100ml of medium),
and maltose yeast extract agar with 50% of glucose. The isolated species were
identified on the basis of investigation of the macromorphological properties
of colonies and micromorphological properties of conidial and other structures,
and according to the key described by Samson and van Reenen-Ho-
ekstra, 1988.
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Mycotoxicological research

The quantitative analyses of AFMI1 were performed with the enzyme
immunoassay: Tecna — aflatoxin M1. The test kit is sufficient for 96 determi-
nations (including the calibration curve).

The basis of the test is the antigen-antibody reaction. The wells in the
microtiter strips are coated with specific antibodies reactive to AFM1. By ad-
ding AFMI1 standards, or the sample solutions, the antibody binding sites are
occupied proportionally to the AFM1 concentration. Any remaining free bin-
ding sites are occupied in the next stage by enzyme labeled toxin (enzyme
conjugate). Any unbound enzyme conjugates are then removed in a washing
step. Enzyme substrate (urea peroxide) and chromogen (tetramethylbenzidine)
are added to the wells and incubated. Bound enzyme conjugate converts the
colourless chromogen into a blue product. The addition of the stop reagent
leads to a colour change from blue to yellow. The measurement is made
photometrically at 450 nm (optional reference wavelength 600 nm). The ab-
sorption is inversely proportional to the AFMI1 concentration in the sample.

RESULTS AND DISCUSSION
Mycological results

Eleven samples were without growth, while raw milk (samples 2 and 5)
and infant food (sample 9) had the highest contamination level (4 - 103/ml).
Whey samples showed growth from 1.2 - 10%/ml to 2 - 10?/ml (Table 1). Com-
parison of the results pointed out that there were no drastic differences bet-
ween the numbers of moulds grown on the two culture mediums.

According to the mycological research, genus Geotrichum was dominant
in 9 out of 23 samples. The remaining moulds were from genus Aspergillus.
G. candidum was isolated in raw milk (samples 1, 2, 3, 5 and 7), infant food
(9 and 10), pasteurized milk (17) and yoghurt (sample 22). The level of con-
tamination with G. candidum was the smallest in the samples 3, 7, 10, 17
and 22, while the samples 2, 5 and 9 had the highest level of contamination
(4 - 103/ml).

Aspergillus spp. were dominant in whey samples (14, 15 and 16), with
the level of presence ranging from 1.2/ml — 2 - 10%ml.

The results are similar to the results of Torkar et al. (2007), who reported
that the genera most frequently isolated from raw milk belonged to genera Ge-
otrichum (51.5% of strains) and Aspergillus (33.8% of strains).

The presence of toxic metabolite AM1
Out of a total of 23 samples of various milk (raw, infant food, pasteuri-

zed, whey and yoghurt), 9 samples contained AFMI1 in the quantities ranging
from 0.007 to 0.250 ug/kg . AFM1 was not detected in any of the 6 samples
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of pasteurized milk. The presence of AFM1 was very low in infant food (sam-
ple 9) and yoghurt (sample 20). All detected concentrations were practically
below the maximum tolerated levels of AM1 — 0.5 ug/kg (Official Gazette of
SRY, No. 11/92). Only three samples (raw milk) showed concentrations higher
than the maximum tolerance limit of 0.05 ug/kg accepted by the EU regula-
tions (samples of raw milk — 1, 2 and 5).

The percentages of absorbance obtained by the competitive enzyme im-
munoassay with the calibration curve (Table 1) allow the calculation of AFM1
concentration in mg/kg in the positive samples, for each type of milk.

Tab. 1 — Concentration of AMI1 and total number of moulds in 1ml of milk
Sample Aflatoxin M1 (ug - kg-1) Total No. (moulds/ml)
Raw milk 1 0.250 3103
Raw milk 2 0.120 4 .103
Raw milk 3 0 20
Raw milk 4 0 0
Raw milk 5 0.200 4 -103
Raw milk 6 0 0
Raw milk 7 0.02 30
Infant food 8 0 0
Infant food 9 0.02 4 .103
Infant food 10 0 20
Pasteurized milk 11 0 0
pasteurized milk 12 0 0
pasteurized milk 13 0 0
Whey 14 0.042 2 -102
Whey 15 0.020 2 - 102
Whey 16 0.008 1.2 - 102
pasteurized milk 17 0 15
pasteurized milk 18 0 0
pasteurized milk 19 0 0
Yoghurt 20 0.007 0
Yoghurt 21 0 0
Yoghurt 22 0 20
Yoghurt 23 0 0

Considering the evaluation of AM1 by ELISA, in Italy, AFM1 was found
in 16.6% of the cheeses tested. 31.3% of these were sheep-goat cheeses,
27.2% were cow cheeses, 16.7% were goat cheeses, and 12.8% sheep cheeses
with no significant differences (p > 0.05). All the samples of buffalo milk
cheese were consistently negative. Overall, the AFM1 values ranged from 50
to 250 ppt. Specifically, the concentrations of AFM1 in goat cheese ranged
from 90 to 250 ppt, in cow cheese from 50 to 160 ppt, in sheep cheese from
50 to 215, and in sheep-goat cheese from 55 to 140 ppt (Montagna et al.,
2008).

In Argentina, of a total of 77 various types of milk samples, with scre-
ening ELISA method, only 18 samples (approximately 23 %) were found to be
contaminated with AFMI1 at 0.010—0.030 pg/kg. All concentrations were
below the maximum tolerated levels of AFMI in liquid milk and powdered
milk (Lopez et al.,, 2002).
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In Iran, aflatoxin M1 was found in 100% of the examined milk samples.
390 samples (62.5%) had contamination less than 45 ng/l of AFMI1, 123 sam-
ples (19.7%) contained 45—50 ng/l, 94 samples (15.1%) contained 50—80
ng/l, and the remaining 2.7% of the samples contained more than 80 ng/l of
AFMI. In general, regardless of the 19.7% of the samples that were in border-
line limit (45—50 ng/l), the amount of AFMI in 17.8% of the samples was
higher than the maximum tolerance limit (50 ng/l) accepted by the European
Union (Alborzi et al., 2005).

CONCLUSION

In conclusion, considering that for various reasons many regions are obli-
ged to feed dairy animals on stored forage or industrially produced pellets, it
is important to reduce the occurrence of toxins (AFB1) in feedstuff and take
prophylactic measures to prevent the factors enhancing toxin production. These
factors include environmental temperature, humidity, and moisture content of
the feed, as well as pH and mechanical damage to the grain affecting mould
production.

Moreover, since AFM1 is well known to be mutagenic and carcinogenic,
international regulations ensuring a minimal presence of this aflatoxin in che-
eses are needed. In fact, by having a common European norm concerning the
AFMI threshold limits for dairy products, it will be possible to guarantee the
distribution of safer, healthier foods, particularly in the light of the current
norms on internal controls and HACCP (Off. J. Eur. Communities, 2004).
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YTBPHBUBAILE TMTPUCYCTBA ITIJIECHU
N ADJIATOKCHMHA M1 Y MIIEKY

Becna B. Jankosuh!, Jenena b. BykojeBuh?, Bpankuia M. Jlakuhesuh!,
Pagmuna P. Murposuh!, Iejan W. Bykosuh3

I MucTtuTyT 3a XxurujeHy u TexHosiorujy meca, Kahanckor 13, Beorpan, Cpouja
2 uctutyT 3a 60oTaHuKy, buonomku dakynrer, TakoBcka 43, Beorpam, Cpb6uja
3 Berepunapcka cranuua, I1KB, IMaguHcka ckena 23, beorpan, Cpouja

Pesnme

Pag oOyxBaTa MMKOJIOIIKY M MHUKOTOKCHKOJIOLIKY aHaiau3y 23 y30pka MJeKa
(cBexe KpaBbe MJIEKO, Jiedja XpaHa, MacTepu30BaHO MJIEKO, CypyTKa U jorypT). Muko-
JIOIIIKA MCIIMTHBama oOyxBarajia ¢y oapehuBame yKymmHor Opoja miecHu y 1 ml y3opka
Ha naBe nomiore SMA u MA. JletepMuHaliija MJIECHU M3BpPIIEHA je HA OCHOBY MUKpPO-
MOPMOJIOMKUX 1 MAaKPOMOP(OIOIIKMX OCOOMHA HAa OCHOBY OATOBapajyhux Kbydyena.
MMKOTOKCHKOJIOIIKA UCITUTUBakha o0yxBaTaja cy yTBphuBame rnpucyctBa AM1 kopu-
mhewem ELISA Ttecta dupme TenHa.

JleTepMUHALIMjOM TUIECHM yTBpleHa je TOMUHAHTHOCT BpcTe Geotrichum candi-
dum. MUKOTOKCHUKOJIOIIKA UCITUTUBaHa MOTBPAUIA Cy 3APAaBCTBEHY MCIPABHOCT CBUX
y3opaka rnpema Hamiem [IpaBUIHUKY.

Heomnxonto je 06e30eauT MOHUTOPUHT CTOYHE XpaHe Ha IpucycTtBo AB1, cBe-
»ker muieka Ha AMI, kao u oaropapajyhe arpoTeXHMYKe Mepe.

IIpojekroBaHo ToBehame Temreparype Ha TJI0OTHOM HMBOY U YYeCTaJOCT U
Tpajakbe TOIUIOTHMX MHTepBaja MoOry moBehaTu pusMK KOHTaMMHalUje a(aaTOKCUHU-
Ma U y YMEPEHUM KJIMMATCKUM pEeruoHUMa.
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OCHRATOXIN A ,,IN VITRO” BIOSYNTHESIS
BY THE ASPERGILLUS OCHRACEUS E’G ISOLATE

ABSTRACT: This paper deals with the biosynthetic capacity for ochratoxin A (OTA)
production by Aspergillus ochraceus E’G isolate derived from A. ochraceus CBS 108.08
strain, during 2007. Preliminary analysis of fungal potential for the production of OTA
were performed according to the modified method of Filtenborg et al. (1983). Toxin
production was tested in the following liquid media: (i) glucose-peptone-yeast extract broth
(GPY — pH 5.6), (ii) potato-dextrose broth (PDB — pH 6.9), (iii) yeast extract-sucrose
broth (YES — pH 6.5), and (iv) YES broth supplemented with 0.23 mg/l ZnSO,4 x 5 H,O
(YESZn — pH 6.5) after stationary and submerged cultivation. Dynamics of OTA biosyn-
thesis was tested after the cultivation of A. ochraceus E’G on natural solid substrates, such
as wet sterilized rice, corn and wheat grain. Cultivations were performed during different
time periods (ranging from four days to few weeks) at different temperatures (ranging from
21°C to 30°C).

The presence of OTA was determined as follows: (i) in liquid media according to the
method of Balzer et al. (1978) modified by Bo¢arov-Stanc¢ic¢ et al. (2003), and
(i1) in the solid substrates according to the Serbian official methods for sampling and
analyzing of fodder (Official Gazette of SFRY, No. 15/87).

After the cultivation of A. ochraceus E’G isolate in liquid media, the highest yield of
OTA (6.4 mg/l) was obtained after submerged cultivation in PDB (4 days, 128 rpm,
21—23°C). In the case of cultivation on solid substrates, the highest amount of OTA (800.0
mg/kg of dry matter) was recorded after several week long cultivation on wheat grain at
30 £ 1°C.

KEY WORDS: Aspergillus ochraceus, ochratoxin A, in vitro biosynthesis
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INTRODUCTION

Ochratoxin A (OTA) is a potent kidney toxin which causes birth defects
in test animals (rats, hamsters and mice). In terms of livestock and human
health this mycotoxin is particularly important for the poultry and swine, be-
cause these monogastric animals lack the ability to degrade OTA rapidly, as
compared to ruminants.

Ochratoxin A is the contaminant of a variety of plants and animal pro-
ducts. Although this mycotoxin is a world wide problem, its impact is the
greatest in temperate regions where great amount of world’s grain is produced
and stored. Because of that, OTA has become a major concern to livestock
producers, especially in Europe and North America. Once induced into feed of
monogastric animals, it contaminates eggs, organs, fat, muscle tissue and
blood (Abramson, 2008). The main sources of ochratoxin A in human diet
are undoubtedly cereal products and swine products, although other commo-
dities, such as coffee, wine, beer, cheese, poultry products, pepper etc. may
also contain traces of this toxin (Gatti et al.,, 2003; Tjamos et al., 2004;
Mahdavi etal, 2007). Medina et al. (2004) even hypothesized that bee
pollen may constitute an important risk factor concerning the presence of OTA
in the diet of consumers of that nutritious food.

A number of authors reported about the importance of OTA as one of the
basic contaminants of fodder and feed components in the Republic of Serbia.
During 1993—2003 period, Jaki¢-Dimic¢ et al. (2003) analyzed 220
samples of fodder types for different growth categories of cattle and found that
OTA and zearalenone were the most frequent contaminants. In 2004, in the
samples of stored barley, taken from Kragujevac locality and intended for live-
stock nutrition, Skrinjar et al. (2007) recorded the presence of ochratoxin
A in all samples, in the concentrations ranging from 0.54 to 7.3 ug/kg. Ac-
cording to Jurid¢ et al. (2005), OTA occurrence is a serious problem in Ser-
bia. In a 3-year period these authors analyzed 229 samples of feed components
and found this mycotoxin in 50% of maize samples, and even 100% of
sunflower pellets; the highest concentrations of OTA were 0.5—1.0 mg/kg.

Ochratoxin A can be produced by the number of fungal species belonging
to the genera Aspergillus and Penicillium, but principal producers of this
mycotoxin are A. ochraceus in warm regions of the world, and P. aurantiogri-
seum in temperate climates (Frisvald and Samson, 1991). As a rule,
Aspergillus species grow in conditions of low water activity (min. 16%) and
high temperatures, unlike typical field mycobiota, such as Fusarium species.
Under laboratory conditions, they can grow in the range of 4.5—8.0 pH value,
although the optimal pH for their growth is 5.5—7.5. Since the Aspergillus
species, as well as other fungal species, are strictly aerobic, they generally
require minimum 1—2% of oxygen for growth (Sinovec et al., 2006).

Accordingly, the aim of this paper was to examine the kinetics of OTA
biosynthesis under laboratory conditions, and to complete the optimization of
conditions for the OTA production by the newly isolated culture of A. ochra-
ceus designated E’G.
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MATERIAL AND METHODS

Microorganisms. Aspergillus ochraceus Wilhelm isolate E’G, derived in
2007 from CBS 108.08 strain, and CBS 108.08, known as ochratoxin A
(OTA) producer, were investigated. The E’G isolate was obtained from the
CBS 108.08 colony that showed segregation during 10-day growth on yeast
extract (2%) sucrose (15%) agar (2%) with the addition of 0.23 mg/l ZnSO, x
5 H,0 (YESA?, pH 6.5) (Miichlencoert, 2004) at 27 + 1°C. The ob-
tained isolate E’ morphologically differed from the parent one: smaller coni-
dial heads were observed (average diameter 173 um compared with 244 um of
the original strain CBS 108.08). Also, the colour of the colony grown on po-
tato-dextrose agar (PDA) was not typically ocher but rather green. After
sowing of E’ isolate on PDA plates and 10-day cultivation at 27 + 1°C, the
observed characteristics remained unchanged. After one year storage on PDA
slants at 4—6°C, the E’ isolate did not show any growth during the subculti-
vation on PDA plates at 27 + 1°C, so the nutrient broth was used for enrich-
ment and revivification of the E’ culture. This procedure resulted in con-
sistently olive green colony colour and smaller conidial heads during the culti-
vation on PDA at 27 + 1°C, as well as at 30 = 1°C. The obtained isolate was
designated as E’G.

Preliminary analyses of fungal potential to produce OTA were performed
according to the rapid screening method of Filtenborg et al. (1983) mo-
dified by Bocarov-Stanci¢ et al. (in press) on the following media:
YESA (2% yeast extract, 15% sucrose and 2% agar, pH 6.5), YESA? (2%
yeast extract, 15% sucrose, 0.23 mg/l ZnSO, x 5 H,0O, and 2% agar, pH 6.5),
PPSA (2% peptone-1, 15% sucrose and 2% agar, pH 6.5), PPSA% ( 2% pep-
tone-1, 15% sucrose, 0.23 mg/l ZnSO, x 5 H,O and 2% agar, pH 6.5) and
PDA (potato-dextrose agar, pH 6.9).

Inoculations of liquid and natural solid fermentation media for testing ki-
netics of OTA biosynthesis were performed by 5 peaces (5 x 5 mm) of fungal
material originating from Petri dish sowed with tested culture, and subculti-
vated for 7 days on potato-dextrose agar (PDA) at 27 + 1°C.

Cultivation conditions. Toxin production was tested in the following
types of liquid media: (i) broth with 5% glucose, 0.1% peptone-1 and 0.1%
yeast extract, pH 5.6 (GPY), (ii) potato dextrose broth (PDB: 200 g/l of boiled
sliced potato + 20 g/l dextrose, pH 6.9), (iii) broth with 2% yeast extract and
15% sucrose, pH 6.5 (YES), and (iv) broth with 2% yeast extract and 15%
sucrose supplemented with 0.23 mg/l ZnSO, x 5 H,O, pH 6.5 (YES?). Inocu-
lated Erlenmayer flasks (500 ml) containing 100 ml of each medium were cul-
tivated for 4 days on rotary shaker (128 rpm) at room temperature (21—23°C),
and 10 days stationary at 27 + 1°C in chamber. pH value was measured after
the cultivation of the isolate.

Inoculated Roux bottles containing 50 g of sterilized cereal kernels, such
as rice, corn, and wheat, wetted with 50 ml of sterile water, were cultivated at
30 £+ 1°C in chamber for four weeks, or at room temperature (21—23°C) for 3
weeks. In the case of corn and wheat substrates, the samples for analysis were
taken weekly during the cultivation period. The moisture content of the tested
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natural substrates was determined after drying at 105°C until constant weight
was not achieved.

All cultivations were performed in two replications.

Analyses of OTA. After the cultivation on rotary shaker, liquid cultures
were filtered. Crude OTA extracts were obtained by the use of acetonitrile/
water (90 + 10 v/v), according to Balzer et al. (1978) method modified by
Bocarov-Stancic¢ et al. (2003). The modification consisted of adding
the culture filtrate up to 20% of anh. Na,SO,, as well as 20% of silica gel for
column chromatography (Kieselgel 60 extra pure — MERCK) before toxin
extraction. The rest of the analysis was done according to the original Bal-
zer et al. (1978) method.

The samples obtained after the cultivation on cereal grains were dried du-
ring 24 h or more at 60°C until constant weight was not obtained. After the
pulverization of dried samples, OTA was analyzed according to the Serbian
official methods for sampling and analyzing of fodder (Official Gazette of
SFRY, No. 15/87). After the cultivation on natural substrates, the yield of
OTA was expressed as number of mg per kg of dry matter of the sample.

All analyses were done in three replications.

RESULTS AND DISCUSSION

Results of the present investigation are shown in Tables 1—3.

Tab. 1 — Screening of ochratoxin A production by Aspergillus ochraceus CBS 108.08 and E’G
isolates

Sample Temper. D Medium
; ; o ays
designation (°C) PPSAZn PPSA PDA YESA  YESAZn
CBS 108.08 27 + 1 10 + — 4+ -+ -+
7 n.a. n.a. + ++++ ++++
, 21—24 10 n.a. n.a. + -+ -+
E'G 14 n.a. n.a. + ++++ ++++
27 + 1 10 + — ++ n.a. n.a.
Legend: n.a. — not analyzed; — no biosynthesis; + low intensity of biosynthesis, ++ moderate

intensity, +++ high intensity, ++++ very high intensity

The ability of A. ochraceus isolate E’G to produce ochratoxin A was tes-
ted simultaneously after 10-day cultivation at 27 + 1°C in chamber, and after
14-day cultivation at room temperature (21—24°C). Isolate E’G showed al-
most the same toxicological profile as the parent strain CBS.108.08, with the
exception of cultivation on PDA plates where it produced lower quantities of
OTA than CBS.108.08 did (Table 1).

During the cultivation of E’G isolate at room temperature (21—24°C) the
best results were achieved on YESA and YESA? plates. Under the same tem-
perature conditions it was observed that biosynthesis of the tested mycotoxin
did not change over time.
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Tab. 2 — Biosynthesis of ochratoxin A by A. ochraceus E’G in liquid media

Temper. Cultiv. . Yield
(°C) conditions Days pH Medium (mg/l)
21—-23 128 rpm 4 5.12 n.d.
27+ 1 stat. 10 475 GPY n.d.
21—-23 128 rpm 4 6.50 6.40
27+ 1 stat. 10 5.80 PDB 0.80
21—-23 128 rpm 4 5.15 YES 0.08
27 =1 stat. 10 5.04 0.04
21—-23 128 rpm 4 5.28 7 0.06
27+ 1 stat. 10 5.01 YES# n.d.

Legend: n.d. — not detected (< 0.004 mg/l)

The production of ochratoxin A in liquid media was tested simultaneously
after stationary and submerged cultivation in: (i) GPY — pH 5.6, (ii) PDB —
pH 6.9, (iii) YES — pH 6.5, and (iv) YES” — pH 6.5. The initial pH of the
tested media was adjusted to these values, having in mind the ascertainment
of Miihlencoert (2004) that ochratoxin A biosynthesis can occur bet-
ween 5.5 and 8.0 pH. At the end of the cultivation period the decrease of ini-
tial pH was recorded in all cases, although the most outstanding change occur-
red after 10-day stationary cultivation in chamber (27 + 1°C) (Table 2).

During the testing of OTA production by A. ochraceus isolates, M ii -
hlencoert (2004) used different liquid media, including YES broth (initial
pH 6.5) in shaken incubation flasks (120 rpm) at 25°C in the dark. This author
observed that after onset of OTA biosynthesis (after 72 h) there was a steady
increase of toxin concentration, which was accompanied, like in our experi-
ments, by a drop of pH.

During the presented experiments in different liquid media, OTA produc-
tion was not at all recorded in GPY broth, while in YES broth and YES sup-
plemented with Zn only small amounts of the toxin were found mostly after
submerged cultivation (0.08 mg/l and 0.06 mg/l, respectively) (Table 2). The
highest amounts of ochratoxin A were observed after the cultivation of E’G
isolate in potato-dextrose broth. Although the temperature applied during the
submerged cultivation in PDB was lower (21—23°C) than during the station-
ary one (27 + 1°C) the obtained yield of OTA was much higher in the first
case (6.40 mg/l compared to 0.80 mg/l) (Table 2). The obtained results pointed
out that aeration influenced the toxin biosynthesis much more than the tempe-
rature during the cultivation of A. ochraceus E’G in liquid media did.

Much higher amounts of ochratoxin A, between 500 and 300 mg/l, were
obtained by fungal isolates representing different sections of the Aspergillus
genus (Varga et al.,, 2002). These authors have found the maximum of OTA
biosynthesis after 7—10 days of incubation at 30°C in YES liquid medium.
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Tab. 3 — Influence of type of the media, temperature and duration of cultivation on ochratoxin A
production by A. ochraceus E'G

Temper. (°C) Days Moist. (%) Medium Yield (mg/kg)
2123 21 63.6 rice 96.0
7 — corn n.d.
— wheat 20.0
14 37.8 corn 80.0
48.8 wheat 240.0
30+ 1
21 33.0 corn 80.0
46.6 wheat 800.0
28 32.0 corn 80.0
43.0 wheat 800.0

Legend: n.d. — not detected (< 0.004 mg/kg)

The dynamics of OTA production by the isolate A. ochraceus E’G was
tested during cultivation on three different types of wet cereal kernels (Table
3). The moisture content of corn and wheat grains decreased during prolonged
cultivation from 37.8% for corn and 48.8% for wheat, respectively after
14-day cultivation to 32.0% for corn and 43.0% for wheat at the cultivation
end (28 days).

Accumulation of the ochratoxin A was much higher in solid substrates
then in the liquid media (Table 2 and 3). After three weeks of cultivation of
E’G isolate, the similar concentrations of ochratoxin A were recorded on corn
kernels and rice grain (80.0 mg/kg and 96.0 mg/kg, respectively) while the
highest amounts were found on wheat grain (800.0 mg/kg). Thus, it was ob-
served that the type of cereal grain affected the biosynthetic potential of the
fungus, while the cultivation temperature was not so important factor for the
toxin production.

Contrary to our findings, the investigations of Sanchis et al. (20006)
on OTA production patterns on different substrates, such as YES, barley grains
etc. did not show a significant influence of these substrates. On the other hand,
these authors found that abiotic factors, such as temperature and water activity,
affected significantly toxin biosynthesis. Maximal ochratoxin A accumulation
was detected at 25°C and 0.98 a, on all substrates tested.

The beginning of ochratoxin A production was observed seven days after
the cultivation on wheat grain (20.0 mg/kg), and in the case of corn kernel, it
was after the prolonged cultivation of A. ochraceus E’G for 14 days (80.0
mg/kg). Similar results were obtained by Haggblom (1982) who tested
the dynamics of OTA biosynthesis on barley grain by A. ochraceus and Peni-
cillium viridicatum. This author detected toxin 4 to 6 days after inoculation at
25°C, and observed its maximal accumulation after 28 days (from 7 to 46
mg/kg).

Contrary to wheat substrate, where yield of OTA was increasing until the
21t day of cultivation, the corn substrate did not show any changes in the
quantity of the produced toxin from the 14" day of cultivation until the end of
the same process (Table 3).
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CONCLUSION

Preliminary analysis of A. ochraceus E’G potential for the production of
ochratoxin A showed that isolate E’G had similar toxicological profile as its
parent strain CBS.108.08.

At the end of the cultivation period, in different liquid media, the de-
crease of initial pH was recorded in all cases, although the most outstanding
change occurred after the 10-day stationary cultivation in chamber (27 = 1°C).

Aeration influenced the toxin biosynthesis much more than the tempera-
ture during the cultivation of A. ochraceus E’G in liquid media.

The highest yield of OTA (6.4 mg/l) was obtained after submerged culti-
vation in potato-dextrose broth.

Type of cereal grain used for OTA production showed a significant in-
fluence on the dynamic of the process and toxin yields.

After three weeks of cultivation of A. ochraceus E’G the similar concen-
trations of ochratoxin A were recorded on corn kernels and rice grain (80.0
mg/kg and 96.0 mg/kg, respectively) while the highest amounts were found on
wheat grain (800.0 mg/kg).

Contrary to wheat substrate where the yield of OTA was increasing until
the 21% day of cultivation, the corn substrate did not show any changes in the
quantity of the produced toxin from the 14" day of cultivation until the end of
the same process.
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IN VITRO BUOCUHTE3A OXPATOKCHHA A
KO/, M30JIATA ASPERGILLUS OCHRACEUS E’G

Anexcannpa C. bouapoB-Cranuuh!, Anekcanmpa [I. MubkoBuh!,
Pangmuna M. Pecanosuh?, Kcenuja JI. Hemmh3, Becna M Jahesuh?,
HManujena H. Muxapumh!

I buo-ekojomku LeHrtap”, a.0.0., Ilerpa dpammuHa 15,
23000 3pewanun, Cpbuja
2 YUHcTtuTyT 3a Oosectu kuBuHe, MakyaTeT BeTeprHApCKe MeIMIIMHE,
Bynesap Ocno6ohemwa 18, 11000 beorpan, Cpouja
3 HayuHu mMHCTUTYT 3a BeTepuHapcTtBo CpOuje,
Aytonyt 3, 11070 Beorpan, Cp6uja
4 LlenTap 3a KOHTPOJIy TpoBarba, BojHOMEIMIIMHCKA aKaaeMMuja,
LipHorpascka 17, 11000 Beorpan, CpbOuja

Pesnme

Hcnurtusamem je 6uo obyxBaheHn uzonar Aspergillus ochraceus E'G usBeneH u3
coja A. ochraceus CBS 108.08. IIperuMmuHapHe aHajau3e MPUCYCTBA OXpaTOKCHMHA A
(OTA) cy usBpileHe npema MonucdukoaHoj meronu Filtenborg-a u cap. (1983)
Ha arapu3obaHuM nomiorama. [IpousBoama TOKCHMHA je TecTUpaHa y ciaeaehum Ted-
HMM Mnojjiorama: 1) riykosza-nentoH-eKcTpakT kBacua y oyjony (GPY — pH 5,6), 2)
KpoMnup — AekcTpo3HoM OyjoHy (PDB — pH 6,9), 3) ekcrpakT kBacua — caxapo-
3HOM OyjoHy (YES — pH 6,5) u 4) ekcTpakT KBacla-caxapo3HoM OYjoHy ca J10IaTKOM
0,23 mg/l ZnSO, x 5 H,O (YES% — pH 6,5) y ycinoBuMa cTalluOHapHe U CyOMep3He
KynTuBaluje. JuHamMuka OMOCHHTE3e oxpaToKcuMHa A mpaheHa je HakoH rajerba Ha
MIPUPOTHUM UBPCTUM CYIICTpaTMa (3pHO MHUPWHYA, KYKypy3a W TIIeHUIIe) TOKOM BH-
LIeHe/Ie/bHEe KYJTUBALIUje.

OxpaTokcUH A je M30J0BaH M3 TEYHMUX TOAJOTa 3a KYJTHUBALMjy U TIPOAYKIIU)Y
npuMeHoM Metone banszepa wu cap. (1978) moaudukoBaHe npema boyapoB-
-Ctranuuh wu cap. (2003), nok je kBaHTuTauuja OTA y NpUpogHUM UBPCTUM CYII-
cTpaTMMa u3BpIleHa npema [IpaBUIHUKY O MeTogama y3uMMarba y3opaka M MeTogama
UBMIKNX, XeMUjCKMX M MUKPOOMOJIOIIKMX aHaimmu3a crouHe xpaHe (,,Ci. smuct CDPJ”,
op. 15/87).

Ilpu rajewy mzonara A. ochraceus E’G y TeyHUM Tojjiorama Hajsehu mnpuHOC
OTA je nobujen npu xopuithewy PDB (6,4 mg/l) u To y ycioBuMa cyoMep3He KyaTu-
Baije (4 mana, 128 o/muH, 21—23°C). ¥V ciyuajy KyaTuBallMje Ha 3pHY KUTapulla
Hajeehy kommuuHy OTA je uzonat A. ochraceus E’G OMOCUHTETHCAO TIOCE BMUIIEHE-
nesjbHe KyatuBauuje Ha 3pHy miueHuue v 30 £ 1°C (800,0 mg/kg).
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MYCOTOXINS AS A RISK IN THE GRAIN FOOD

ABSTRACT: Mycotoxins are toxic secondary metabolites of fungi that contaminate a
large variety of foods and have toxic effects on humans. The best protection against
mycotoxins is to monitor their presence in food. This paper shows the screening results of
mycotoxins present in 76 samples of different groups of grain foods. Samples of grain food
were analyzed for contamination with aflatoxins, ochratoxin A, zearalenone, fumonisins and
deoxynivalenol. Analysis were conducted using competitive enzyme-linked immunosorbent
assay (ELISA). None of the samples was contaminated with aflatoxins. The most predomi-
nant mycotoxin was ochratoxin A with the mean level of 4.84 + 4.49 ppb in 19.7% of the
examined samples. Zearalenone, fumonisins, and deoxynivalenol were found in 9.21, 14.5
and 3.9% of the samples, respectively. Mycotoxin content in the investigated samples was
compared with the regulations of Serbia and those of the European Union.

KEYWORDS: ELISA, grain food, monitoring, mycotoxins

INTRODUCTION

Mycotoxins are natural food and feed contaminants, mainly produced by
moulds of genera Aspergillus, Penicillium and Fusarium. The number of
mycotoxins known to exert toxic effect on human and animal health is con-
stantly increasing, as well as the legislative provisions made to control their
presence in food and feed (Zinedine et al., 2006). Currently, more than
400 mycotoxins are identified in the world. Considering their heat stability,
these substances constitute a potential risk for human and animal health. The
chemical and biological properties of mycotoxins and their toxic effects are
extremely variable. These effects are carcinogecity, genotoxicity, teratogeni-
city, nephrotoxicity, hepatotoxicity and immunotoxicity. Mycotoxins are not
only dangerous for the health of consumers, but they also deteriorate the mar-
ketable quality of the contaminated products, causing heavy economic losses
(Zinedine, 2008).
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Aflatoxins (AFs) B, B,, G, and G, are produced by various strains of
Aspergillus, mainly by A. flavus, A. parasiticus, A. nomius and A. tamarii.
They have immunotoxic, mutagenic and carcinogenic effects (M oss, 1988).
Aflatoxins are often present in cereals (maize, sorghum, rice, wheat), oilseeds,
spices and nuts. Aflatoxins were classified as group 1 carcinogen by the Inter-
national Agency for Research on Cancer (IARC). Aflatoxin B, (Fig. 1, A) is
the most frequent and the most toxic one (IARC, 1993).

Ochratoxin A (OTA, Fig. 1, B) is a secondary fungi metabolite mainly
produced by Penicillium verrucosum, Aspergillus ochraceus and Aspergillus
carbonarius (Eskola et al.,, 2001). These fungi are natural opportunist bio-
deterioration agents of carbohydrate-rich agricultural commodities. Therefore,
this mycotoxin can occur in a large variety of commodities, such as cereals,
dried fruits, coffee, beer, wine, and because of carry-over effect, in milk,
blood, liver, kidney, and poultry meat from animals fed with contaminated
feed M antle, 2002).

Zearalenone (ZEA, Fig. 1, C) is an estrogenic mycotoxin produced by se-
veral species of the fungal genera Fusarium graminearum and Fusarium cul-
morum. It widely exists in maize, barley, wheat, oats, sorghum and sesame
seeds, as well as in hay and corn silage, which are prime ingredients in many
food products for humans and animals (CAST, 2003). ZEA is classified by
IARC under group 3 carcinogen (IARC, 1999).

c oH o
(o]
CH,
A B cl
o
Fig. 1 — Structures of some mycotoxins: A — aflatoxin By, B — ochratoxin A,

C — zearalenone

Fumonisins (Figure 2) are a group of mycotoxins produced by several
agriculturally important fungi, including Fusarium verticillioides, which is a
common fungal contaminant of corn and maize-derived products worldwide
(Wang, 2006). Fumonisins are classified into four main groups, the A, B, C
and P-series. The B-series fumonisins are the most abundant analogs produced
by the wild-type strains, with fumonosin B, (FB,) accountig for approximately
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70% of the total content (N elson, 1993). FB, is also believed to be the most
toxic constituent M arasas, 2001).

OOH
Fumonisin By By By B,
Ry OH H OH H
R, OH OH i -

Fig. 2 — Chemical structure of the B-series fumonisins

Deoxynivalenol (DON) is a member of the trichothecene family of myco-
toxins. The occurrence of deoxynivalenol is associated primarily with Fusa-
rium graminearum and Fusarium culmorum, both of which are important plant
pathogens commonly found in cereals and other crops (JECFA, 2001). DON is
commonly detected in cereals and grains, particularly in wheat, barley, maize
and their by-products. Although DON is among the least toxic of the tricho-
thecenes, it is the most frequently detected one throughout the world, and its
occurrence is considered to be an indicator of the possible presence of other,
more toxic trichothecenes (Lombaert, 2002).

The best protection against mycotoxins is to monitor their presence in
food. Many countries have enacted regulations stipulating maximum permis-
sible amounts of mycotoxins in food. Allowed limits of mycotoxins in food in
Serbia (Pravilnik, 5/92) and the European Union (E C, No 1881/2006) are set
by regulations. Maximum allowed limits for aflatoxins in Serbia (3 ppb) and
EU (4 ppb) are similar. The limit for ochratoxin A in EU (3 ppb) is lower
than that in Serbia (10 ppb). In the case of zearalenone, there is a large diffe-
rence between the regulations, since the allowed limits in Serbia are much
lower. The maximum allowed amounts for fumonisins and deoxynivalenol are
not set by the Serbian regulation.

According to the Food and Agriculture Organization of the United Na-
tions (FAO) over 25% of the agricultural commodities worldwide are signifi-
cantly contaminated by mycotoxins. The best protection against mycotoxins is
to monitor their presence in food.

The aim of this paper is to monitor the presence of five mycotoxins,
aflatoxins, ochratoxin A, zearalenone, fumonisins and deoxynivalenol in the
grain food originating from Serbia.
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MATERIALS AND METHODS

Mycotoxin content was determined in 76 samples of different grain food.
The selected commodity groups were: 7 samples of muesli, 4 samples of baby
food, 17 samples of maize and its derived products (flour, corn flakes, pop
corn, grits), 21 samples of grain and its derived products (oat, bran, wheat,
barley, rye, flour), 11 samples of soybean and its derived products (milk, tofu,
paté, soybean flakes), 2 samples of buckwheat, 5 samples of bread, and 9 sam-
ples of confectionary products. Samples were collected from local supermar-
kets in Novi Sad, Serbia.

The samples were analyzed by the ELISA method. The Neogen Veratox®
AFs, OTA, ZEA, FUM and DON test kits were used for the analyses. Free
mycotoxins in the samples and controls are allowed to compete with enzyme-
-labelled mycotoxins (conjugates) for the antibody binding sites. After a wash
step, substrate was added, which reacted with the bound conjugate to produce
blue colour. More blue colour meant less mycotoxin. The test was read in a
microwell reader (Thermolabsystem, Thermo, Finland) to yield optical densi-
ties. The optical densities of the controls formed the standard curve, and the
sample optical densities were plotted against the curve to calculate the exact
concentration of mycotoxin. According to the manufacturer’s description (V e -
ratox®, Neogen) the detection limits for AFs, OTA, ZEA, FUM and
DON were 1, 2, 25, 50 and 250 (ppb), respectively.

RESULTS AND DISCUSSION

The mycotoxin concentrations in grain food are shown in Table 1. None
of the samples were contaminated with aflatoxins (AFs). The most predomi-
nant mycotoxin was ochratoxin A with the mean level of 4.84+4.49 ppb in
19.7% of the examined samples. Fumonisins (FUM), zearalenone (ZEA), and
deoxynivalenol (DON) were also present in the examined grain food in 14.5,
9.21 and 3.9% of the samples, respectively. Between LOD and LOQ, 50.0,
31.6 and 17.1% of the invastigated samples contained DON, ZEA and OTA,
respectively.

Tab. 1 — Myecotoxin concentrations in grain food

Percentage of

. Percentage of Range of contamination Range of
Mycotoxins Lo contamination Mean (SD) contamination
contamination between
Aflatoxins 0 1.0—8.0 0 0 0.5—1
Ochratoxin A 19.7 2.0—25.0 4.84 + 4.49 17.1 1.0—2.0
Zearalenone 9.21 25—500 384 + 13.2 31.6 10.0—25
Fumonisins 14.5 50—600 282 + 246 0 50.0
Deoxynivalenol 39 250—2000 920 + 930 50 100—250

SD: standard deviation

82



Table 2 presents the contamination frequencies and averages of the exa-
mined mycotoxins in various analyzed commodities. The results for muesli
showed contamination with OTA and ZEA. The content of OTA in these sam-
ples was in accordance with the EC (3 ppb) regulation. The content of ZEA
found in 1 sample of muesli was 10.6 ppb, which was also in accordance with
the EC regulations (50 ppb). The baby food was contaminated with OTA.
OTA was found in all examined samples of baby food, and in all samples, the
content of OTA was much greater than the maximum allowed level set by the
EC regulation (0.5 ppb). FUM, ZEA and OTA were found in 17 samples of
maize and maize products with contamination frequency of 52.9, 11.8 and
5.88%, respectively. The concentrations of these mycotoxins are in accordance
with the European regulations. Two samples of grain products had the content
of OTA that was higher than the maximum level allowed by the European re-
gulation (3 ppb). DON was found in 1 sample of grain, and this level is lower
than the European level (750 ppb). OTA, ZEA and FUM were found in
soybean products. The contents of ZEA and FUM in soybean products were in
accordance with the EC regulations, but the contents of OTA in 2 samples
were higher than the maximum level allowed (3 ppb). One sample of buck-
wheat had the content of OTA and DON that was much greater than allowed
by the EC regulations. Bread samples contained OTA, ZEA and FUM in con-
centrations which were in accordance with the EC regulations. The confectio-
nary products were contaminated with OTA and FUM, and the content of
OTA was not in accordance with the EC regulations. 10 out of 76 samples
contained the level of mycotoxins that was much higher than the maximum li-
mits allowed by the European regulative.

Tab. 2 — Contamination frequency (CF), interval (CI), and mean (CM = SD) of various analyzed
commodities

Commodity groups (SN) OTA ZEA FUM DON
Muesli (7) CF 28.6 14.3 0 0
CI 2.01 10.6 0 0
CM 2.01 10.6 0 0
Baby food (4) CF 100 0 0 0
CI 2.28—3.67 0 0 0
CM 2.83 + 0.60 0 0 0
Maize (17) CF 5.88 11.8 52.9 0
CI 2.71 355—53.3  58.2—600 0
CM 2.71 444 + 12.6 3289 + 249.1 0
Grain (21) CF 9.52 0 0 4.76
CI 3.66—13.5 0 0 390
CM 8.6 +7.0 0 0 390
Soybean (11) CF 18.2 36.4 9.09 0
CI 3.72—4.88  25.1—60.1 56.4 0
CM 43 +0.82 382+ 154 56.4 0
Buckwheat (2) CF 50.0 0 0 50.0
CI 159 0 0 2000
CM 159 0 0 2000

83



Bread (5) CF 20.0 20.0 0 20.0
CI 1.81 27.7 0 380
CM 1.81 27.7 0 380

Confectionary products (9) CF 11.1 0 11.1 0
CI 3.18 0 82.5 0
CM 3.18 0 82.5 0

SN: sample number, SD: standard deviation, CF (%), CI (ppb), CM (ppb)

The results of this test have shown that out of a total of seventy six sam-
ples, the presence of mycotoxins was detected in twenty six of them. Some of
those 26 samples contained more than one mycotoxin. Table 3 shows the num-
ber of the contaminated samples with different number of mycotoxins. As it
can be seen, most of the commodity groups were contaminated with one
mycotoxin. Two different mycotoxins contaminated one sample of soybean,
buckweat, and bread, and three samples of maize. Only one sample of soybean
was contaminated with three different mycotoxins.

Tab. 3 — Number of the contaminated samples with different number of mycotoxins

Number of mycotoxins

Commodity groups

0 1 2 3
Muesli (7) 5 2 / /
Baby food (4) / 4 / /
Maize (17) 8 6 3 /
Grain (21) 18 3 / /
Soybean (11) 7 2 1 1
Buckwheat (2) 1 / 1 /
Bread (5) 4 / 1 /
Confectionary products (9) 7 2 / /

From the obtained results it can be concluded that the regulatives in Ser-
bia should be changed and corrected in accordance with the widely accepted
regulatives within the European Union.
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MHUKOTOKCHMHHN KAO PU3UK ¥V [TPEXPAMBEHUWM ITPOM3BOAVMA
HA BA3U KXUTA

JoBana J. Maruh, Jacna C. MacrtuioBuh,
MBana C. YabGapkamna, Anamapuja M. Manauh

WHuctutyT 3a mpexpambeHe TexHosoruje, YHuBep3uteT y HoBom Cany,
byn. mapa Jlazapa 1, Hosu Can, CpOuja

Pesnume

VY oBOM pajiy MpuKazaHW Cy pe3yJTaT CKpUHWHTa MMKOTOKCHMHA y TpexpamoOe-
HUM MPOM3BOJAMMA Ha 0a3u KWTa. Y30pLUU CY aHAIM3UPAHU JUPEKTHOM E€H3UMMCKOM
nmyHoadunutetHoM MetonoM ELISA, ynorpe6om Neogen Veratax® tecroBa. Y 76
y3opaka Ha 6a3u xuta oapeheH je caapikaj adiaTokcuHa, OXpaToKCUHA A, 3eapajieHo-
Ha, (pyMOHM3MHA M IeoKcuHMBajgeHona. l{wb paga je OMo ma ce ompenn KOHIEHTpa-
LIMja HaBeJIeHUX MMKOTOKCUHA U JIa C€ HhUXOBa KoJuuuHa ynopeau ca [lpaBuiHuiimma
Cpbuje u EBporicke YHUje, Kao U 1a ce yKa)Ke Ha PU3UK MPUCYCTBA MUKOTOKCHHA Yy
OBOj BPCTH TMPpeXpaMOEHMX MTPpor3Boaa. MUKOTOKCUHU Cy jaeTekToBaHU y 34.2% y3opa-
Ka, a 'y 13.2% xonnurHa MUKOTOKCHHA je Owmyia Beha o MakCMMaJTHO TO3BOJbEHE IMPO-
nucaHe npaBujaHUKoM EBpornicke YHuje. Hu y jenHOM on aHaJIM3MpaHUX y30paKa HUCY
npoHahenn adnatokcuHu. OxpatokcuH A je mpoHaljeH y Hajsehem Opojy y3opaka
(19.7%), 3atum dbymonusuH (14.5%), 3eapaneHoH (9.21%) u neokcuHuBaneHoI (3.9%).
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SCREENING OF MYCOTOXINS IN ANIMAL FEED
FROM THE REGION OF VOJVODINA

ABSTRACT: This paper shows the results of screening of mycotoxins in animal feed
originating from the region of Vojvodina. Permanent screening is needed on all levels of
production and storage, as well as the use of known methods to reduce mould contami-
nation or toxin content in feedstuffs and feed. A total of 56 representative samples were
collected from feed companies from the region of Vojvodina. Samples were collected du-
ring February 2009. The collected samples included 41 samples of feedstuffs (soybean,
soybean meal, soybean grits, soybean cake, maize, sunflower meal, barley, wheat feed
flour, rapeseed meal, dehydrated sugar beet pulps, alfalfa meal, yeast, dried whey, fish
meal, meat-bone meal) and 15 samples of complete feedingstuffs. The amounts of afla-
toxins, ochratoxin A, zearalenone, fumonisin and deoxynivalenol were determined. Screen-
ing method for the analysis was done using Neogen Veratox® testing kits. The test itself is
a competitive direct enzyme-linked immunosorbent assay (CD-ELISA). Mycotoxins were
present in 71.4% of the samples, but the values determined were below the maximum
allowed limits for both Serbian and EC reference values. Zearalenone was found with the
highest incidence (57.1% of samples), followed by ochratoxin A (37.5%), fumonisin (33.9%),
deoxynivalenol (14.3%) and aflatoxins (3.6%).

KEYWORDS: animal feed, ELISA, mycotoxins, screening

INTRODUCTION

Mycotoxins are secondary metabolites produced by filamentous fungi that
cause a toxic response (mycotoxicosis) when ingested by higher animals.
Many fungi of the genera Fusarium, Alternaria, Penicillium, Aspergillus, Cla-
dosporium and others are well known as producers of a great number of va-
rious toxic metabolites. The produced mycotoxins are thermo resistant and lose
none of their toxicity during thermal processing (Stojanovic et al., 2005).
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Moulds that produce toxins may contaminate human foods and animal feeds
through fungal growth prior to and during harvest, or during (improper) sto-
rage (Bhatnagar et al., 2004). Plants may be contaminated by mycotoxins
in two ways: fungi growing as pathogens on plants, or growing saprophyti-
cally on stored plants. However, not all fungal growth results in mycotoxin
formation, and the detection of fungi does not necessarily imply the presence
of mycotoxins (Binder et al.,, 2007). The formation of mycotoxins is af-
fected by biological, physical and chemical factors (D°Mello and Mac-
donald, 1997). The same toxin may be formed by a variety of species of
fungi, but not necessarily by all the strains of the same species. Similarly, in
certain instances, the same species of fungi may produce several forms of
mycotoxins.

For practical consideration, in the feed manufacturing process, aflatoxins,
trichothecenes, zearalenone, ochratoxins, and fumonisins are of particular inte-
rest (Table 1), though the extent of harm each toxin (group) can cause is
highly species-dependent (Binder, 2007). Mycotoxins, when present in the
diet, cause acute and/or chronic adverse health effects in animals and humans,
depending upon the level consumed (Thieu et al., 2008).

Tab. 1 — Overview of the most relevant mycotoxins in animal production (Binder, 2007)

Most relevant
representatives in
grains and feed

Examples of
mycotoxin-producing
fungi

Effects observed
in animals

Major classes
of mycotoxins

Aflatoxins Aflatoxin Bl, Aspergillus flavus, Liver disease (hepatotoxic,
B2, G1, G2 Aspergillus parasiticus hepatocarcinogen),
carcinogenic and
teratogenic effects
Trichothecenes Deoxynivalenol, Fusarium graminearum, Immunologic effects,
T-2 toxin Fusarium sporotrichioides, hematological changes,
Fusarium poae, digestive disorders
Fusarium equiseti (emesis, diarrhea, reduced
feed intake) dermatitis,
oral lesions, hemorrhages
of intestinal tissues, edema
Zearalenone Zearalenone Fusarium graminearum Estrogenic effects (edema
of vulva, enlargement of
uterus), atrophy of ovaries
and testicles, abortion
Ochratoxins Ochratoxin A Aspergillus ochraceus, Nephrotoxicity, porcine
Penicillium verrucosum, nephropathy, mild liver
Penicillium viridicatum damage, immune
suppression
Fumonisins Fumonisin B, Fusarium verticillioides Pulmonary edema,

B2, B3

(syn., moniliforme),
Fusarium proliferatum

leukoencephalomalacia,
nephrotoxicity,
hepatotoxicity

Mycotoxin-producing mould species are extremely common and can grow

on a wide range of substrates under a wide range of environmental conditions.
For agricultural commodities, the severity of crop contamination tends to vary
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from year to year, based on climate and other environmental factors. Myco-
toxins occur, with varying severity, in agricultural products all around the
world. The estimate usually given is that one quarter of the world’s crops are
contaminated to some extent with mycotoxins (Fink-Gremmels, 1999;
Mannon and Johnson, 1985).

Mycotoxins can enter the food chain in field, during storage, or at later
points. Mycotoxin problems are exacerbated whenever shipping, handling, and
storage practices are conducive to mould growth. Animal feeds are an essential
part in the farm animal to human food chain; therefore, infectious and non-in-
fectious hazards present in animal feeds pose a threat to human health. Myco-
toxin contamination of feeds results in economic loss and transmission of
toxins into the food chain.

Since it is normally impracticable to prevent the formation of myco-
toxins, the food industry has established internal monitoring methods. Simi-
larly, government regulatory agencies survey the occurrence of mycotoxins in
foods and feeds and establish regulatory limits. Maximum tolerated levels of
mycotoxins in animal feed have been established in many countries. Allowed
limits for mycotoxins in feed on the territory of the European Union are regu-
lated by the regulations of the European Union (EC 32/2002, EC 100/2003,
EC 576/2006). Guidelines for establishing these limits are based on epidemio-
logical data and extrapolations from animal models, taking into account the in-
herent uncertainties associated with both types of analysis. Estimations of an
appropriate safe dose are usually stated as a tolerable daily intake (Kuiper-
-Goodman, 1998; Kuiper-Goodman, 1994; Smith et al., 1995).
Countries that are members of the European Union have harmonized their re-
gulations while other countries, like Serbia, have their own regulations. Al-
lowed limits for mycotoxins in animal feed in Serbia are determined by offi-
cial regulations of Serbia (Official Gazette of SFRY, 2/90, 27/90). The main
differences between the EU and Serbian regulations for the feedstuffs and feed-
ingstuffs are as follows: different categories of feedingstuffs; different values
for allowed limits; in the EU, complete and complementary feedingstuffs cate-
gories are separated as opposed to the Serbian regulations, and in Serbia, the
maximum allowed limits for FUM have not been determined. In Serbia, moni-
toring of mycotoxins is not obligatory at present, but the approval of a new
law has been awaited, which will be in accordance with the EU law. By the
new law, monitoring will be compulsory.

The aim of our work was to screen the presence of mycotoxins in animal
feed originating from the region of Vojvodina. Permanent screening is needed
on all levels of production and storage, as well as the use of known methods
to reduce mould contamination or toxin content in feedstuffs.

MATERIAL AND METHODS

A total of 56 representative samples (1—2 kg per sample) were collected
from the feed companies in Vojvodina. Samples were collected during Feb-
ruary 2009. The collected samples included 41 samples of feedstuffs (soybean,
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soybean meal, soybean grits, soybean cake, maize, sunflower meal, barley,
wheat feed flour, rapeseed meal, dehydrated sugar beet pulps, alfalfa meal,
yeast, dried whey, fish meal, meat-bone meal) and 15 samples of complete fe-
edingstuffs.

The amounts of aflatoxins (AFS), ochratoxin A (OTA), zearalenone (ZEA),
fumonisin (FUM) and deoxynivalenol (DON) were determined. Screening me-
thod for the analysis was done using Neogen Veratox® testing kits with limits
of detection of 1 pg/kg (ppb) for ochratoxin A, 2 ug/kg (ppb) for aflatoxins,
10 ug/kg (ppb) for zearalenone, 50 ug/kg (ppb) for fumonisin and 0.1 mg/kg
(ppm) for DON.

The test itself is a competitive direct enzyme-linked immunosorbent assay
(CD-ELISA). Free mycotoxins in the samples and controls are allowed to
compete with enzyme-labelled mycotoxins (conjugates) for the antibody bin-
ding sites. After a wash step, substrate is added, which reacts with the bound
conjugate to produce blue colour. More blue colour means less mycotoxin.
The test is read in a microwell reader (Thermolabsystem, Thermo, Finland) to
yield optical densities. The optical densities of the controls form the standard
curve, and the sample optical densities are plotted against the curve to calcu-
late the exact concentration of mycotoxin.

RESULTS AND DISCUSSION

A total of 56 samples of feedstuffs and complete feedingstuffs were
analyzed. Mycotoxins were found in 71.4% of the samples, but the values de-
termined were below the maximum allowed limits according to both Serbian
and EC reference values. ZEA was found with the highest incidence (57.1% of
samples), followed by OTA (37.5%), FUM (33.9%), DON (14.3%) and AFS
(3.6%). Incidence rate of aflatoxins was very low (3.6%) which was expected
since aflatoxins are rarely found in Serbia (Jajic et al., 2008). The obtained re-
sults were compared with available literature. No results were found regarding
the presence of FUM in feedstuffs and complete feedingstuffs in Serbia.

Tab. 2 — Occurrence of mycotoxins in maize samples

No. of Feedstuff AFS OTA ZEA FUM DON
samples (ppb) (ppb) (ppb) (ppb) (ppm)
—a — — 438 —
. — — — 350 0.46
4 Maize B B B 543 o

a toxin was not detected

The results of screening of mycotoxins in the maize samples are given in
Table 2. FUM and DON were found in 75 and 25% of the samples, respecti-
vely, but none of the samples was contaminated with AFS, OTA and ZEA.

Jaji¢ et al. (2008) analyzed DON in maize samples collected in 2004
(10 samples) and 2005 (66 samples). The number of positive samples for
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DON in maize was 50% in 2004 and 43.9% in 2005. Mycotoxicological
analyses of maize in the previous investigations showed significant contami-
nation with AFS, OTA and ZEA. In 2000, Jaji¢ et al. (2001) analyzed 38
samples of maize and found AFS in 73.6%, OTA in 78.9% and ZEA in 86.8%
of the analyzed samples. Two years later, in the study conducted on the sam-
ples collected from the region of Vojvodina, Masi¢ et al. (2003) analyzed
53 samples of maize and found lower incidence of mycotoxins; AFS were
found in 16.9%, OTA in 24.5% and ZEA in 35.8% of the analyzed samples.
This shows that AFS, OTA and ZEA concentrations in maize may vary
considerably, probably as a result of different drying techniques and weather
conditions.

Tab. 3 — Occurrence of mycotoxins in soybean, soybean meal, soybean grits and soybean cake
samples

No. of Feedstuffs AFS OTA ZEA FUM DON
samples (ppb) (ppb) (ppb) (ppb) (ppm)
—a J— J— J—
5 Soybean — — — — —
— 2.63 36.5 — —
— — 26.9 — —
— 5.12 553 — —
— 3.97 56.3 — —
— 3.52 61.0 —
7 Soybean meal 5.53 3.75 56.9 97.4 0.25
5.20 2.61 69.5 — —
— — 74.3 — —
— 4.87 61.8 — —
. — 3.32 48.9 — —
2 Soybean grits B o 502 B B
1 Soybean cake — — — — —

a toxin was not detected

The results of screening of mycotoxins in soybean, soybean meal, soy-
bean grits and soybean cake samples are given in Table 3. 3 out of 5 analyzed
samples of soybean did not contain mycotoxins. OTA was detected in one and
ZEA in two samples. AFS, FUM and DON were not present in any soybean
sample, which is in accordance with the previous results of Jaki¢ et al.
(2005) who investigated 63 samples of soybean collected in the period from
1999 to 2004, and their results showed that 0% of soybean samples were con-
taminated with aflatoxins. In soybean meal samples, ZEA was found with the
highest incidence (100% of samples), followed by OTA (85.7%), AFS (28.6%),
FUM (14.3%) and DON (14.3%). Jaji¢ et al. (2001) analyzed 10 samples
of soybean meal collected in 2001 and, according to their results, 100, 90 and
100% of the samples were contaminated with AFS, OTA and ZEA, respecti-
vely. This is in contrast to the data reported by Mag§i¢ et al. (2003) who in-
vestigated 43 samples of soybean meal from the region of Vojvodina in 2002,
and found that 2.3, 6.9 and 4.6% of the samples were contaminated with AFS,
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OTA and ZEA, respectively. Jaji¢ et al. (2008) analyzed DON in soybean
and soybean meal samples collected in 2004 (13 samples) and 2005 (11 sam-
ples). The number of positive samples for DON was 7.7% in 2004 and 9.1%
in 2005, which is in accordance with our results.

Tab. 4 — Occurrence of mycotoxins in sunflower meal samples

No. of Feedstuff AFS OTA ZEA FUM DON
samples (ppb) (ppb) (ppb) (ppb) (ppm)
—a 2.58 48.4 168 0.27
— — 413 — —
Sunflower — 2.24 35.0 — 0.33
7 meal — 3.82 32.8 — —
_ — 38.9 — 0.33
— 2.62 442 — —
— 237 38.8 67.5 0.28

a toxin was not detected

The results of screening of mycotoxins in sunflower meal samples are gi-
ven in Table 4. Of the 7 analyzed samples, ZEA was found with the highest
incidence (100% of samples), followed by OTA (71.4%), DON (57.1%) and
FUM (28.6%). None of the samples was contaminated with AFS. In the period
between 1999 and 2001, Jaji¢ et al. (2001) investigated sunflower meal (21
samples) for the presence of ZEA. The percentage of samples contaminated
with ZEA during a 3-year period was 100%, which is in accordance with our
results. Jajic¢ et al. (2008) analyzed DON in sunflower and sunflower meal
samples collected in 2004 (9 samples) and 2005 (10 samples). The number of
positive samples for DON was 44.4% in 2004 and 50% in 2005. Our results
show that the percentage of samples contaminated with DON was somewhat
higher and was 57.1%. The incidence of OTA in sunflower meal was registe-
red in 71.4% of the analyzed samples. Previous analyses (Jajic¢ et al., 2001)
showed that in years 1999, 2000 and 2001, the percentage of samples contami-
nated with OTA was higher (100, 92.3 and 100%, respectively). Analyses of
sunflower meal showed that no samples were contaminated with aflatoxins,
which is in accordance with the results reported by M ag§i¢ et al. (2003) who
analyzed 19 samples of sunflower meal in 2002 from the region of Vojvodina.

Tab. 5 — Occurrence of mycotoxins in fish and meat-bone meal samples

No. of Feedstuffs AFS OTA ZEA FUM DON
samples (ppb) (ppb) (ppb) (ppb) (ppm)
—a 6.83 — — —
5 Fish meal — — — — _
7 Meat — — — — — —
bone meal — — — — —

a toxin was not detected
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The results of screening of mycotoxins in fish and meat-bone meal sam-
ples are given in Table 5. A total of 5 samples of fish meal were analyzed.
Only one sample was positive for the presence of OTA and other mycotoxins
were not detected. In 2 samples of meat-bone meal mycotoxins were not de-
tected.

Tab. 6 — Occurrence of mycotoxins in various feedstuffs samples

No. of Feedstuffs AFS OTA ZEA FUM DON

samples (ppb) (ppb) (ppb) (ppb) (ppm)
1 Barley —a — — — —
1 Wheat feed flour — 4.79 35.7 — 0.60
1 Rapeseed meal — — — — —
| Dehydrated . _ _ _ _

sugar beet pulps

2 Alfalfa meal - S o - 0.28
1 Yeast — 2.26 31.8 — —
1 Dried whey — — — — —

a toxin was not detected

The results of screening of mycotoxins in various feedstuffs samples are
given in Table 6. One sample of barley, wheat feed flour, rapeseed meal,
dehydrated sugar beet pulps, yeast, dried whey and two samples of alfalfa
meal were analyzed. Mycotoxins were not detected in barley, rapeseed meal,
dehydrated sugar beet pulps and dried whey. Analyses showed that wheat feed
flour, alfalfa meal and yeast were contaminated with OTA and ZEA, while
DON was found in wheat feed flour and in one sample of alfalfa meal. None
of the samples was contaminated with AFS and FUM. The number of ana-
lyzed samples was small and cannot be interpreted as the actual situation in
the field conditions.

Tab. 7 — Occurrence of mycotoxins in complete feedingstuffs samples

No. of Complete feedinestuffs AFS OTA ZEA FUM DON

samples P £ (ppb)  (ppb)  (ppb)  (ppb) (ppm)
Complete mash for piglets — pre-starter —a — — — —
Complete mash for piglets from 1 to . . . 270 .
15 kg — starter
Complete mash for piglets from 1 to
15 kg — starter Pe o o 317439 o
Complete mash for piglets from 15

15  to 25 kg — starter - - 272 232 -

Complete mash for pigs growth and . . . 555 .
fattening from 25 to 60 kg
Complete mash for gilts — — — 291 —
Complete mash for gestating sows — — — 288 —
Complete mash for lactating sows - . 378 479 -
and boars .
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Complete mash for dairy cows over

20 1 milk per day 326 335
Complete mash for cattle fattening
from 250 to 350 kg

Complete mash for cattle fattening
from 250 to 350 kg

— — 40.2 415 —

— 5.24 129 500 —

Complete mash for broilers I — 8.80  36.7 430 —
Complete mash for broilers I — — 52.0 286 —
Complete mash for layers — 2.66 58.4 270 —
Complete mash for trout — — 33.6 — —

a toxin was not detected

The results of screening of mycotoxins in complete feedingstuffs samples
are given in Table 7. A total of 15 samples of complete feedingstuffs were
analyzed. FUM was found with the highest incidence (86.6% of samples),
followed by ZEA (66.6%) and OTA (20%). None of the samples was contami-
nated with AFS and DON.

The difference in contamination level in our samples and samples ana-
lyzed in previous years could be attributed partly to agricultural factors and
partly to variations in the susceptibility to different Fusarium, Aspergillus and
Penicillium species in interaction with climatic factors.

CONCLUSION

Although this screening showed that 71.4% of the samples were contami-
nated with mycotoxins, concentrations were lower than the maximum level
adopted by Serbian and European Commissions’ regulations. Aflatoxins were
found with the lowest incidence (3.6%) followed by deoxynivalenol (14.3%),
fumonisin (33.9%), ochratoxin A (37.5%) and zearalenone (57.1%). Since all
mycotoxins were found in the analyzed samples, it can be concluded that the
monitoring is necessary. Given the vast diversity of commodities that may be
infected by fungi, it is important to acknowledge the fact that the presence of
specific fungi does not necessarily mean that a fungal toxin is present. It is,
therefore, pertinent to analyse the presence of mycotoxins in all cases as far as
possible. The results will help ensure better quality assurance in the feed, as
well as develop the tools for management decision on the fate of feeds that do
not meet the required standards. Based on the given results for the presence of
fumonisins in feed, inclusion in the National regulation should be considered.
Also, there is a need for harmonization of the National regulations with those
of EU.
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CKPUHHWHI MMUKOTOKCHUHA ¥V XPAHU 3A ) KUBOTUILE
CA TIOAPYYJA BOJBOAVHE

Bojana M. Kokuh, MBana C. YabGapkamna, JoBauka [. JleBuh,
Anamapuja M. Mannuh, JoBana J. Matuh, Jdymuna C. MBaHoB

WHuctutyT 3a mpexpambeHe TexHosioruje, YHuBep3uteT y HoBom Cany,
byn. napa Jlazapa 1, 21000 Hosu Can, Cp6uja

Pesume

Pan npukasyje pedyaTare CKpMHMHTa MUKOTOKCMHA Y XpaHU 3a KUBOTUH-E ca
nonpydja Bojonuue. [lepmMaHeHTaH CKPUHUHT je IMOTpedaH Ha CBUM HUBOMMaA ITPOM3-
BOMIbE U CKIAAMINTEHA, KA0 UM Kopullherwe MOo3HATUX METoJa 3a CMameHhe KOHTaMM-
Hallyje TJIeCHUMa WJIM TOKCMHMMA y XpaHWBMMAa M XpaHU 3a KUBOTHUIbE. [IpuKymbeHO
j€ YKyIHO 56 perpe3eHTaTMBHUX y30paka M3 (abpuka 3a MPO3BOMAIbY XpaHE 3a YKUBO-
THIbEe Ha Tonpyyjy BojBommue. Y3opuu cy npukymbeHn TokoM ¢geopyapa 2009. IMpu-
KYIUb€HU Y30plU cy oOyxBaTaiu 41 y3opak xpaHuBa (coja, COjuHa cauma, COjUH TpHU3,
cojuHa TIoraya, KyKypy3, CYHILIOKpETOBa cauyma, jeyaM, MIIEHUYHO CTOYHO OpallHo,
cauma yJbaHe pernuile, CyBU pesaHall iehepHe pere, OpallHO Of JyLEpKe, CTOUHU
KBacall, CypyTKa y mpaxy, pubsbe OpaliHOo, MECHO KolTaHO OpaliHo) U 15 y3opaka
nornyHux cMmema. OnpeheHa je konuumHa agaaTOKCHMHA, OXpaTOKCHMHA A, 3eapajieHo-
Ha, (pyMOHU3MHA M JeOKCHHMBajeHoja. CKPMHUHI METOJA 3a aHaju3y je M3BeldcHa
nomohy Neogen Veratox® TtecroBa. OBaj METO MOApasyMeBa NUPEKTHY KOMIETUTHUB-
Hy eH3UMCKY nMyHoaduuutetHy metoay (CD-ELISA). MUKOTOKCUHMU Cy NETEKTOBAHU
y 71,4% y3opaka, anu cy yTBphieHe BpeIHOCTU WCITOA MaKCUMaJIHe J03BOJbEHE I'paHM-
e mponucaHe mnpaBwiHukoM Cpbuje n EY. 3eapaneHoH je mpoHaljeH y HajBehem
6pojy y3opaka (57,1% y3opaka), 3atum oxpaTokcuH A (37,5%), ¢dymonnsun (33,9%),
neokcuHuBaieHon (14.3%) u adnarokcunu (3.6%).
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YEAST BIODIVERSITY IN SLOVENIAN WINE REGIONS:
CASE AMINO ACIDS IN SPONTANEOUS AND
INDUCED FERMENTATIONS OF MALVASIA

ABSTRACT: Microbial biodiversity can also be reflected in final product composi-
tion. The work described in this paper investigates the differences in the amino acid compo-
sition of 14 Malvasia musts/wines fermented with local and commercial starter yeasts, com-
paring all to the spontaneous fermentations of must of the same origin. We tried to ascer-
tain whether the changes were dependent upon different initiations of fermentations. A
comparative study of free and total amino acid evolution was prepared. The total concen-
tration of 15 amino acids studied was 1975 mg/l, and the concentration of fraee amino acids
was 1061 mg/l. Spontaneous and induced fermentations showed different fermentation rates.
Three to nine days were needed to reduce sugar by 50%. Although the proline is regarded
as non-assailable amino acid, decreases in concentration were observed. Lysine was the
only amino acid where the concentration increased. The minimal uptakes of amino acids oc-
curred during spontaneous fermentations, whereas the maximal uptakes were observed in
the fermentations inoculated with local starters.

KEYWORDS: fermentation, biodiversity, yeasts, must, wine, amino acids, proline,
Malvasia

INTRODUCTION

The fermentation of grape juice into wine is a complex biochemical pro-
cess involving interactions between yeasts, bacteria, fungi and their viruses.
During natural fermentation many different Saccharomyces cerevisiae strains
undergo sequential substitutions (Fleet and Heard, 1993). The use of ino-
culum dramatically changes the microbiology of the wine fermentation process
(Raspor etal, 2002). Over the past years, there has been an increasing use
of locally selected yeasts for controlled must fermentation in the countries with
a winemaking tradition (Raspor et al, 2006). Though commercial yeasts
exist to accomplish must fermentation, the use of local yeasts is believed to be
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much more effective (Perez-Coello et al., 1999). Local yeasts are pre-
sumed to be more competitive because of their acclimation to the environ-
mental conditions (Zagorc et al., 2001). Therefore, they would be able to
dominate the fermentation successfully and become the most important biolo-
gical agents responsible for the vinification (Povhe Jemec et al., 2001).
Selection of the appropriate local yeasts assures the maintenance of the typical
sensory properties of the wines produced in any given region (Regodon et
al,, 1997; Povhe Jemec and Raspor, 2005).

The nitrogenous compounds utilized by Saccharomyces cerevisiae include
different substances, such as ammonia, urea, amino acids, small peptides, and
purine and pyrimidine bases (Cooper, 1982). Major nitrogen species in
average grape juice are proline, arginine, alanine, glutamate, glutamine, serine
and threonine. Ammonium ion levels may also be high, depending on the
variety and time of harvest (Henschke and Jiranek, 1993).

The composition of amino acids is of great importance in wine produc-
tion, since they have a direct influence upon the aromatic composition of
wines. Amino acids in wines have a variety of origins. Those indigenous to
grape can be completely metabolized by yeasts during the growth phase,
others can be excreted by live yeasts or released by proteolysis during the
autolysis of dead yeasts, while some are produced by enzymatic degradation of
grape proteins (Lehtonen, 1996).

The uptake and metabolism of nitrogen compounds by S. cereviae depend
not only on the strain and physiological conditions, but also on the physical
and chemical properties of the must and technological procedure (Ancin et
al., 1996). A key step for the control of any metabolite utilization is the tran-
sport of the compound into the cell. Most nitrogen containing compounds are
transported via active mechanisms since the cellular concentrations of each of
these components would need to be higher than outside the cell. The amino
acids active transport in yeast is typically coupled with the movement of ions
(Cooper, 1982).

In typical grape juice fermentation, nitrogen-containing compounds pre-
sent in low concentrations are taken up very quickly, within the decrease of
the first two Brix units. Degradation of compounds as nitrogen sources occurs
after the biosynthetic pools of amino acids are filled. The metabolism of nitro-
gen containing compound yields in end products is of great importance in de-
termining wine quality. Nitrogen containing compounds in the grape must can
be: (i) utilized as that compound directly in biosynthesis, (ii) converted into a
related compound and utilized in biosynthesis, or (iii) degraded releasing nitro-
gen either as a free ammonium ion or as bound nitrogen. Amino acids are de-
aminated catabolically in order to release their nitrogen components, leaving
behind carbon skeletons that will generally represent a waste product from the
yeast’s viewpoint. Deamination of amino acids can result in the formation of
a-keto acids or higher (fusel) alcohols (Henschke and Jiranek, 1993).

The work described in this paper investigates the differences in the amino
acid composition of Malvasia musts/wines fermented with local and commer-
cial starter yeasts, comparing all to the spontaneous fermentations of must of
the same origin. Many recent studies were focused on the development of free
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amino acids during fermentations, so we concentrated our study on the total
amino acid content. We studied the evolution of amino acids in 14 microvini-
fications to ascertain whether the changes were dependent upon the different
initiations of the fermentations. For better understanding of the results ob-
tained, we prepared a comparative study of free and total amino acid contents
in a selected fermentation.

MATERIALS AND METHODS

Cultivar. The vine of Malvasia (Vitis vinifera L. cv. “Malvasia”) can be
found in several varieties in Mediterranean wine regions. Our study was fo-
cused on the “Istrian Malvasia” variety that grows in the coastal regions of
Slovenia, Croatia and northern Italy (Cosmo and Polsinelli, 1964).

Must. The grapes of Malvasia were harvested in the vintage year of 1997,
in the coastal region of Slovenia. The grape berries were ripe, undamaged and
no Botrytis cinerea was present. The grape berries were crushed into 240 | of
must and poured into a 500 1 (PVC) container. The must was clarified by sedi-
mentation at 13°C for 18 hours and no sulfur was added. The initial pH value
of the must was 3.28 and the concentration of sugars was 227 gl-! (113 mg/l
glucose and 114 mg/l fructose).

Yeast starters. The strains belonged to the species Saccharomyces cerevi-
siae and they all possessed killer activity. All yeast strains were stored in the
ZIM Culture Collection at the Biotechnical Faculty in Ljubljana.

a) Commercial strains: (B) ZIM 1749, (C) ZIM 1750, (D) ZIM 1751, (E)
ZIM 1752.

b) Local strains: (F) ZIM 1640, (G) ZIM 1645, (H) ZIM 1709, (I) ZIM
1667.

Inoculum. Single colony cultures were cultivated in YM medium (0.3%
yeast extract, 0.3% malt extract, 1% glucose) until they reached the late
exponential phase. The strains were harvested by centrifugation and prepared
in aliquots for final concentration in must 10° strains/ml. Commercial starters
were prepared as suggested by their producer and added in the same concen-
tration to the must.

Fermentation. Fourteen fermentations were performed in glass bottles
containing 9 1 of Malvasia must. Four commercial yeast starters (B, C, D and
E) and four local yeast strains (F, G, H and I) were applied as starters in eight
microvinifications. Six fermentations (A0, Al, A2, A3, A4 and A5) of Mal-
vasia must were allowed to ferment spontaneously. The temperature of the cel-
lar was monitored every morning and ranged from 12 to 13°C. Fermentations
were followed for 24 days.

Sampling. The samples of Malvasia must/wine were taken from the cen-
ter of the bottle four times during the fermentation processes. The results pre-
sented in this study refer to the following sampling points: (i) must before the
inoculation, (ii) at ¢25% consumed sugar, (iii) at ¢75% consumed sugar, and
(iv) wine at the end of fermentation, when the sugar content was constant.
Sampling points refer to the following sampling times (i) after overnight cold
settling, (ii) 2%, 3, 5t or 6" day, (iii) 7%, 9™ or 11%, and (iv) 24% day of fer-
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mentation. Part of the sample was centrifuged (4000g, 15 min) and stored fro-
zen for chemical analyses.

Yeast population monitoring. Part of the sample was immediately plated
on YEPD agar plates in different dilution rates to determine the survival of the
inoculated strain. The survival of the inoculated strain was determined by kil-
ler activity (Stumm et al., 1997) and karyotype pattern analysis (Raspor
et al., 2000) of the isolated yeast strains from the fermentations.

Determination of compounds

a) A modified method of Cohen (1993) was used to detect free amino
acids (AaF) and amino acids that compose proteinaceous components (AaP) in
wine. The method was based on derivatization with aminoquinolyl-N-hydroxy-
succinimidyl carbamate. The compound reacted with amino acids to form sta-
ble urea derivatives, which are amenable to analysis by HPLC. Analyses were
performed with a Hewlett-Packard 1100 liquid chromatograph using Waters
chromatography column Nova Pack C18; length 150 mm, diameter 4 mm, par-
ticle size 4 mm (Waters chromatography division, USA). Fluorescence of deri-
vatives was detected by excitation at 250 nm and emission at 395 nm. The
samples for total amino acid (AaP) analyses were previously degassed in an
ultrasonic bath and filtrated, and the a-amino butyric acid as an internal stan-
dard was added. The samples were vaporized and hydrolyzed with 6 M HCI.
Aliquots were buffered with borate buffer (pH = 9.3). Each sample was
analyzed twice and the mean value was considered for the study.

b) Total nitrogen was determined with the Kjeldahl method (OIV, 1993).
The samples were mineralized with H,SO,, CuSO, as a catalyst and K,SO, to
raise the boiling point. Distillation of the total nitrogen was performed with
Tecator automatic steam equipment (Tecator AB, Sweden).

¢) Gas-chromatographic analyses were carried out using a Hewlett-Pac-
kard 5890 gas chromatograph. Ethanol, methanol, higher alcohols and ethyl
acetate were determined by the direct injection of 1 ml of wine to which
2-methyl-2-propanol was added as an internal standard. A HP-INNOWAX co-
Iumn (60 m x 0.25 mm with 0.25 wm film thickness) was used. The following
temperature program was used: 35°C/10 min, then 5°C/min to 100°C and
finally, 40°C/min to 200°C. Injector and detector temperatures were 200°C
and 250°C, respectively. Hydrogen N-48 at 1 ml/min served as a carrier gas.

d) Sugar (fructose and glucose) was determined using a Hewlett-Packard
1100 liquid chromatograph with Bio-Rad HPX-87H column, and by detector
based on refraction index differences. The mobile phase used was 0.007 M
H,SO, (OIV, 1993).

RESULTS AND DISCUSSION

Yeast population. During the fermentation of Malvasia the yeast popu-
lation was monitored by checking the killer activity and by karyotyping. For
this purpose, 2856 yeast strains were isolated and tested for their killer acti-
vity, and 1405 of them were characterized by karyotyping. In all induced fer-
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mentations (commercial starter yeast B-E and local strains F-G) inoculated
strains dominated over the indigenous yeast population of Malvasia must. All
isolates that originated from the last sampling points of inoculated fermenta-
tions possessed identical karyotype patterns, whereas the strains isolated from
the spontaneous fermentations (A0-A5) showed higher chromosomal polymor-
phism. All isolates from the inoculated fermentations (B-I) showed very strong
killer activity, so we concluded that the inoculated killer strains were able to
suppress the indigenous yeast population of Malvasia must effectively (Z a -
gorc et al., 20001).

Composition of Malvasia must. Surveys of amino acids in grape juices
from different vine growing regions have revealed immense variations in both
the present amino acid, and the concentrations in which they appear (Henschke
and Jiranek, 1993). Actual amount of N required to complete the fermentation
is dependent on individual yeast strains present in the must, initial glucose
concentration, and presence or absence of oxygen.

After cold settling, the Malvasia must was analyzed for its total nitrogen
content using Kjeldahl method. The concentration determined was 811 mg N/I.
HPLC determined 146 mg N/I free amino acids, and 169 mg N/I that originated
from the amino acids from proteinaceous compounds of the Malvasia must.

Free and total amino acids. The total concentration of 15 amino acids stu-
died was 1975 mg/l, including the amino acids released from proteinaceous
substances (AaP) and free amino acids (AaF). The concentration of free amino
acids was 1061 mg/l and they represented 53.7% of the AaF+AaP content
(Table 1). The content of free amino acids of Malvasia must was poorer in
comparison to Malvar must (Dizy and Polo, 1996), which contained 1625
mg/l of the same 15 free amino acids studied.

Tab. 1 — A comparative study of changes in free (AaF) and total (AaF+AaP) amino acid concen-
trations (mg/1) during the induced fermentation of Malvasia must/wine, inoculated with local yeast
strain I

AaF (mg/l) AaF + AaP (mg/l)

Must ~25% ~75% Wine Must ~25% ~75% Wine
Alanine 123 13.1 6.6 3.13 137 20.0 20.6 11.8
Arginine 324 1.41 0.79 0.53 377 12.6 10.7 6.46
Asparagine 3.7 * * 0.62 55.0 26.5 16.2 16.2
Glutamine 233 2.53 * 3.29 154 31.5 26.1 19.1
Glycine 4.0 0.80 0.31 0.76 81.3 34.3 26.8 16.7
Histidine 121 0.84 * 0.85 115 14.3 14.6 6.13
Isoleucine 8.4 * * 0.38 40.5 12.1 8.22 5.79
Leucine 9.5 * * 0.49 83.5 24.3 15.5 10.1
Lysine 12.6 1.14 0.61 1.21 104 9.17 3.92 8.68
Methionine 6.7 * * 0.48 20.4 2.45 4.42 3.95
Proline 272 114.6 86.3 88.1 500 241 266 231
Serine 54.8 2.07 0.94 0.61 138 33.6 27.5 12.0
Threonine 58.7 18.6 5.41 * 175 35.6 30.5 12.8
Tyrosine 19.9 0.85 0.54 0.78 25.1 3.91 2.84 6.71
Valine 19.5 0.52 0.31 0.67 62.8 16.4 13.1 8.93
Total 1061 156 102 102 1975 518 490 408
* < 0.3 mg/l
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The most abundant amino acids in the must of Malvasia were proline,
glutamine, and threonine, when only AaP was considered. In the AaP fraction,
these three amino acids represented 52%. In the AaF fraction, the order of
amino acids was different: arginine, proline and alanine, and they represented
68% of the amount of free amino acids. Comparing the amounts of amino
acids in AaF and AaP fractions of the Malvasia must, it was observed that the
amino acids appearing mainly in the proteinaceous form were asparagine, glu-
tamine, glycine, isoleucine and leucine. On the contrary, alanine, arginine, hi-
stidine, lysine and tyrosine were present almost exclusively as free amino
acids.

During the induced fermentation I, inoculated with the local strain I (ZIM
1667), the changes in AaF and AaF + AaP concentrations were analyzed four
times (Table 1). The fermentation I was chosen for the comparative study, be-
cause the wine I was evaluated as the best one in the sensory analyses (results
not shown). The rapid decrease of AaF took place in the first phase, when
85% of free amino acids were consumed. All free amino acids, with the
exception of proline, threonine and alanine, were almost totally accumulated
by yeasts during this phase. The AaF uptakes or releases were stabilized
between the second and the third phase of fermentation. Untill the end of the
fermentation process I, 68% of proline in free form was accumulated in yeasts,
whereas threonine and alanine were slowly depleted from the must/wine to-
wards the end of the fermentation. The final concentration of unconsumed free
amino acids was 100 mg/l, with proline having the major part.

Peptides and proteins may also provide a source of N depending on the
extent of hydrolysis to amino acids, since some non-Saccharomyces species,
isolated from the fermenting must, posses significant acid protease activity
(Lagace and Bisson, 1990; Spayd and Andersen-Bagge, 1996).
This study showed that in the first phase of Malvasia fermentation, 552 mg/l
of amino acids were depleted from the proteinaceous compounds. From the se-
cond to the third sampling point, the change in the AaP concentration was not
significant, but from the third sampling point till the end of the fermentation it
decreased by 80 mg/l. The final concentration of AaP in the wine was 300
mg/l. During the fermentation of wine I, the uptake of amino acids that origi-
nated from AaP reached 608 mg/l.

The results presented in Table 2 show the depletion of amino acids du-
ring the fermentation course in one group of fermentations (spontaneous and
inoculated with local or commercial strains). The calculated S. E. M. (standard
errors of the mean) was mostly around + 10% of the mean value. There are
few exceptions marked in Table 2. We could find no reasonable explanation
for these deviations, as they occurred only in some amino acids and without
any predictable cause. The uptake of amino acids in the form of AaF + AaP
was higher during the fermentations induced with local strains, where it reach-
ed 1609 mg/l. In the case of commercial starter yeasts, the uptake of AaF +
AaP was 1484 mg/l, and in spontaneous fermentations it was 1425 mg/l.
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Tab. 2 — Mean values* of amino acid concentration (mg/l + S.E.M.) during the spontaneous and
induced (commercial and local starter yeasts) fermentations of Malvasia. Dotted squares: except-
ions with higher S.E.M.; shading: the mean values that deviate from the other fermentation types
(* Number of samples: spontaneous n = 6; local n = 4; commercial n = 4)

~25% fermented sugar ~75% fermented sugar Wine
Must

spont comm local spont comm local spont comm local

Alanine 137 | 23.4£1.9 | 304+6.1 | 19.5£0.6 | 61.7426 | 13.3x1.2 134424 | 34.7+12 | 20.0¢3.2 15423
Arginine 377 | 129447 |28.8+14.6] 7.9£1.65 94+1.0 6304 53+22 13.0¢14 103£1.5 8.0x1.0
Asparagine  55.0 35.8+33 31.4£1.61 29.4+1.6 17.9+1.7 20.8+#2.0 17.9+0.6 16.8+£3.1 28.1+38 22.0+2.9
Glutamine 154 38.6x19 323£1.6 33.8+19 12.5+1.3 179+1.7 21.6x1.6 353#£32 40.8+42 25.543.1
Glycine 813 269+1.1 35.1+39 27.6£2.5 219+19 157«1.7 179430 46.7+3.5 39.6#49 17.1x18
Histidine 115 10405 15.1£24 10.6x13 232+1.6 59+0.7 8.5+2.0 10.7¢1.3  6.120.6
Isoleucine 405 10.7+0.6 12.8+1.5 104+0.7 102+0.6 6.8+0.7 6.5+0.6 121204 12.1£22 79«11
Leucine 83.5 16.6+09 189+1.8 17.9£23 19.2+13 124£1.6 11.6+1.3 23.0x1.8 18.0£3.2 13.8x1.6
Lysine 104 15.6£1.7 132+1.1 11.8x1.0 38+£1.0 9406 7.1+1.0 13.0+0.7 16.8+2.5 123+1.6
Methionine 204 0.7+02  4.6£2.7 18403 5106 27+0.5 3405 9.3+08 89+1.7 54+£1.0
Proline 500 309£28  261x16  218+14  239+19 21624  225+14 253+8.6 218+4.2  186x15
Serine 138 29.4+39 32.8+3.43 27.0+2.50 26.9+2.3 16.8+1.7 | 18.3+3.1 | 23.5#1.6 17.6+2.0 15.1%1.8
Threonine 175 19.3+1.0 | 34.9+7.7 | 234442 30.0+3.4 143+1.5 | 184+4.1 | 26.8+2.7 17.5¢19 15.3£1.6
Tyrosine 251 | 4712 | 41«14 27x06 7.5+#15 29406 23x05 9.6£19 155#23 55+13
Valine 62.8 16.0£1.0 183+1.7 152+0.7 13.6£1.0 10.1x0.8 103£1.0 16.7+1.3 17.2#25 11.315

TOTAL 1975  618+39  574£52  457+28  502+45 372429 387+33  550£12 49138  366+22

According to the results (Tables 1 and 2), 4 groups of concentration cur-
ves resulting from uptakes and releases of amino acids can be distinguished.
The first group consists of amino acids that appeared in AaF form and were
completely consumed: alanine, arginine, histidine and tyrosine. The second
group consists of amino acids which, besides the AaF form, partially accumu-
lated the AaP form: asparagine, glutamine, glycine, isoleucine, leucine, methio-
nine, serine and valine. Proline had a third pattern of depletion from the me-
dium, although it is regarded as non-assailable. Lysine represents the forth
one, since its concentration increased during the fermentation processes.

Studying the minimal and maximal changes in the concentration of AaF
+ AaP in the fermentation processes of induced and spontaneous fermentations
of Malvasia (Table 3), some interesting differences can be detected. Among
the 15 studied amino acids, the minimal uptake (light shading) in the most
cases occurred during the spontaneous fermentations.

Tab. 3 — Minimal and maximal differences in the concentration of AaF + AaP (mg/l) in the must
(C,») and wines (C,,) of induced and spontaneous fermentations of Malvasia. The percentages pre-
sent the accumulated part of the amino acid.

C, — C,, (m/) %o
Spontaneous Local Commercial Spontaneous Local Commercial
Min Max Min Max Min Max Min Max Min Max Min max
Alanine 47 122 115 125 112 125 334 89.1 849 912 81.7 912
Arginine 360 368 366 370 364 371 955 976 97.1 981 96.6 984

Asparagine 29 49 25 39 20 38 535 89.1 455 709 364 69.1
Glutamine 110 129 120 135 108 126 714 838 779 877 70.1 818
Glycine 24 48 59 67 34 54 295 59.0 726 824 418 664
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Histidine 78 104 107 110 102 108 67.8 904 93.0 956 887 93.9

Isoleucine 27 30 29 35 24 34 667 741 71.6 864 593 839
Leucine 54 65 66 73 60 74 647 778 79.0 874 719 88.6
Lysine -5 -04 17 -63 06 -11 * * 16.3 * 5.8 *

Methionine 9 13 12 16 8 16 44.1 63.7 588 784 392 784
Proline 230 287 269 336 272 290 46.0 574 538 672 544 580
Serine 110 118 118 126 116 126 79.7 855 855 913 841 913
Threonine 141 156 155 162 154 163 80.6 89.1 88.6 92.6 88.0 93.1
Tyrosine 10 20 16 22 6 16 398 79.7 63.7 876 239 63.7
Valine 40 50 47 54 41 52 637 79.6 748 86.0 653 82.8

* Increased during fermentation

One of the explanations for this phenomenon could be a lower number of
fermenting cells. The maximal uptake (dark shading) was in most cases seen
in fermentations inoculated with local starters. This observation could support
the hypothesis that local strains are more adapted to the fermentation process
of a local substrate. According to the results, the maximal uptakes of amino
acids were usually higher than 80%, only in the case of proline they were
lower (67%). The minimal uptakes were at their lowest value, at around 30%
in the case of asparagine, glycine, alanine, methionine and tyrosine, and
around 60% in the case of leucine, isoleucine, valine and hystidine. The diffe-
rence between minimal and maximal uptakes of arginine was not significant;
the values were about 95%. An increase of amino acid could only be observed
in the case of lysine.

Proline and lysine. The total concentration of lysine increased by 0.4 to
11 mg/l during the fermentations. In the Malvasia must, the initial concen-
tration of lysine was 10.4 mg/l, which means that the final concentrations of
lysine in the wines were, in some cases, two times higher than the initial. Our
result coincides with those found in Garnacha fermentations (Goni and An-
cin-Azpilicueta, 1999a, b), where lysine was found in low concentration,
and its total concentration increased during fermentations, too. In chemically
defined grape juice Jiranek et al. (1990) could observe only higher up-
takes of lysine.

Although the proline is regarded as non-assailable amino acid, we noticed
decreases in the concentration. Half of proline in both AaF and AaP form was
already accumulated in the first phase of fermentation. During the induced fer-
mentations, when local and commercial strains inoculated, the total amount of
proline was reduced by 62 and 56%, respectively. During the spontaneous fer-
mentations, the total amount of proline was reduced by 49%. According to the
literature, the accumulation of proline could occur because of oxygen presence
in the early phase of fermentation, since the mechanism of proline uptake is
known. Under the typical anaerobic conditions of wine fermentations, proline
is not utilized by yeast, but under aerobic conditions Saccharomyces cerevisiae
can use proline as N source (Ingledew et al., 1987). On the contrary,
Dizy and Polo (1996) showed in their study that during the fermentation
of Malvar must, the concentration of proline increased, which could be also a
consequence of arginine metabolism.

Fermentation rates. Goni and Ancin-Azpilicueta (1999a) ob-
served that the fermentation rates of Garnacha musts were similar for both the
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Fig. 1 — The fermentation rates of spontaneous (a), and induced fermentations inoculated

with commercial (b), and local strains (c¢) with the total amino acid concentrations
represented individually for each of 14 fermentations.

inoculated and spontaneous fermentations, which was not the case in our
study. The fermentations induced with starter strains, or those allowed to fer-
ment spontaneously, showed different fermentation rates. It is evident from Fi-
gure la that spontaneous fermentations needed 9 days to ferment 50% of su-
gar. Four to six days were needed for the same reduction in the fermentations
induced by commercial strains (Figure 1b).

The fermentations induced by the local strains were even faster, 3 to 5
days were needed to ferment half of the sugar (Figure 1c). All available sugar
was not fermented completely in some fermentations. In spontaneous fermen-
tations, about 20 g/l of sugar were left, as well as in the fermentations induced
with the local strains, F and G. However, in the fermentations induced by lo-
cal strains, H and I, the concentration of residual sugar was below 5 g/l. The
commercial starter strains possessed good fermentation characteristics, since all
available sugar was consumed. The evolution of the total amino acids, AaF +
AaP, for each of the 14 fermentation processes individually (Figure 1 a, b, ¢)
support the observations previously described in the results in Table 3. It is
evident that the local strains also showed an individual tendency toward higher
amino acid uptake.

Metabolites of fermentation process. Ethanol, methanol and some higher
alcohols were analyzed to study the impact of different starter strains on the
evolution of metabolites of Malvasia fermentation processes. The analyses,
where the minimal and maximal concentrations are marked by shading, are
summarized in Table 4.
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Tab. 4 — The final characteristics of Malvasia wines obtained in spontaneous (A0-AS5) and in-
duced (B-E: commercial, F-I: local strains) fermentations

Fermentor  Acetal- i-Amyl- Ethanol

Etilacetate Methanol n-Propanol i-Butanol

mg/l dehyde alcohol vol %
A0 18.2 315 50 16.7 31.2 195 12.7
Al 16.4 30.1 50 174 37.9 200 12.5
A2 18.9 31.7 50 17.8 37.6 200 12.4
A3 16.5 31.6 55 17.7 35.0 185 12.3
A4 14.7 29.1 50 15.8 34.1 179 12.7
A5 194 30.3 55 18.2 35.8 197 12.5
B 23.7 38.2 50 23.2 433 270 13.8
C 15.8 29.9 50 27.8 23.8 219 13.6
D 34.7 32.0 60 28.4 38.9 207 13.8
E 224 29.0 60 30.9 26.2 249 13.8
F 245 39.9 55 19.6 543 270 12.1
G 17.9 27.8 50 223 54.8 284 12.0
H 37.1 28.7 50 19.7 31.2 216 13.6
I 23.6 35.8 60 19.4 78.6 376 13.5

The amounts of ethanol produced in the fermentations of Malvasia co-
incide with the amount of fermented sugar (Figure 1). In all spontaneous
(AO-A1) and two induced fermentations (F and G), the concentration of etha-
nol was lower, and so was the sugar consumption. Commercial strains (B-D)
and two local strains (H and I) showed high tolerance to ethanol, since its fi-
nal concentration reached 13.8 vol%. The methanol produced does not threaten
the wine quality. In a similar study of Lema et al. (1996), where some com-
ponents of Albarifio wine aroma were monitored, significant differences were
not observed. During the fermentation of Malvasia, more i-amyl alcohol and
i-butanol, and less etylacetate were obtained.

The principal higher alcohols produced by yeast are n-propanol, isobuta-
nol, isoamyl alcohol and aromatic alcohols. Although they exhibit harsh, un-
pleasant aroma, at the concentrations generally found in wine, below 300 mg/l,
they are usually considered desirable (Rapp and Versini, 1991). Fermen-
tation studies using dual-labeled amino acids and sugars have demonstrated
that no simple relationships exist between the concentration of the parent
amino acid and the corresponding alcohol. Nevertheless, availability and ti-
ming of amino acid uptake will influence higher alcohol formation and affect
wine flavour. It is generally believed that esters contribute the most to the de-
sirable aspects of the fermentation bouquet of wine, and account much for the
greater aroma intensity of wines derived from must of higher nitrogen content
(Chen, 1976; Henschke and Jiranek, 1993).
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BUOJIOIIKA PABHOBPCHOCT KBACALA Y CJIOBEHAUYKMM
BUHAPCKUM ITOAPYUYIUMA: CIIYYA] AMUHOKUCEINHA KOJ
CITOHTAHUX U MHAYKOBAHUX ®EPMEHTALIMJA MAJIBASUJE

ITerep U. Pacnop, Tatjana U. 3aropu, Katja P. ITosxe Jemen, Hexa M. Yanex

BuotexHuuku dakynater, JenapTMaH 3a HayKy O XpaHU U TMpexpamOeHy
texHojorujy, JamuukapjeBa 101, 1000 Jbybosana, CroBeHuja

Pesnme

MukpoOuoIoIIKa pa3HOBPCHOCT MOXKE Ja C€ OApa3y M Ha cacTaB Kpajiber Ipo-
u3BoNa. Y pajy Cy UCIUTUBAHE pa3jvMKe Yy aMUHOKUCEJIMHCKOM cacTaBy 14 mayiBasuj-
CKUX CHpPOBMHA (pepMEHTUCAHUX ITOMONY JOKaJIHUX U KOMEPLUjaTHUX CTapTep-KYITy-
pa KBacaila, a nopehere je M3BPILIEHO Y OMHOCY Ha CHOHTaHe bepMeHTaluje Iupe
TMOPEKJIOM M3 MCTOI MOApydYja.

IMokyianyu cMo Aa yTBpAMMO Jia JIU CY PA3IMKe 3aBUCWJIE Ol Pa3IMuUTUX TMoye-
Taka (pepMmeHTanuja. [IpunpeMuan cMo KOMIApaTUBHY CTYAWjy pa3Boja CI000OHUX U
VKYMTHUX aMHUHOKUCeJMHA.

VKymnHa KOHLIeHTpauuja 15 aMMHOKHMCEIMHA Koje Ccy IpoydyaBaHe Ouia je 1975
mg/l, 10K je KOHLeHTpaluja clroboaHUX aMuHOKUcearHa 6mna 1061 mg/l. CroHTtaHe
U MHIyKOBaHe (hepMeHTallMje Cy ToKas3aje pasauuure Op3uHe dhepMeHTauuja. Tpu 1o
JIEBET JlaHa je OWIo MOoTpeOHO Kako Ou ce campikaj mehepa cmamuo 3a 50%. Mako ce
MPOJIMH cMaTpa aMUHOKHCEJIMHOM KoOja HUje TIOUIOKHA JejioBamy KBacalia, mpuMehe-
HO je cMamMBame HeroBe KOHIEeHTpaluje. JIM3uH je Owna jenrHa aMMHOKMCEJIMHA
Yyyja ce KOHILIeHTpaluja moBehana. YTpollak aMUHOKUCEIMHA je 0O MUHUMaJIaH TO-
KOM CHOHTaHMX (epMeHTalluja, JAOK je, y ciaydajy (pepMeHTallMja MHOKYJIMCAaHUX ca
JIOKQJIHUM CTapTep-KyJaTypama, yTpolllaKk OMO MakCUMaJaH.
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MEDICINAL MUSHROOM GANODERMA LUCIDUM
IN THE PRODUCTION OF SPECIAL BEER TYPES

ABSTRACT: Mushrooms like Ganoderma lucidum have been used for thousands of
years as a traditional medicine in the Far East. Ganoderma received wide popularity as an
eating mushroom with high nutritive value, but even more as medical fungi. It has been
used for the treatment of various diseases: hepatitis, hypertension, insomnia, and even can-
cer. Due to its extraordinary action, it is often called “Elixir of life”, “Food of gods” and
“Mushroom of universe”. The intracellular and extracellular polysaccharides (3-glucane) in-
hibit the growth of several types of cancer. Mushroom produces triterpenes of which
especially ganoderic acid showed cytotoxicity on primary tumor liver cells, inhibition of
histamine release, hepatoprotective effect, stimulation of the immune system functions, inhi-
bition of the aggregation of blood plates, etc. On the other hand, beer as a purely natural
beverage obtained in the process of fermentation, contains a number of ingredients which
are important for human organism, and in moderate usage has favourable reaction on the
general health condition of the body. As such, beer is a very good basis for the develop-
ment of a number of new products with defined pharmacodynamics influence.

In this work, we have investigated the possibilities of using extracts of mushroom
Ganoderma lucidum in the production of special beer types. The composition of mushroom,
properties of the most important active ingredients, extraction procedures, and sensory cha-
racteristics of the beers on the basis of such extracts were determined. The most important
parameters of quality and possibility of adjustments using extracts of different medicinal
herbs were investigated.

INTRODUCTION

Mushrooms like Ganoderma lucidum (Fr.) Karst (Ganodermataceae) has
been a focus of public and health interest in recent years. It has been used in
traditional Chinese medicine for centuries, and it is well known as Ganoderma
in China, Reishi in Japan, and Young Zhi in Korea. During a long history pe-
riod, it was regarded as a ,,Herb of Deathlessness” or ,,Miraculous King of the
Herbs”. Over the past decade, Ganoderma was extensively researched in medi-
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cal area. It contains numerous bioactive natural components, polysaccharides,
ganoderic acids, ergosterols, proteins, unsaturated fatty acids, vitamins and mi-
nerals, with properties conducive to normalizing and balancing the body. They
can enhance health and help in relief of a multitude of diseases (Zhou et al.,
2007). Numerous studies have proved that anti cancer properties of Gano-
derma come from polysaccharides, mainly from b-glucans. Polysaccharides are
extracted with hot water, salt solutions, alkali solutions and dimethyl sulfoxide
solution. Extractions are preformed from mycelia to dry fruit body of fungi.
Among those, neutral polysaccharides (f-1—-3, -1-6 homo D-glucan), aci-
dic glucan and polyglycan are bioactive. Glucan consisting of (1—3)-, (1-4)-,
and (1-6)-f-D linkages has been characterized with novel antitumor activity
against oncogenesis and tumor metastasis (Yuen and Gohel, 2005). The
cancer cell cytotoxicity can be explained as the direct killing of cells or the in-
hibition of cell proliferation. Using the tetrazolium (MTT) method, inhibition
of proliferation has been shown in various cancer cell lines, including murine
Iymphocytic leukemia L1210 and Lewis lung carcinoma (LLC), human hepa-
toma PLC/PRF/5 and KB, human breast cancer MDA-MB-123, human pro-
state cancer PC-3, human breast cancer MCF-7, human cervix uteri tumor
HeLa, and low-grade bladder cancer MTC-11 (Yuen and Gohel, 2005).

The other main group of Ganoderma components are triterpenoids. Their
pharmacological effects are known as antioxidative, immune-modulating and
antitumor. Major triterpenoides isolated from Ganoderma mushroom are diffe-
rent types of ganoderic acids. There are A, B and C ganoderic acids. Now,
there are more than 130 oxygenated triterpenes (mostly lanostane-type triter-
penes) that have been isolated from the fruiting bodies, spores, mycelia and
culture media. They are divided into C30, C27 and C24 compounds according
to the number of carbon atoms and based on the structure and the functional
groups (Huie et al, 2004; Gao et al.,, 2005; Luo and Lin, 2002). It has
been demonstrated that ganoderic acids -R, -T, -U, -V, -W, -X, -Y , and -Z;
lucidimol-A and -B; Ganodermanondiol; ganoderiol F; and Ganodermanontriol
exert cytotoxic-based carcinostatic effects on cancer cells, and many of them
also possess anti-angiogenesis activity (Silva et al, 2003; Min et al,
2000). When we consider proteins and peptides isolated from Ganoderma, se-
veral active proteins and bioactive peptides have been isolated. Protein LZ-8
isolated from Ganoderma has shown to be mitogenic toward mouse spleno-
cytes in vitro and immune-modulating in vivo by reducing antigen-induced
antibody formation and by completely preventing the incidence of autoimmune
diabetes in non-obese diabetic mice (Zhou et al.,, 2007 ). Immune-modula-
ting activities of phytochemicals (Ganopoly) from G. lucidum affect the body’s
immune system through the following pathways: (1) By activating macro-
phage, Ganopoly facilitates theT-lymphocytes transferring to cytotoxic T cells,
enhances the number and activity of the B-lymphocytes and the natural killer
cells. (2) Ganopoly can activate the reticuloendothelial system and the comple-
ment system; induce the various immune factors, such as INF, TNF and so on.
(3) It may have influence on the “Nerve Endocrine Immune System.” (4)
Ganopoly can facilitate RNA, DNA and protein synthesis in cells, and enhance
the contents of the cGMP and cAMP in cells as well (Habijani et al,
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2001). Apart from the previously mentioned pharmacological functions, people
in China use Ganoderma in the treatment of fatigue, coughing, asthma, in-
somnia, indigestion, hypertension, high cholesterol and neurosis; it could also
reduce the side effects and pain during chemotherapy and radiotherapy for
cancer patients (Zhou et al., 2007).

In recent years, usage of natural substances, such as herbs and medicinal
mushrooms, has significantly increased. Beer, as a fully natural product con-
taining numerous health promoting ingredients, can serve as a very good basis
for developing a wide variety of products with specific pharmacodynamic
activity. The purpose of this study was to evaluate the potential effects of Ga-
noderma lucidum extract for the production of beer for special health use.

MATERIAL AND METHODS
Raw materials

Room temperature extraction of ethanol-soluble bioactive compounds from
dried mushroom Ganoderma lucidum

Tissue of mushroom Ganoderma lucidum was cut into pieces and mixed
with alcoholic solution 70% vol. of ethanol. Extraction was performed by
daily mixing at a magnetic stirrer for 10 minutes and then leaving the solution
to stand in a dry and dark place at room temperature. Period of the extraction
was 21 days. After the extraction, the solution was filtered and concentrated in
vacuum to 1/5 of the initial content.

The prepared extract was added aseptically to commercially produced
bottled pills, taking into account the recommended daily doses and sensory
acceptability. After injection the bottles were immediately closed and matura-
ted at 5°C for one day.

Analysis

Ganoderma extract, starting beer, and beers enriched with extract were
analyzed by LC/MS and 'H-NMR methods. LC/MS analysis was performed on
an Agilent MSD TOF coupled to an Agilent 1200 series HPLC, using Zorbax
Eclipse XDB-C18 column (RR, 30 x 2.1 mm i.d., 3.5 mm). Mobile A phase
was 0.2 % formic acid in water, and mobile phase B was acetonitrile. The
injection volume was 5 ul, and elution was performed at 0.7 ml/min with gra-
dient program (0—1.5 min 5% B, 1.5—10 min 5—95% B, 10—15 min
95%B, 15—16 min). Mass spectra were acquired using an Agilent ESI-MSD
TOF. Capillary voltage 4000 V, Fragmentor voltage 140 V, Nebulizer pressure
45 psig, drying gas 12 1/min, gas temperature 350°C, mass range (100—1500)
m/z; negative and positive ionization mode. The processing of data was done
with the software Molecular Feature Extractor.

The 'H-NMR (200 MHz) spectra were recorded on a Varian Gemini 2000
spectrometer in CDCI,. Chemical shifts are given on the & scale relative to
TMS as internal standard.
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Sensorial evaluation

The consumers’ acceptance test was carried out by 100 untrained con-
sumers with the following average profile: 95% were 20—25 years of age,
29.5% of female gender, 72.4% with the consumption frequency of one or
more beers per week, and 27.6% were beer non-drinkers. The beer samples
were evaluated using a 5 point scale. Consumers did not have any formal
training or experience in the description of beer flavour. An average value of
each sensorial attribute and given consumers profile was calculated and ex-
pressed as “radial” diagrams.

RESULTS AND DISCUSSION

Relative contents of active constituents in Ganoderma lucidum extract are
shown in Table 1.

Tab. 1 — Relative content of constituents of Ganoderma lucidum extract

Constituents RT/MS Bruto molecular formulae RRI*
Ganoderic acid E, d 4.575 C37H3602, C30H4007 512.2
Ganoderic acid C 6 4.595 C30H40g4 530.2
Ganoderic acid G 4.721 C30H440g 5323
Ganoderic acid B, A 4.821 C5oHy407 516.3
Ganoderic acid C 2, C 4.951 C30Hy607 518.3
Ganoderic acid C, D, J 5.209 C30H4,07 514.2
Ganoderic acid B, A 5.521 C30H4407 516.3
Ganoderic acid H 5.549 C3,Hy409 572.2
Ganoderic acid E,d 6.004 C5oH4007 512.2
Ganoderic acid F 6.163 C3,Hy4p09 570.2
Ganoderic acid C, D, J 6.180 C30H407 514.2
Ganodermanontriol, lucidumol A 7.389 C30Hy504 472.3

* RRI-relative retention index

The presence of ganoderic acids A, B and Y was identified in the investi-
gating extract. The isolated terpenoids have biological effect on cholesterol
synthesis in human hepatic cell line in vitro. Ganoderic acids A and B inhibit
hypoglycemic effects in several test systems and ameliorate the symptoms of
diabetes. Ganoderic acids A and C inhibit farnesyl protein transferase, which
catalyzes posttranslational farnesylation of Ras oncoprotein and is essential for
the cell-transforming activity of Ras. Isolated ganoderic acids F contribute to
atherosclerosis protection by the inhibition of angiotensin converting enzyme
or platelet aggregation. Ganoderiol F, lucidimol A and ganodermanontriol
identified from the extract have cytotoxic effect on LLC and Meth-A cancer
cells. Ganodermanontriol founded in the extract inhibit HIV-1 protease (Zhou
et al., 2007).This means that the usage of Ganoderma lucidum extract could
potentially have positive effect on individuals with poor health.

The results of the sensory acceptance test of the samples compared with
the starting beer are given in Figures 1 to 4.
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Fig. 1 — Sensory evaluation of standard Fig. 2 — Sensory evaluation of standard
beer samples and beer with Ganoderma beer samples and beer with Ganoderma
by male beer drinkers by male beer abstinents

The consumers’ acceptance test of male beer drinkers has shown that beer
enriched with Ganoderma extract is absolutely compatible with standard beer.
It is shown that in all analyzed parameters the enriched beer was even su-
perior. The consumers have pointed out that fullness and bitterness were en-
hanced and enjoyable (Figure 1). The beer abstinents had almost similar opi-
nions as the beer consumers, and the only exception was the freshness which
was ranked as that of the standard beer (Figure 2). Both male beer drinkers
and the abstinents have agreed that the obtained beer had full taste and plea-
sant bitterness. They have emphasized that bitterness was enhanced and the
beer was strong.

Aroma

Likeliness Likeliness

Overallimpresion Overallimpresion

A\

Liveliness Bitterness Liveliness Bitterness
—Standard beer = = Beer with Ganoderma = Standardbeer = = Beer with Ganoderma
Fig. 3 — Sensory evaluation of standard Fig. 4 — Sensory evaluation of standard
beer samples and beer with Ganoderma beer samples and beer with Ganoderma
by female beer drinkers by female beer abstinents

On the other hand, female beer consumers evaluated the starting standard
beer with slightly higher grades than mail drinkers, and found no big diffe-
rence between the standard beer and beer enriched with Ganoderma (Figure
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3). According to their opinion, the beer with Ganoderma was almost similar to
the standard beer with slightly enhanced fullness and overall impression. As it
could be expected, the female beer abstinents graded the starting standard beer
a bit worse than the beer drinkers, but also gave priority to the enriched beer.
The only flaw they found was related to aroma, which was considered as
rather poor (Figure 4). There was immense difference between male and fe-
male testers. Both male beer consumers and the abstinents prefered full taste
and strong bitterness, while female consumers normally preferred beer with
lighter taste and aroma.

CONCLUSION

The beer supplemented with Ganoderma lucidum extract as a natural
source of nutritional supplements is very pleasant and even acceptable to beer
abstinents. Male beer drinkers and abstinents conciliate in that the obtained
beer is even superior in comparison to the starting standard beer in all tested
sensory parameters. The obtained results indicate that standard beer can be
successfully enriched with Ganoderma extracts as a source of natural nutri-
tional supplements. Developed beer is superior not only in pharmacodynamic
properties, but also in sensorial impression. Considering the above mentioned,
it is obvious that the combination of beer and medicinal mushrooms and her-
bal extracts in recommended daily doses can give products with satisfactory
sensorial properties. Numerous experiments showed different possibilities of
using extracts derived from Ganoderma lucidum mushroom in various disease
treatments, by improving immune system function which results in better ge-
neral condition of organism. Such special beer base products should have pre-
dictable pharmacodynamic properties and can potentially be recognised as ,,tra-
ditional herbal medicinal products”. Their base is beer, fully natural product
with tradition longer than 6000 years, with evident positive effect on the over-
all health condition and with the presence of alcohol as the only limiting fac-
tor. By eliminating alcohol, using alcohol-free beer as a base product and/or
implying to adequate ,,suggested use”, this problem may be avoided.
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MEINLWHCKA I'"bUBA GANODERMA LUCIDUM Y TTPOU3BOJHU
CIHELIUJAITHUX TMMWBA

HWna U. Jleckomek-Yykanosuh, Cama M. JlecmoroBuh,
Buktop A. Henosuh, Muomup I1. Hukiuh

IMossonipuBpentu dakyarer, MHCTUTYT 3a npexpaMOeHy TEXHOJIOTUjy U OUOXEeMU]y,
Vuusepsurer y Beorpany, Hemamuna 6, Beorpan, Cp6uja

Pesnume

I''euBe monyt Ganoderma lucidum xopuinheHe cy Xwbagama TOAWMHA Yy Tpamv-
LIMOHATHOj HapoaHoj MeauuuHu Janekor uctoka. CBojy Beauky mnomnyiaapHocT Gano-
derma je cTekja Kao jecTWBa TJbMBa Ca BMCOKOM HYTPUTHBHOM BpemHoOIINy, ajau join
BUILIE KAao MeIMIMHCKAa T/buBa. KopuirheHa je 3a jieuerbe pasHux Oojiectu, usmely
OCTAJIMX M XeIaTUTHCa, XUMEPTeH3UWje, MHCOMHUje, Ma M KapluuHOMa. YTMpaBo 300T
CBOT M3BaHPEIHOT NejoBathba Ha3uBaHa je ,,Enukcup »kuBota”, ,,XpaHa 6orosa”, ,,IJbu-
Ba yHUBep3yma”. FbeHn MHTpanenyIapHu M eKcTpaleyJapHu noiucaxapunn (B-ry-
KaHM) JOKa3aHO MHXUOMPAjy pacT HEKOJMKO BpCTa KapLUMHOMA, a TPUTEPIIEHU KOje
MPOJyKYyje, MOCeOHO TaHOAEPUHCKA KUCEMHA, MOKa3yjy HMTOTOKCMYHOCT Ha MpuUMap-
He TyMopHe henuje jeTpe, MHXMOMIMjy ociobahama XUCTaMMHA, XeNaTOIPOTEKTUBHU
edekar, ctumynanujy GyHKIMje MMYHOI CHCTeMa, MHXUOMIIMjy arperanuje KpBHUX
mwiouniia uta. Ca gpyre cTpaHe, IIMBO Kao IOTIIYHO IpUpomHO Imhe moOujeHo dep-
MEHTAIMjOM, CaIp>KXM MHOIOOpOjHE cacTOjKe O 3Hayaja 3a OpraHu3aM U y YMEpPeHOj
KOJJMYMHU TIOKa3yje TOBOJbHO AeJOBarbe Ha OINIITE 3IPaBCTBEHO CTarbe OpraHu3Ma.
Kao TakBo, mMBO je BeoMma Jo0pa Mojyiora 3a pa3Boj HU3a HOBMX MpPoM3BoJa AepUHU-
caHor (papMaKOIMHAMMWYKOT JIeJOBarba.

¥V pany je ucnurana moryhHocT kopunihemwa ekctpakata ribuBe Ganoderma luci-
dum y IpOU3BO/IbYM CIELUjATHUX TMBa. JaTh cy cacTaB IJbUBE, CBOjCTBA HAjBAKHUjUX
aKTUBHUX CacTojaKa, TOCTYITIM SKCTPaKIMje M CEH30pHEe KapaKTepUCTUKE MHUBa ITOOM-
jeHux Ha 0a3y JaTUX eKcTpakaTa. McmuTaHM Cy HajBaXKHUjU MapaMeTpU KBajauTeTa U
MoryhHOCT KopuroBamwa YIoTpeOOM eKcTpakaTa pa3MyUTOr JIEKOBUTOT OMIba.
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MAGNETICALLY ALTERED ETHANOL FERMENTATION
CAPACITY OF SACCHAROMYCES CEREVISIAE

ABSTRACT: We studied the effect of static magnetic fields on ethanol production by
yeast Saccharomyces cerevisiae 424A (LNH-ST) using sugar cane molasses during the fer-
mentation in an enclosed bioreactor. Two static NdFeB magnets were attached to a cylindri-
cal tube reactor with their opposite poles (north to south), creating 150 mT magnetic field
inside the reactor. Comparable differences emerged between the results of these two experi-
mental conditions. We found ethanol productivity to be 15% higher in the samples exposed
to 150 mT magnetic field.

KEYWORDS: ethanol production, magnetic fields, Saccharomyces cerevisiae

INTRODUCTION

Process of fermentation of sugar into ethanol is one of the earliest biolo-
gical reactions empirically undertaken by man. The significance of this process
is even greater today than it has ever been, since humanity is constantly re-
aching for innovative uses of its major product, not only as the agent respon-
sible for the rising of bread dough, or basis of alcohol industry, but also as su-
stainable biological fuel (Pimentel and Patzek, 2005). However, yeasts’
ability to produce ethanol is regulated and constrained by their inability to sur-
vive high concentrations of this alcohol due to its toxic effects (Lau and
Dale, 2008). Even the most tolerant yeast strains can not survive ethanol
concentrations above 15% (Morais et al., 1996.). Therefore, during the last
few decades, the subject of extensive investigations has been creating the yeast
strains which are able to survive higher concentrations of ethanol, but which
maintain their fermentative abilities. Some of those experiments involved ge-
netic manipulations, even though the use of modified strains was abandoned
since scientists had recognized possible collateral damage caused by unex-
pected effects on yeasts’ metabolism, in case of accidental release into the en-
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vironment. After failing to solve this problem by means and methods available
to molecular biology, some efforts were employed in finding the solution at
the level of quantum biology, utilizing electro-magnetic and static magnetic
fields M anoliu et al.,, 2005). Susceptibility of various microorganisms to
electric and magnetic fields was thoroughly studied both in vivo and in vitro
conditions (Galonja and Coghill, 1999).

MATERIAL AND METHODS

Saccharomyces cerevisiae culture was purchased from Albright labora-
tory, Abergavenny, and prepared for the fermentation. Normally, 1% toluene,
4% ethanol and 0.075% triton X-100 are added for the purpose of permeabili-
zation of the cells. To avoid these permeabilizing supplements, we substituted
them with 150 mT magnetic field which was capable of removing positively
charged calcium ions and loosening membrane architecture. Subsequently,
extra calcium enters the cell from the environment and stimulates cell meta-
bolism. ATP, NAD*, magnesium and inorga-
nic phosphate were added in order to initiate
the ethanol fermentation. The initial sugar con-
centration was 200 g/l. The pH of the culture
medium was kept between 5 and 6.

Fermentation system consisted of one fer-
mentation vessel (7.5 litre BioFlo III fermen-
tor, New Brunswick, Figure 1) containing free
cell yeast culture and fermentation medium,
two permanent magnets attached to the reactor
diametrically opposed, temperature probes and
pH sensors. We opted for BioFlo III rather
than BioFloo 310, because of greater feasibility
in attaching the static magnets of our choice.

We monitored biomass growth of yeast cul-
ture by means of optical density correlated to
dry cell mass, during sixteen hours of expo-
sure in the reactor. Levels of sugar remained,

Fig. 1 — BioFlo III fermentor, .
New Brunswick, with pH and and the concentrations of ethanol produced were
temperature probes measured every four hours.
RESULTS

At the end of a 16 hour experimental period, cell density and ethanol
concentration values in magnetically treated samples and samples that were not
exposed to 150 mT magnetic field showed significant differences.

Fermentation aided by static magnetic fields resulted in cell density of
about 5.5 g/l with maximum ethanol concentration of 44 g/l. Average pro-
ductivity was 2.75 g/l per hour, with 71.1 % of utilization of sugars. It was
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not a linear process, however. Initial state being zero, suggests that ethanol
production sped up four hours after the fermentation process started. At that
checkpoint time, it was 6 g/l. The measurement taken after eight hours showed
massive increase in ethanol production (19 g/l). After twelve hours of fermen-
tation, we measured 39 g/l of ethanol in the fermentation medium (Chart 1).
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Chart 1 — Changes in cell density and ethanol concentration in magnetically
treated samples (MT) and not treated samples (NT), during 16 hours of fermentation

Final cell densities in non-exposed samples were about 3.3 g/l. Ethanol
production was not a strictly linear process, measuring 5, 12, 20 and 23 g/l after
four, eight, twelve and sixteen hours of fermentation, respectively (Chart 1).

CONCLUSION

Magnetic fields do not only posses the capability of permeabilizing the
cells and increasing their metabolic levels, but seem to neutralize bio-feedback
mechanism of ethanol saturation, which normally leads to stopping the fermen-
tation process. Some experiments suggest that yeast cells immobilized on
Ca-alginate beads retain their ability to produce ethanol during four days (Pe -
rez et al., 2007). Although these results are encouraging, more investigation
needs to be done into the optimum magnetic and/or electro-magnetic fields,
comparison between free cell media and immobilized media performances, as
well as many other parameters that come into focus as new results emerge.
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MATHETCKU U3MEHEHA ETAHOJ-OEPMEHTALMOHA CITIOCOBHOCT
SACCHAROMYCES CEREVISIAE

Tamapa Tamoma-Corghill,!: 2 Jbusbana M. KoctammHosuh,! Henan LI. Bojat!

I @akynrer 3a 6uocdapmunr, bauka Tomosa, Mapmana Tuta 39
2 Coghill Research Laboratories, Gwent NP4 SMF, UK

Pesume

AnkoxosiHy (epmeHTanujy 1ehepa n0 eTaHoja YOBEK KOPUCTU €MITMPH]CKU OJf
CBOjUX HajpaHUjUX AaHa. 3Hayaj OBOT Ipolleca JaHac je jomr Behu, ¢ 003MpoOM Ha U3-
HaJla)Kehe HOBUX YMOTPEeOHMX MOTryRHOCTM €TaHoJa, KOju Yy cUcTeMy 0asupaHOM Ha
ONP>KMBOM Pa3BOjy MMa BEJIMKY IIEPCIIEKTUBY Kao Ouoomko ropuBo (Pimentel u
Patzek, 2005). OrpanuuaBajyhn MexaHu3am ITOBpaTHE CIIpere y OBOM IIpOLIECy je
HECITOCOOHOCT KBacala Jia ce ofpxKe Yy MeAMjyMy KOjU CalpKu BHCOKE KOHIICHTpallMje
etaHosia. HakoH mokyliaja na ce MeTogamMa reHeTUUKOT MHKeHepcTBa npesasul)e oBaj
mpo0JjieM, pelIere 01 MOIJIa MOHYIUTU KBaHTHA OMOJIOTHja, YIIOTPeOOM €JIeKTPO-Mar-
HETCKUX WM CTaTUYHMUX MarHeTckux moska (Manoliu et al., 2005, Perez et al.,
2007). OBa nospa noBehasajy nepmeabuiaHocT henuja KBacalla 1 UHTEH3MBUPAjy MeTa-
Oosmuke mpoiiece, MpuToM NoBehaBajyhu ToJepaHTHOCT KBacalla MpeMa BUIIMM KOH-
LIeHTpaljaMa eTaHoja. MU CMO KOPUCTWJIM CTaTMYHa MarHeTcka mojba 150 mT y
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depmenrtanmonom cuctemy BioFlo III fermentor, New Brunswick. {obujeHu pe3syiTa-
TU yKa3dyjy Ha 3HavajHO ToBeharbe (hepMeHTaTMBHE MPOAYKTUBHOCTU KBacalla, Kao 1
Ha noBehawe HUXOBE TOJIEPAHTHOCTU MpeMa BUIIMM KOHIIEHTpalMjamMa etaHosa. Ha-
KOH IIECHAeCToYacoBHe (hepMeHTaluje, MpU Kojoj je kKopuirtheH ciaoOomaHohenujcku
pacTBOp KBaclla Saccharomyces cerevisiae, KyAType Koje Cy OWJe U3JI0KeHe MarHeT-
ckoM nosby 150 mT npoaykoBasie cy ykynHo 44 g/l eranona. [IpoayKkTUBHOCT KyaTypa
KOje HMCY OWJie eKCIIOHMpaHe OBMM IIO/bMMa OWJia jé MHOrO Mama M M3HOCHUJIA je
ykynHo 23 g/l etaHona.
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