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MYCOTOXINS IN POULTRY PRODUCTION

ABSTRACT: All poultry is sensitive to mycotoxins. This partly depends on the type,
age and production categories of poultry, their living conditions and nutritive status and
partly on the type, quantity and duration of mycotoxin ingestion. The presence of myco-
toxins results in significant health disorders and a decrease in production performances.
This leads to considerable economic loss for the poultry industry — either direct losses, i.e.
death of the poultry or the indirect ones, i.e. the decrease in body mass, number and quality
of eggs, greater food conversion, and immunosuppression. Immunosuppression results in in-
creased sensitivity to infective agents and a bad vaccinal response. Morevover, mycotoxin
residues in poultry meat, eggs and products derived from them pose a threat to human
health.

In order to prevent and reduce the negative implications of mycotoxins in the poultry
production, it is necessary to create both global and national strategies for combatting
mycotoxins, advance diagnostic techniques and procedures, intensify the control of food
quality, introduce new limits on the maximum amount of mycotoxins allowed in food and
poultry feed used for certain species and categories of animals, and synchronise it with the
European standards.

KEY WORDS: immune response, mycotoxins, mycotoxicoses, poultry, production re-
sults

INTRODUCTION

Safe food is an imperative in food production worldwide. Poultry meat,
eggs, and products derived from them are crucial in the safe food chain. As far
as safety is concerned, special attention is directed towards possible contami-
nation of food and poultry feed with fungi and to the risk of mycotoxin conta-
mination.

There are numerous mycotoxins in the food chain that cause unwanted
biological effects inside human and animal organisms upon ingestion (B r y -
d e n, 2007). High level of mycotoxins in food and feed results in the appea-
rance of acute mycotoxicoses and high mortality rate. Lower levels cause the
occurrence of chronic mycotoxicoses with or without manifested clinical symp-
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toms, but followed by a considerable decrease in production performance, im-
munosuppressive effects, and the occurrence of residues in poultry meat and
eggs (S i n o v e c, 2006).

Due to the fact that mycotoxins have largely distinct structures, metabo-
lisms, and consequently the level of toxicity, it is impossible to formulate a
general attitude towards both the changes they cause in the organism and their
influence on the poultry production parameters. This is why mycotoxins (ochra-
toxin, trichothecenes, aflatoxin, etc.) which are most frequently detected as
food and poultry feed contaminants, will be discussed separately. Toxicity of
mycotoxins primarily depends on the species of mycotoxins, quantity and du-
ration of ingestion, type, sex and age of the animal, general health and im-
mune status, as well as environmental factors (zoohygenic and zootechnolo-
gical normatives) and nutritive status (B i n d e r, 2007). Since fungi frequently
produce more than one mycotoxin, the animal simultaneously takes in more
mycotoxins through ingestion. So far, any discussions about the interaction
between two or more mycotoxins inside an organism, have most frequently
been related to either their negative effects, or the way they can cause some
other effects that have neither been fully explained, nor confirmed yet.

OCHRATOXIN

Ochratoxin is a relatively frequent cause of decrease in production results
in poultry industry, whereas the degree of decrease depends on dosage and du-
ration.

After resorption, the largest quantity of ochratoxin can be found inside
kidneys and liver, and to a considerably smaller extent in the musculature. In-
side the liver, ochratoxin A is hydrolysed to OT� and L-phenylalanine, and
only an insignificant part of it to dp 4-hydroxy-OTA, whereby the newly for-
med metabolites are less toxic.

It is characteristic of poultry to possess a capacity for more efficient and
faster excretion of this toxin than other animals, thus whithin 48 hours apro-
ximately 90% of the ingested OTA is secreted and the semi-life of ochratoxin
A in the serum is approximately 4 hours (G a l t i e r et al., 1981). It is consi-
dered that the toxic effect of ochratoxin A is based on numerous direct and se-
veral indirect effects. Primary effects are most probably connected with the in-
fluence of OTA on enzymes participating in the phenylalanine metabolism
(phenylalanine-transferase, phenylalanine-hydroxylase, phenylalanine-lipopero-
xide) and the functions of mitochondries.

Secondary mechanism of the toxic effect is based on increased lipid
peroxidation in liver and kydney microsomes (F u c h s, 1988). Ochratoxin A
stimulates NADPH-dependent microsomal and ascorbate-dependent lipid pero-
xidation with iron as an essential cofactor, i.e. it stimulates lipid peroxidation
by complexing with iron and facilitates its reduction in this manner. The for-
med complex of OTA and iron produces highly toxic hydroxyl radicals in the
presence of NADPH cytochrome of the P-450 reductase system.
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The third mechanism of OTA's toxic effect is based on the inhibition of
respiration in mitochondries (U r a g u c h i and Y a m a z a k i, 1978), where it
acts as a competitive inhibitor of the carrier's proteins, localised on the inner
membrane of mitochondries. Furthermore, it is considered that OTA repre-
sents a potent teratogenic agent for chickens, but not for other domestic ani-
mals (S i n g h and H o o d, 1985).

Ochratoxin A also manifests immunomodulator effects (M u l l e r at al.,
1999; D w i v e d i and B u r n s, 1984). Reduction in the number of lymphoid
cells was observed after OTA ingestion, especially in the thymus, bursa Fa-
bricii and spleen of poultry. This indicates a potential suppression of cell-me-
diated immunity. The inhibitive effects are especially prominent in the number
of T and B lymphocites, which confirms that OTA possesses immunosuppres-
sive characteristics. Reduction in serum immunoglobulin and fagocyte capacity
of leucocytes and neutrophyl (D w i v e d i and B u r n s, 1984) also occur,
resulting, naturally, in reduced resistance to viral, bacterial, and parasitic in-
fections.

The unspecific clinical image of chronic ochratoxicosis in poultry is
followed by a decrease in egg production of laying hens and parent flocks,
whereas, as far as broilers are concerned, their growth is hindered and conver-
sion of food is weakened. The egg shell often becomes thin and fragile, with
different discoloration appearing on the surface.

Growth inhibition is connected with malabsorption syndrome, as confir-
med by the presence of hypocarotenoidemia. The minimum amount of ochra-
toxin leading to reduced growth also causes reduced bone firmness and poor
pigmentation, whilst for the reduced bone diametar larger quantities of ochra-
toxin are necessary (D u f f at al., 1987).

Nephropathies need not be clinically manifested, although polydepsia ac-
companied by a substantial amount of moist excrement most frequently ap-
pears. Changes inside the kidneys are followed by the occurrence of glomerulo-
nephritis with increased glomerules and dilated capillaries, with a decrease in
the relative mass of kidneys. A decrease in the concentration of proteins,
triglycerides, cholesterol, calcium, neorphanic phosphorus and potassium is
followed by an increase in the level of uric acid and creatinine and a decrease
in glomerular filtration (N e d e l j k o v i ã at al., 1999).

Turkey is somewhat more resistant to ochratoxin effects, but dosage and
time-dependent effects can also be detected in them.

TRICHOTHECENES DEOXYNIVALENOL (DON), T-2 TOXINS,
DIACETOXYSCIPRENOL (DAS) AND HT-2 TOXIN

Trichothecene poisoning in poultry manifests acutely or chronically. The
acute form, unlike other mycotoxins, has a characteristic clinical picture and
is easily diagnosed. However, the chronic form manifests unspecific clinical
symptoms.

Upon peroral ingestion, T-2 toxin is very rapidly resorbed in the lower
parts of the digestive tract (before jejunum), and only one hour after the inge-
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stion it reaches maximum concentration in the blood (U r a g u c h i and Y a -
m a z a k i, 1978).

After this phase, a slower ensues one during which T-2 toxin and the for-
med metabolites are distributed to certain tissues. In comparison with trichothe-
cenes, T-2 toxin is resorbed more rapidly. Resorption is performed by means
of active transport, during which T-2 toxin is rapidly transported to ribosomes
through the cell membrane of enterocytes.

After 3-4 hours, the biggest portion of T-2 toxin and its metabolites can
be found in the majority of organs, whereas it takes then approximately 12
hours to reach the muscles, skin, and gall. After 24 hours, the largest portion
of T-2 toxin is inside the excretion organs — the gall-bladder (gall), liver,
kidneys, and intestines. In the liver, toxin T-2 is rapidly transformed into diffe-
rent metabolites (B a u e r, 1995), less toxic than the mother compound, and it
is eliminated from the organism without accumulation.

The mechanism of T-2 toxin's agency has not yet been sufficiently
explained. To become biolologically active, T-2 toxin does not demand bio-
transformation upon entering the organism. Primarily, T-2 toxin inhibits DNA
replication (U e n o, 1983), whilst the degree of inhibition depends on the
amount of mycotoxin and sensitivity of the species.

DNA synthesis is secondarily inhibited by disorders of protein synthesis,
but certain disorders in cellular organisation can, under the influence of T-2
toxin, affect the synthesis of nucleic acids. Changes caused by T-2 toxin in
DNA are of reversible nature. Nevertheless, it is considered that T-2 toxin,
when its action is prolonged, can induce mutagenic, teratogenic, and carcino-
genic effects (K r i v o b o k et al., 1987).

The inhibition of protein synthesis is observed in various tissues and it is
characterised by either polysomic alterations and desegregation, or the induc-
tion of structural changes in chromosomes. Mycotoxins can cause both of
these effects either simultaneously or successively. Numerous trichothecenes
inhibit synthesis of proteins by blocking the elongation of the polypeptide
chain, at the position of peptidyl-transferase on the 60S ribosomal subunit.

Accute intoxication of poultry with trichothecenes occurs as digestive and
nervous system disorders, with hyperpnea accompanied by lethargy and loss of
balance. Basic changes can be manifested as haemorrhages in the digestive
tract and muscles. Local epithelial-necrotic effects in the form of stomatite,
necrosis, and ulceration inside the mouth are very prominent (S i n o v e c et
al., 2006).

One of the primary effects of T-2 toxin in poultry are weakened immu-
nity and resistence of the organism. T-2 toxicosis is characterised by the decay
of lymphoid cells inside the thymus, spleen, and bone marrow, which inhibits
the cellular immune response. T-2 toxin has a distinctly negative effect on the
immune system, which manifests itself as reduced resistence of poultry to in-
fective deseases, especially to salmonelosis and E. coli infections (B o o n -
c h u v i t et al., 1975). The toxic effect also manifests itself as reduced proli-
feration of limphocites stimulated by phytohaemagglutin and lipopolysaccha-
ride (R a f a i et al., 2000). Furthermore, T-2 toxin hinders the protective func-
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tion of intestinal mucosis, which enables the penetration of bacteria and occur-
rence of secondary infections.

AFLATOXIN

Aflatoxin is the most studied mycotoxin, due to both its toxicity to ani-
mals and people and its rather high carcinogenic potential. Poultry is consi-
derably resistant to aflatoxin, due to which the acute intoxication is relatively
rare. Chronic intoxication with aflatoxin demands ingestion of aflatoxin for se-
veral weeks (one week minimum). The clinical picture is the consequence of
the mechanism of aflatoxin effects in the organisms of poultry.

The toxic effect of aflatoxin manifests itself on the level of interaction
with genetic material. The aflatoxin molecule penetrates the cell and the nu-
cleus, subsequently placing itself between the base pairs of DNA. The inserted
aflatoxin molecules decelerate to a great extent the process of DNA informa-
tion transfer. Mistakes in DNA transcription are very frequent (R e s a n o v i ã,
2002), which result in the inhibition of protein synthesis, i.e. “wrong" proteins
are synthesised. The immunosuppressive effect of aflatoxin has been proved,
although the mechanism has not yet been fully explained. Negative effects of
aflatoxin on complement, interferon, and serum proteins are probably the re-
sult of liver damages and the inhibition of protein synthesis. Aflatoxin per-
forms suppression of nonspecific substances (complement and interferon) in
charge of humoral immunity, as well as the suppression of fagocites through
macrofagus.

Apart from this, aflatoxin also causes aplasia of the thymus, spleen, and
bursa Fabricii in chicken, whereas larger quantities (0,6—10,0 ppm) cause the
suppression of class G and A immunoglobulins during immunisation (K a r a -
m a n et al., 2005). It is interesting that doses of aflatoxin which do not affect
the level of antibodies after vaccination have a strong effect on the cell-me-
diated immune response, which is manifested as a decrease in the total number
of lymphocites and T effector cells, as well as a decrease in fagocite activity
of monocytes (G h o s h et al., 1991).

Acute aflatoxin poisoning leads to impaired coordination of movement,
vertigo, and paresis, followed by diarrhea with admixtures of blood, haemorr-
hages, tumescences, jaundice, coma, and death.

The clinical picture of chronic aflatoxicosis in poultry is dominated by a
considerable decrease in body mass, reduced food consumption, bad conver-
sion, decrease in egg-laying ability, reduced percentage of hatching, as well as
disbalanced immunogenosis and exitus. Disruptions in blood coagulation occur
and the prothrombic period is considerably elongated. Due to this occurrence,
heamorrhages appear on the musculature, which in turn decreases the usability
of such torsos. Poultry exposed to aflatoxins is pallid (its cockscombs, wattles,
and legs), as a consequence of poor pigmentation, which is the result of redu-
ced ingestion, resorption, and transport of carotenoid due to the presence of
aflatoxin.
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The disorder in metabolism of group B vitamins and amino acids mani-
fests itself as a decrease of their concentration in the plasma, liver, and gall. In
addition to this, aflatoxin affects bone mineralization by impairing the re-
sorption of calcium and phosphorus inside kidneys, which leads to the meta-
bolic vitamin D3 deficiency.

Steatorrhea is one of the cruicial symptoms of aflatoxicosis, caused by
decreased concetration of gall, which leads to an increase in unabsorbed lipid
content in the cecum. Thus in the case of chronic aflatoxicosis of poultry, food
conversion is significantly increased.

ZEARALENON

Poultry is very resistent to zearalenon. Of all species of poultry, turkey is
the most sensitive to the effects of zearalenon, which can cause a decrease in
their egg-laying ability even up to 20% (A l l e n et al., 1983). The immuno-
suppressive effects of zearalenon in poultry have not been proved so far.

CYCLOPIAZONIC ACID

Cyclopiazonic acid is not a common contaminator of food and poultry
feed. However, when detected, cyclopiazonic acid can, depending on the
quantity and duration of ingestion, cause a very dramatic clinical picture of the
central nervous system disorder — manifesting itself as ataxia, paresis, paraly-
sis, and opisthotonus. Prominent cumulative toxicity of cyclopiazonic acid can
be observed.

A decrease in the weight of bursa Fabricii followed by an incerease in the
weight of liver, kidneys, and forestomach can also be detected. The decrease
in the weight of bursa Fabricii leads to a weakened immune response after
vaccination.

FINAL OBSERVATIONS

Mycotoxins have a very strong influence both on animal and human
health. Total losses for the poultry industry caused by the presence of myco-
toxins in food and the changes they cause on living material are very difficult
to integrate and estimate. Numerous strategies for the prevention of harmful
effects of mycotoxins in poultry farming have been applied, but none of these
gave sufficiently good results.

In order to prevent and reduce the negative implications of mycotoxins in
the poultry production, it is necessary to create both global and national strate-
gies for combatting mycotoxins, advance diagnostic techniques and procedu-
res, intensify the control of food quality, and introduce new limits on the
maximum amount of mycotoxins allowed in food and poultry feed.
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MIKOTOKSINI U ŸIVINARSKOJ PROIZVODWI
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Todor D. Paliã,1 Vesna M. Jaãeviã3
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Autoput 3, 11070 Beograd, Srbija
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Vojno-medicinska akademija, Beograd, Srbija

Rezime

Sva ÿivina je osetqiva na mikotoksine u zavisnosti od vrste, starosne i
proizvodne kategorije, uslova ambijenta i nutritivnog statusa, sa jedne strane,
i vrste, koliåine i duÿine unošewa mikotoksina, sa druge strane. Prisustvo
mikotoksina rezultira znaåajnim poremeãajem zdravqa i padom proizvodnih
performansi, a samim tim i znaåajnim ekonomskim gubicima u ÿivinarskoj
industriji, kako direktnim, koji se oåituju uginuãem ÿivine, tako i indirekt-
nim, u vidu pada telesne mase, broja i kvaliteta jaja, veãe konverzije hrane i
imunosupresijom. Imunosupresija rezultira poveãanom osetqivošãu na infek-
tivne agense i lošim vakcinalnim odgovorom. Opasnost po qudsko zdravqe
predstavqaju rezidue mikotoksina u ÿivinskom mesu, jajima i proizvodima do-
bijenim od wih.

Da bi se predupredile i smawile negativne implikacije mikotoksina u
ÿivinarskoj proizvodwi potrebno je formirati kako globalne tako i nacio-
nalne strategije za borbu protiv mikotoksina, unaprediti dijagnostiåke tehni-
ke i procedure, pooštriti kontrolu kvaliteta hrane, uvesti nove limite za
maksimalne koliåine mikotoksina u hrani i hranivima za pojedine ÿivotiw-
ske vrste i kategorije i uskladiti ih sa evropskim standardima.
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DYNAMICS OF DEOXYNIVALENOL AND
ZEARALENONE PRODUCTION BY FUSARIUM

GRAMINEARUM UNDER LABORATORY CONDITIONS

ABSTRACT: Toxicological investigations encompassed two cultures of Fusarium
graminearum: (i) D2 isolate, originating from air was obtained on Sabouraud medium du-
ring a routine control of laboratory sterility conditions at the Department of Microbiology
of the Center for Bio-Ecology in 2006, and (ii) GZ-LES control isolate, a well known pro-
ducer of zearalenone (ZON) and deoxynivalenol (DON), was isolated from maize kernel
collected at Leskovac in 1975. Preliminary analysis of fungal potential for the production of
DON and ZON were performed by the modified rapid screening method of F i l t e n b o r g
et al. (1983). Dynamics of DON and ZON biosynthesis was tested under different condi-
tions of isolate cultivation: (i) in a basic liquid semi-synthetic medium with 2% yeast
extract and 15% sucrose, pH 6.5 (YES), (ii) in broth with same concentrations of yeast
extract and sucrose supplemented with 0.23 mg/l ZnSO4 x 5 H2O, pH 6.5 (YESZn) and (iii)
on natural solid substrates such as wet sterilized maize and rice kernels. The quantitative
determination of DON and ZON was performed in both liquid and natural solid substrates
with thin-layer chromatographic methods (TLCs).

The maximum yield of DON was recorded after three weeks of cultivation on maize
kernels at 27±1°C. Contrary to the D2 isolate, which did not show the potential for the
DON biosynthesis, the control isolate GZ-LES produced 645.6 ppb of the same type B tri-
chothecene under previously mentioned conditions. The ZON biosynthesis by the isolate D2
(1.2 ppb) was observed after 2 weeks of the stationary cultivation in YES and YESZn at
room temperature (17—19°C). The same isolate produced 0.74 ppb and 17.35 ppb ZON on
maize and rice kernels after only 7 and 28 days of cultivation at the room temperature rang-
ing from 17 to 19°C and from 15 to 23°C, respectively.

KEY WORDS: Fusarium graminearum, DON, ZON

INTRODUCTION

Fusarium graminearum, beside F. culmorum, is the main causal organism
of fusarium head blight (FHB) or scrib, a disease that leads to severe losses of
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yield and quality of cereal grain. During the development of FHB these patho-
gens commonly contaminate grain with mycotoxins deoxynivalenol (DON)
and zearalenone (ZON). These mycotoxins that can be the cause of health-
-threatening toxicoses (M a r a s a s et al., 1984), represent at least two bioche-
mical origins. ZON with the estrogenic activity in mammals is biosynthesized
through a polycetidic pathway, while 8-ketotrichothecenes DON and nivalenol
(NIV) are derived from the condensation of three mevalonate units (B l a c k -
w e l l et al., 1985).

F. graminearum isolates can be broadly divided into two chemotypes
based on the production of host specific virulence factors DON and NIV (I l -
g e n et al., 2008). According to K i m et al. (2003) small cereal grains grown
in Korea produced either DON or NIV, whereas isolates from corn grown in
the United States produced DON only. In England and Wales (J e n n i n g s et
al., 2004) DON is predominant chemotype (75% of tested F. graminearum
cultures), as well as, in Argentina where only chemotype IA (DON and
3-acetyl-DON) was observed (M o l t o et al., 1997).

There are only a few reports about simultaneous presence of DON and
ZON in Serbian crops (J a j i ã et al., 2007; B a g i et al., 2008). In order to
determine the occurrence of DON and ZON, this study was carried out with
F. graminearum isolates cultivated on different substrates under laboratory
conditions.

MATERIAL AND METHODS

Microorganisms. Two isolates of F. graminearum were under present in-
vestigation. Isolate D2, originating from air, was obtained on Sabouraud me-
dium during a routine control of laboratory sterility conditions at the Depart-
ment of Microbiology of the Center for Bio-Ecology in 2006, and control iso-
late GZ-LES, a well known producer of DON and ZON (J a j i ã et al., 2007),
was isolated from maize kernel collected at Leskovac in 1975. Stock cultures
of the fungi were maintained on the potato-sucrose agar at 4—6°C.

Preliminary analysis of fungal potential to produce deoxynivalenol (DON)
and ZONralenone (ZON) were performed according to the rapid screening
method of F i l t e n b o r g et al. (1983) modified by B o å a r o v - S t a n å i ã
et al. (in press) on the following media: YESA (2% yeast extract, 15% sucrose
and 2% agar, pH 6.5), YESAZn (2% yeast extract, 15% sucrose, 0.23 mg/l
ZnSO4 x 5 H2O, and 2% agar, pH 6.5), PPSA (2% peptone-1, 5% sucrose and
2% agar, pH 6.5), PPSAZn (2% peptone-1, 5% sucrose, 0.23 mg/l ZnSO4 x 5
H2O and 2% agar, pH 6.5) and PDA (potato-dextrose agar, pH 6.9).

Liquid media and conditions for the toxin production. The F. graminea-
rum isolate D2 and the control isolate GZ-LES were grown in the yeast
extract-sucrose broth (YES, pH 6.5) (S a m s o n and v a n R e e n e n - H o -
e k s t r a, 1988) as well as in yeast extract-sucrose medium supplemented with
0.23 mg/l ZnSO4 x 5 H2O (YESZn, pH 6.5) (M ü h l e n c o e r t, 2004). Both
media (YES and YESZn) contained 2% yeast extract and 15% sucrose. Media
(250 mL each) were poured into 500 mL Erlenmeyer flasks and were inocu-
lated with five fragments (5 x 5 mm) of the fungus, that were grown on po-
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tato-sucrose agar (PSA) in Petri dishes at 27�1°C for seven days. After inocu-
lation of the media, the Erlenmeyer flasks were kept stationary at the room
temperature (17—19°C) for 14 days. The pH value was measured after culti-
vation of the isolate. The samples for the analysis were taken every week du-
ring the cultivation period. All cultivations were performed in two replications.

Solid media and conditions for the toxin production. Both isolates of
F. graminearum were grown on wet (>45%) sterilized maize and rice kernels
(50 g per Roux bottle). Each substrate was inoculated with five fragments (5 x
5 mm) of the fungus that was grown on the potato-sucrose agar (PSA) in Petri
dishes at 27�1°C for seven days. Inoculated maize samples were cultivated
during a 4-week period under room (17—19°C) and chamber (27�1°C) condi-
tions. On other hand, during 14, 21 and 28 days the inoculated rice samples
were cultivated under room (15—23°C) and chamber conditions (27�1°C). All
cultivations were performed in two replications.

Determination of fusariotoxins. Qualitative and quantitative DON deter-
minations in filtrates of fungal cultures were carried out by applying the
thin-layer chromatographic (TLC) method developed by C v e t n i c et al.
(2005), and ZON after B o å a r o v - S t a n å i ã et al. (2003). In accordance
with these methods, liquid cultures of fungus were filtered after a stationary
cultivation. Furthermore, after the cultivation on maize and rice kernels, the
samples were dried for 24 h or more at 60°C, until constant weight was achie-
ved. After a pulverization of dried samples, the DON determination was done
according to the TLC method of P e p e l j n j a k and B a b i ã (1991), and
ZON after B a l z e r et al. (1978). Thin-layer chromatography was performed
with toluene/ethyl acetate/formic acid developing saturated solvent (5:4:1, v/v/v).
Only in case of the ZON, determination in benzene/glacial acetic acid develo-
ping solvent (90+10 v/v) was used parallely. After developing plates and air
drying in the dark fume extractor the plates were examined under long wave
UV light (366 nm). DON and ZON were visualized by the use of 20% AlCl3
in 60% ethanol. All analyses were done in three replications.

RESULTS AND DISCUSSION

Results of the present investigation are shown in Tables 1 — 4.

Tab. 1. Fusariotoxins production by F. graminearum isolates on different agar media and tempe-
ratures

Medium Aver.
temp. (°C) Days

Intensity of fusariotoxins production

D2 isolate GZ-LES control islate

DON ZEN DON ZEN

YESA

19.0
7 – + – ++

14 – + – ++
21/28 –/– +++/+++ –/– +++/+++

24.9
7 – + – +

14 – + – ++/+++
21/28 –/– ++/+++ +/+ +++/+++
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YESAZn

19.0
7 – – – +

14 – + – +++
21/28 –/– +++/+++ –/– +++/++++

24.9
7 – + – –

14 – +++ – +
21/28 n.a. n.a. +/+ +/+

PPSA

19.0
7 – – – –

14 – + – –
21/28 –/– ++/+++ –/– +++/+++

24.9
7 – – – –

14 – + – –
21/28 – +++/++++ +/+ ++/++

PPSAZn

19.0
7 – – – –

14 – ++ – –
21/28 –/– ++/++++ –/+ +++/++++

24.9
7 – – + –

14 – ++ + –
21/28 n.a. n.a. +/+ –/–

PDA

19.0
7 – – – –

14 – – – –
21/28 –/– –/– –/– –/–

24.9
7 – – – –

14 – – – –
21/28 –/– –/– –/+ –/–

Legend: n.a. — not analyzed; – not detected; + low intensity; ++ moderate intensity; +++ high
intensity; ++++ very high intensity

Screening of the fusariotoxin production under different conditions of fun-
gal cultivation in vitro (Table 1) revealed that only F. graminearum GZ-LES
had the capability to produce DON. The biosynthesis of this type B trichothe-
cene was observed in almost all cases at higher temperature (average 24.9°C).
The exception was cultivation of this isolate on PPSAZn when DON was record-
ed after prolonged cultivation (28 days) at lower temperature (average 19.0°C).
Dynamics of the DON production was as follows: early detection (after 7
days) on PPSAZn, after 21 days on PPSA, YESA, and YESAZn, and after 4
weeks on PDA.

ZON was biosynthesized on agar media by both tested isolates of F. gra-
minearum isolates (Table 1) but under different cultivation conditions. PDA
was not applicable for testing the ZON production. ZON was observed on
PPSAZn and PPSA after 2 weeks of D2 isolate cultivation, regardless of the
applied temperature, while in the case of GZ-LES isolate after 3 weeks culti-
vation at a lower temperature (average 19.0°C). After 7 days, ZON was bio-
synthesized on YESAZn by the D2 isolate at higher temperatures (average
24.9°C), and by GZ-LES at lower temperatures (average 19.0°C), respectively.
The best results were achieved on YESA where both isolates of F. graminea-
rum produced ZON after the 7-day cultivation regardless of the temperature
conditions. A prolonged cultivation of fungi resulted in higher ZON yields.
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Tab. 2 — Quantity of fusariotoxins produced by D2 isolate of F. graminearum stationary culti-
vated in liquid media

Temperature
(°C) Days Medium pH value

Toxin yield (mg/l)

DON ZON

17—19

7
YES — n.d n.d.
YESZn — n.d n.d.

14
YES 4.97 n.d 1.20
YESZn 4.73 n.d 1.50

21
YES 4.90 n.d 1.50
YESZn 4.50 n.d 1.50

28
YES 5.20 n.d 0.90
YESZn 4.60 n.d 1.20

Legend: n.d. — not detected (< 0.037 and < 0.097 mg/l of ZON and DON, respectively)

After the incubation period, a decrease of pH value was determined in
both tested liquid media (Table 2).

Investigations of the DON and ZON production in liquid media (YES
and YESZn) revealed that the control isolate GZ-LES F. graminearum did not
biosynthesize any of the tested fusariotoxins after 28 days of cultivation at
room temperature (15—23°C). The explanation for this finding is that the
applied temperature was maybe too high for the ZON production, but, on the
other hand, too low for the DON biosynthesis under stationary cultivation con-
ditions.

In the case of D2 isolate, it was not surprising that it did not produce
DON (Table 2), because it also was not a producer of the same fusariotoxin
on agar media of the same composition (Table 1). The ZON biosynthesis by
the same culture was recorded after 14 days of cultivation in both tested liquid
media (YES and YESZn) at lower room temperatures (17—19°C). The maxi-
mal yield of ZON (1.5 mg/l) was observed after 21 day cultivation in both ap-
plied liquid media (Table 2). The supplementation of the trace element Zn to
YES (0.23 mg/l ZnSO4 x 5 H2O) resulted in a more outstanding decrease of
the initial pH 6.5 to the final pH 4.6, as well as, in higher ZON yields after 14
(1.50 mg/l in comparison to 1.20 mg/l) and 28 days of cultivation (1.20 mg/l
in comparison to 0.90 mg/l).

The use of different liquid media for testing the toxin production by isola-
tes of F. graminearum is reported also by other authors (M i l l e r and G r e e n -
h a l g h, 1985; P e s t k a et al., 1985). P e s t k a et al. (1985) obtained 5.50
mg/l of DON after 20 days by the use of the glucose-yeast extract-peptone nu-
trient medium for cultivation of the strain R6576.

The results of fusariotoxin yields and dynamics of biosynthesis by isola-
tes of F. graminearum cultivated on natural solid substrates (Table 3. and 4)
show significant differences regarding the temperature conditions and the type
of substrate.
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Tab. 3. Quantity of fusariotoxins production by two isolates of F. graminearum cultivated on
maize kernels

Temperat.
(°C) Days Moisture

(%)

Toxin yield (mg/kg)

D2 isolate GZ-LES

DON ZON DON ZON

17—19

7 46.2 n.d. 0.74 0.58 n.d.
14 48.0 n.d. 0.94 1.44 0.37
21 50.0 n.d. 1.29 n.d. 0.37
28 46.8 n.d. 1.84 n.d. 0.37

27±1

7 43.0 n.d. n.a. 1.44 n.d.
14 50.6 n.a. n.a. 1.44 n.d.
21 48.4 n.a. n.a. 1.73 n.d.
28 49.8 n.a. n.a. 2.02 n.d.

Legend: n.d. — not detected (d55of ZON and DON, respectively); n.a. — not analyzed

Tab. 4. Quantity of fusariotoxins production by two isolates of F. graminearum cultivated on rice
kernels

Temperat.
(°C) Days Moisture

(%)

Toxin yield (mg/kg)

D2 isolate GZ-LES

DON ZON DON ZON

15—23 28 42.3 n.d. 17.35 n.a. n.a.

27±1
14 37.9 n.a. n.a. 302.5 n.d.
21 — n.a. n.a. 645.6 1.26
28 — n.a. n.a. 400.0 3.13

Legend: n.d. — not detected (dof ZON and DON, respectively); n.a. — not analyzed

DON production was observed only in the GZ-LES isolate, regardless of
the applied temperature and on both types of cereal substrate (Tables 3. and
4). Much higher quantity of this type B trichothecene was detected after 28
days of cultivation on rice grain at 27�1°C (400.0 mg/kg) than on maize ker-
nels (2.02 mg/kg). Biosynthesis of the maximum DON quantities on maize
kernels was detected after cultivation for two weeks at room temperature
(17—19°C), and four weeks at 27�1°C, 1.44 mg/kg and 2.02 mg/kg, res-
pectively (Table 3). On rice kernels maximal yield of DON (645.6 mg/kg) was
achieved after three weeks of cultivation at 27�1°C (Table 4). Other authors
also established that a higher incubation temperature (28°C) favored the DON
production (G r e e n h a l g h et al., 1983; L i o r e n s et al., 2004).

After 28 days of cultivation at room temperature the D2 isolate of F. gra-
minearum produced more ZON on rice grain, then on corn kernels (Tables 3.
and 4). During the cultivation on maize kernels, the yield of this estrogenic
substance succesively increased from initial 0.74 mg/kg (after 7 days) to final
1.84 mg/kg (after 28 days) (Table 3).

In contrast to the D2 isolate the GZ-LES isolate of F. graminearum
biosynthesis of ZON was detected after longer cultivation (14 days) on maize
kernels at room temperature (17—19°C) and its yield did not change during
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further cultivation; it was constantly 0.37 mg/kg. During cultivation at higher
temperature (27±1°C), isolate GZ-LES did not produce ZON at all on the
same substrate (Table 3), while on rice grains the biosynthesis of the same
mycotoxin (1.26 mg/kg) was detected after three weeks (Table 4). The ZON
yield increased during cultivation period at 27±1°C (Table 4). The highest
quantities of ZON that can be obtained at lower temperatures, such as 19.5°C
or room temperature ranging from 17 to 21°C, are indicated by other authors
too (G r e e n h a l g h et al., 1983; L o r i et. al., 1990).

CONCLUSIONS

The temperature and nutrient media affected significantly the mycotoxin
production, although the tested isolates (D2 and GZ-LES) responded diffe-
rently to the same cultivation conditions.

The best medium for screening ZON, regardless of the temperature condi-
tions, was YESA, and for DON screening it was PPSAZn and higher tempera-
tures (about 25°C).

In liquid media (YES and YESZn) at room temperature (17—19°C) only
the ZON biosynthesis occurred by F. graminearum D2 isolate.

Higher incubation temperatures (27�1°C) favored the DON production on
wet cereal kernels, while lower temperatures (17 to 21°C) favored the ZON
biosynthesis.

The isolate F. graminearum GZ-LES evidently belongs to the DON
chemotype contrary to D2, because the last one did not possess the capability
to biosynthesize DON.
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DINAMIKA PROIZVODWE DEOKSINIVALENOLA
I ZEARALENONA KOD IZOLATA FUSARIUM GRAMINEARUM

U LABORATORIJSKIM USLOVIMA

Aleksandra S. Boåarov-Stanåiã1, Jelena T. Leviã.2,
Slavica Ÿ. Stankoviã2, Mladen M. Stanišiã1, Saša O. Bilek1

1 „Bio-ekološki centar", d.o.o., Petra Drapšina 15,
23000 Zrewanin, Srbija

2 Institut za kukuruz „Zemun Poqe", Slobodana Bajiãa 1,
11185 Beograd, Srbija

Rezime

Ispitivawem su bili obuhvaãeni novoizolovana kultura F. graminearum
(D2) neispitanog toksikološkog profila i kontrolni izolat iste vrste gqive
(GZ-LES) dobro poznat proizvoðaå deoksinivalenola (DON) i zearalenona (ZON).
Preliminarne analize DON-a i ZON-a su izvršene prema modifikovanoj me-
todi F i l t e n b o r g -a i sar. (1983). Dinamika biosinteze DON-a i ZON-a je
praãena gajewem izolata gqiva u/na åetiri razliåita tipa podloge: teånoj polu-
sintetiåkoj podlozi sa 2% ekstrakta kvasca i 15% saharoze (YES pH 6,5), pod-
lozi istog sastava sa dodatkom 0,23 mg/l ZnSO4 x 5 H2O (YESZn pH 6,5) i steri-
lisanim vlaÿnim zrnima kukuruza i pirinåa.

Kvantitativno odreðivawe DON-a u kulturi izolata gqiva gajenih u teånoj
podlozi je izvršeno tankoslojnom hromatografijom prema C v e t n i ã u i sar.
(2005), a u åvrstoj podlozi primenom postupka autora P e p e q w a k a i B a -
b i ã a (1991). Potencijal za biosintezu ZON-a kod izolata gajenih u teånoj
podlozi je odreðivan postupkom tankoslojne hromatografije prema B o å a r o v -
- S t a n å i ã i sar. (2003), a izolata gajenih na åvrstoj podlozi prema B a l -
z e r u i sar. (1978).

Maksimalna koncentracija DON-a (645,6 ppb) je determinisana posle tri
nedeqe kultivacije kontrolnog izolata F. graminearum GZ-LES na zrnu kukuruza
i pri 27�1°S. Za izolat iste vrste gqive D2 je utvrðeno da ne poseduje sposob-
nost biosinteze DON-a, s obzirom da nije proizvodio ovaj trihotecen tipa B
ni u jednom od testiranih uslova kultivacije. Proizvodwa ZON-a je konstato-
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vana kod izolata D2 (1,2 ppb, odnosno 1,5 ppb) posle dve nedeqe stacionarne
kultivacije u teånim podlogama (YES i YESZn) na sobnoj temperaturi od 17 do
19°S. Na prirodnim åvrstim supstratima (zrno kukuruza i pirinåa) isti izo-
lat je biosintetisao ZON veã posle sedam dana kultivacije na zrnu kukuruza i
sobnoj temperaturi od 17 do 19°S (0,74 ppb) ili posle 28 dana kultivacije na
zrnu pirinåa i sobnoj temperaturi od 15 do 23°S (17,4 ppb).
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INVESTIGATION OF TOXIGENIC POTENTIAL
OF FUNGAL SPECIES BY THE USE OF SIMPLE

SCREENING METHOD

ABSTRACT: Potential for the biosynthesis of aflatoxin B1 (AFLB1), ochratoxin A
(OTA), diacetoxyscirpenol (DAS), T-2 toxin (T2), and zearalenone (ZON) was investigated
in different fungal species belonging to the genera: Aspergillus, Fusarium and Penicillium.
The majority of investigated isolates originated from cereal grains, crushed oil soybean seed
and fodder mixtures. The simple screening method developed by F i l t e n b o r g et al.
(1983) was applied with few modifications concerning the type of the medium and cultiva-
tion temperature. In order to optimise the biosynthetic conditions for different mycotoxins,
the following control cultures, known as mycotin producers were used: OTA — A. ochra-
ceus CBS 108.08, DAS — F. semitectum (SL-B i SL-C), T2 — F. sporotrichioides
(ITM-391, M-1-1, R-2301) and ZON — F. graminearum (GZ-LES). The fungi were culti-
vated on the standard medium (YESA — 2% yeast extract, 15% sucrose and 2% agar, pH
6.5), three modifications of the basic medium (YESAZn — the standard medium supple-
mented with 0.23 mg/l ZnSO4 x 5 H2O; PPSA — the medium in which yeast extract was
replaced with peptone-1; PPSAZn — the medium in which yeast extract was replaced with
peptone-1 and supplemented with 0.23 mg/l ZnSO4 x 5 H2O), and the potato-dextrose agar
(PDA).

The earlier biosynthesis of tested mycotoxins was recorded under the following culti-
vation conditions of fungal species: AFLB1 — after 14 days on PDA at 27�1°C, OTA —
after 10 days on YESA and YESAZn at 27�1°C, DAS — after 10 days on PPSA and
PPSAZn at 27�1°C, T2 — after 7 days on PPSAZn and PPSA at room temperature
(20—24°C), and ZON — after 1 week on YESA and YESAZn at room temperature
(21—24°C).

KEY WORDS: Aspergillus, Fusarium, Penicillium, screening, mycotoxins
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INTRODUCTION

It is strongly recommended by many authors (S a m s o n and v a n R e e -
n e n - H o e k s t r a, 1988) that dominant mycobiota of important food and
feed in every country should be identified. Correct identification of dominant
species can indicate which mycotoxin can be expected in a given food or feed
item under given environmental conditions. In order to get the accurate data
about mycotoxin profile of determined species, the simple screening method
for toxigenic fungi was developed by few authors including F i l t e n b o r g
et al. (1983).

In order to determine toxigenic profiles of fungal isolates from feed com-
ponents and fodder mixtures in Serbia the present investigation was carried
out. Considering the climatic conditions in our country, the first modification
of the screening method of F i l t e n b o r g et al. (1983) was done in accor-
dance with lower temperature for testing fusariotoxin production. Another mo-
dification of the same method was the addition of the trace element Zn in
order to investigate its impact on the mycotoxin biosynthesis under tested
laboratory conditions, and the third one was the replacement of yeast extract
with peptone-1 in nutrient medium for screening fungal toxicity.

MATERIAL AND METHODS

Test microorganisms. Potential for the biosynthesis of aflatoxin B1 (AFLB1),
ochratoxin A (OTA), diacetoxyscirpenol (DAS), T-2 toxin (T2), deoxyniva-
lenol (DON) and zearalenone (ZON) was investigated in different fungal spe-
cies belonging to the genera: Aspergillus (11), Fusarium (7) and Penicillium
(3). Most investigated isolates, determined according to S a m s o n and v a n
R e e n e n - H o e k s t r a (1988), originated from cereal grains and fodder
mixtures and were obtained during routine mycrobiological analyses in the
Center for Bio-Ecology in 2008. Stock cultures of the fungi were maintained
on the potato-dextrose agar at 4—6°C.

Control microorganisms:

— Aspergillus ochraceus CBS 108.108, the strain that produces OTA;
— F. graminearum, the isolate GZ-LES obtained in 1975 from corn ker-

nels in Leskovac, that synthesises ZON and DON (J a j i ã et al., 2007);
— Fusarium sporotrichioides isolates, known as T2 toxin producers (B o -

å a r o v - S t a n å i ã et al., 2007): ITM-391, leg. dr A. Bottalico, Consiglio
Nazionale delle Richerce, Istituto Tosssine e Micotossine da Parassiti Vegetali,
Bari, Italy; M-1-1 from soybeans, leg. dr Y. Ueno, Faculty of Pharmaceutical
Sciences, Tokyo, Japan and R-2301, leg. dr D. Latus, Germany;

— Fusarium semitectum cultures SL-B and SL-C that biosynthesise DAS,
isolated from unfaded alfalfa in 2004 (B o å a r o v - S t a n å i ã et al., 2005).

Stock cultures of the fungi were maintained on the potato-dextrose agar
at 4—6°C.

Media and conditions for screening toxin production. The fungi were
cultivated on the standard (S a m s o n and v a n R e e n e n - H o e k s t r a,
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1988) yeast extract-sucrose agar (YESA — 2% yeast extract, 15% sucrose and
2% agar, pH 6.5), with three modifications of that basic medium: (i) the yeast
extract-sucrose agar supplemented with 0.23 mg/l ZnSO4 x 5 H2O (YESAZn,
pH 6.5) (M ü c h l e n c o e r t, 2004), (ii) the medium in which the yeast
extract was replaced with peptone-1 (PPSA — 2% peptone-1, 5% sucrose and
2% agar, pH 6.5) and (iii) the medium in which yeast extract was replaced
with peptone-1 and supplemented with 0.23 mg/l ZnSO4 x 5 H2O (PPSAZn, pH
6.5), as well as on the potato-dextrose agar (PDA, pH 6.9).

In most cases, the temperature of 27�1°C was used for the fungal culti-
vation, although in the case of testing Fusarium isolates for fusariotoxins pro-
duction, the cultivations were done parallely at room temperature. The cultiva-
tion period ranged from 7 to 14 days, depending on a type of mycotoxin and
temperature conditions.

Determination of mycotoxins. Agar plugs were cut out of the colony
center with sterile metal borer (diameter 6 mm), removed from the agar plate
and placed with a sterile needle or tweezers in sterilized Petri dish with a
mycelial side up. Circular plugs were wetted with 10—20 �L of chloro-
form/methanol (2:1 v/v) and after few seconds rapidly extracted mycelial side
was gently applied against the TLC plate (MN Kieselgel G, Machery-Nagel)
with sterile tweezers (F i l t e n b o r g et al., 1983). After drying the appli-
cation spot, another one of the same colony was applied nearby together with
5 �l of the working standard of the tested mycotoxin (internal standard). The
thin-layer chromatography was performed in saturated tanks with toluene/ethyl
acetate/formic acid developing solvent (5:4:1, v/v/v) for all tested mycotoxins.
Besides this solvent, only in the case of the ZON determination, benzene/gla-
cial acetic acid developing solvent (90+10 v/v) was used. After developing
plates and air drying in dark fume extractor the plates were examined under
long wave UV light (366 nm). T2 and DAS were visualised by the use of 20%
sulphuric acid in methanol, and ZON with 20% AlCl3 in 60% ethanol. All
analyses were done in three replicates.

RESULTS AND DISCUSSION

Results of the present investigation are shown in Tables 1—4.
Aflatoxin B1 (AFLB1). The ability to produce this mycotoxin was tested

in 6 Aspergillus spp. isolates from crushed oil soybean seed and different types
of fodder. Besides 3 A. flavus isolates (Table 1), one A. clavatus (T0001C/08),
one A. fumigatus (RST-1/46), and one A. versicolor (RST-4/46) were also tested.

Tab. 1 — Production of aflatoxin B1 by Aspergillus flavus isolates

Sample
designation

Temper.
(°C) Days

Medium

PPSAZn PPSA PDA YESAZn YESA

GD-16/06 27±1 14 — — + — —
L09661/08 27±1 14 — — — — —
T0001F/08 27±1 14 — — — — —

Legend: — no biosyinthesis; + low intensity of biosynthesis
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The obtained results show that only one A. flavus culture (GD-16/06)
biosynthesised AFLB1 and only on PDA medium (Table 1). Other tested
Aspergillus spp. isolates did not express potential for AFLB1 biosynthesis.

The cultivation time was exceeded to 14 days, because no traces of
AFLB1 were observed after 10-day cultivation under the above conditions. In
order to confirm the obtained results, another cultivation experiment was car-
ried out with sterilised wet rice grain as a substrate for the toxin production.
AFLB1 yield of 14 mg/kg of wet mass actually confirmed our results obtained
by the use of modified method of F i l t e n b o r g et al. (1983), and showed
once again that the optimal conditions for testing the AFLB1 production were:
27�1°C and 14-day cultivation on substrate containing starch.

Ochratoxin A (OTA). Screening of the OTA biosynthesis was done with
5 Aspergillus spp. and 3 Penicillium spp. isolates from crushed oil soybean
seed, a complete mixture for calf growth and other feed types. Besides 3 A.
ochraceus isolates (Table 2), one A. alutaceus (ZM/R), one A. niger (MA-
-K1/08), two P. aurantiogriseum (GD-8/06, MS/4a), and one P. viridicatum
(OZK/R) were also tested. They all had the same toxigenic profile as A. ochra-
ceus isolates — none of them produced OTA.

Tab. 2 — Production of ochratoxin A by Aspergillus ochraceus isolates

Sample
designation

Temper.
(°C) Days

Medium

PPSAZn PPSA PDA YESAZn YESA

GD-16/06 27±1 10 — — — — —
RST-2/46 27±1 10 — — — — —
T00010/08 27±1 10 — — — — —

CBS 108.08* 27±1 10 + — +++ ++++ ++++

Legend: * control strain, — no biosynthesis; + low intensity of biosynthesis, +++ high intensity,
++++ very high intensity

The A. niger isolate was included in our investigation because it was
known from literature (T j a m o s et al., 2004) that this species could produce
various amounts of OTA in Corinth raisins and wine-producing vineyards in
Greece. The only producer of this mycotoxin was a control strain A. ochraceus
CBS 108.108 which optimal conditions for OTA biosynthesis were media with
yeast extract and high sucrose content (YESA and YESAZn) (Table 2).

Fusariotoxins. Ability to produce ZON, DAS and T2 was investigated in
7 Fusarium isolates (F. solani — 1, F. oxysporum — 3, and F. verticillioides
— 3) obtained from crushed oil soybean seed, different types of feed and soil
for the indoor plant cultivation.
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Tab. 3 — Production of zearalenone by Fusarium spp. isolates

Sample
designation Species Temper.

(°C) Days
Medium

PPSAZn PPSA PDA YESAZn YESA

RST-3/46 F. oxysporum 21—24
7 — — — — +

10 — — — — +
14 — — — — +

MA-7A/08 F. oxysporum 21—24
7 — — — — —

10 — — — + +
14 — — — ++ ++

MA-9/08 F. oxysporum 21—24
7 — — — — —

10 — — — — +
14 — — — ++ ++

GZ-LES F. graminearum* 21—24
7 — + — + ++

14 — + — +++ ++

Legend: * control strain, — no biosynthesis; + low intensity of biosynthesis, ++ moderate
intensity, +++ high intensity

Zearalenone (ZON) biosynthesis was detected only by F. oxysporum iso-
lates and the control F. graminearum culture GZ-LES. At room temperature
varying from 21 to 24°C, earlier formation of ZON was detected in some iso-
lates after 7 days of cultivation, or after 10 days in others on YESA (Table 3),
although higher quantities of the same fusariotoxin were detected after a pro-
longed cultivation (14 days). Other authors also reported the formation of the
maximum amount of ZON after 12 days at 20°C by F. oxysporum and other
Fusarium species isolated from cereal grains (E l - K a d y and E l - M a -
r a g h y, 1982). In the control strain GZ-LES some smaller quantities of ZON
were observed in the PPSA medium in which the yeast extract was replaced
with the same concentration of peptone-1.

Diacetoxyscirpenole (DAS). None of the tested isolates of Fusarium spp.
biosynthesised this mycotoxin of type A trichothecene. Results obtained with 2
control strains of F. semitectum (Table 4) point out that the best medium for
screening the ability to produce DAS under laboratory conditions was PPSA in
which the yeast extract was replaced with the same concentration of peptone-1
(2%). These results are, to a certain degree, surprising because our previous in-
vestigations (B o å a r o v - S t a n å i ã et al., 2003) showed that the isolate
SL-B could produce DAS in the liquid media with yeast extract and pep-
tone-1. We assume that the cultivation temperature (27�1°C), higher than in
previous investigations, is the reason for such a result.
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Tab. 4 — Production of trichothecenes of type A by Fusarium spp. control isolates

Species Sample
design.

Temp.
(°C) Days

Medium

PPSAZn PPSA PDA YESAZn YESA

Diacetoxyscirpenol

F. semitectum SL-B 27±1 10 ++ +++ — — —

F. semitectum SL-C 27±1 10 + ++ — — —

T-2 toxin

F. sporotrichioides ITM-391
20—24 7 +++ ++ n.a. ++ ++

10 +++ ++++ n.a. +++ ++++
27±1 10 ++ +++ + n.a. n.a.

F. sporotrichioides M-1-1
20—24 7 ++ + n.a. + +

10 ++ +++ n.a. ++ ++
27±1 10 ++ ++ + n.a. n.a.

F. sporotrichioides R-2301
20—24 7 ++++ +++ n.a. +++ +++

10 ++++ ++++ n.a. ++++ ++++
27±1 10 +++ ++++ n.a. n.a. n.a

Legend: n.a. — not analysed; + low intensity of biosynthesis, ++ moderate intensity, +++ high
intensity, ++++ very high intensity

T2 toxin. As in case of DAS, none of the tested isolates of Fusarium spp.
biosynthesised this another mycotoxin of type A trichothecene (Table 4), al-
though according to M a r a s a s et al. (1984), our previous investigations (M a -
š i ã et al., 1997), and S o k o l o v i ã et al. (2008) some isolates belonging to
the species F. solani, F. oxysporum and F. verticillioides can produce T2.

In the case of control F. sporotrichioides isolates, the earliest T2 biosyn-
thesis was observed after 7 days of cultivation on all media with 15% of su-
crose, although the highest yields of this fusariotoxin were observed after a
prolonged cultivation (10 days) at room temperature (20—24°C). The medium
PDA was unsuitable for screening the ability to produce T2 (Table 4). On the
other hand, the best results were obtained after cultivation on PPSA or YESA,
i.e. media with high sucrose concentration, regardless of the use of peptone-1,
or the yeast extract as an N atom source. The addition of a small Zn concen-
tration (0.23 mg/l ZnSO4 x 5 H2O) did not affect the toxin production although
some authors point out that trace microelements can significantly influence the
mycotoxin production (M ü h l e n c o e r t, 2004).

CONCLUSIONS

For screening ability to produce different mycotoxins, the optimal cultiva-
tion conditions are as follows:

— AFLB1 — 14 days on PDA and 27�1°C;
— OTA — 10 days on YESA and YESAZn at 27�1°C;
— ZON — 2 weeks on YESA and YESAZn at room temperature (21—

24°C);
— DAS — 10 days on PPSA and PPSAZn at 27�1°C;
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— T2 — 7 days on PPSAZn and PPSA at room temperature (20—24°C).
Trace element Zn (0.23 mg/l ZnSO4 x 5 H2O) did not affect the mytoxin

production in tested conditions.
Analysed fungal isolates from cereals and fodder in Serbia were mainly

non toxic — out of 21 only one culture of A. flavus produced AFB1, and three
F. oxysporum cultures produced ZON.
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ISPITIVAWE TOKSIGENOG POTENCIJALA GQIVA
PRIMENOM JEDNOSTAVNOG TRIJAŸNOG METODA

Aleksandra S. Boåarov-Stanåiã1, Jelena T. Leviã.2,
Gordana R. Dimiã3, Slavica Ÿ. Stankoviã2, Nataša M. Salma1

1 „Bio-ekološki centar", d.o.o., Petra Drapšina 15,
23000 Zrewanin, Srbija

2 Institut za kukuruz „Zemun poqe", Slobodana Bajiãa 1,
11185 Beograd, Srbija

3 Tehnološki fakultet, Bulevar cara Lazara 1,
21000 Novi Sad, Srbija

Rezime

Potencijal za biosintezu aflatoksina B1 (AFLB1), ohratoksina A (OTA),
diacetoksiscirpenola (DAS), T-2 toksina (T2) i zearalenona je ispitan kod
izolata gqiva koje pripadaju rodovima Aspergillus, Fusarium i Penicillium. Izola-
ti su uglavnom bili poreklom sa zrna ÿitarica i stoåne hrane. Primewena je
jednostavna trijaÿna metoda F i l t e n b o r g-a i sar. (1983) kod koje su izvršene
izvesne modifikacije u smislu tipa podloge i temperature kultivacije gqiva.

U ciqu optimizacije uslova za testirawe toksigenog profila odabranih
gqiviånih izolata upotrebqene su kontrolne kulture za koje je prethodno doka-
zano da su proizvoðaåi sledeãih mikotoksina: OTA-a A. ochraceus CBS 108.08,
DAS-a F. semitectum (SL-B i SL-C), T2 — F. sporotrichioides (ITM-391, M-1-1,
R-2301) i ZON-a F. graminearum (GZ-LES). Gqive su gajene na standardnoj pod-
lozi (EKSA — 2% ekstrakta kvasca i 15% saharoze, pH 6,5), tri modifikacije
osnovne podloge (EKSAZn- — standardna podloga sa dodatkom 0,23 mg/l ZnSO4 x
5 H2O; PPSA — podloga u kojoj je ekstrakt kvasca zamewen peptonom-1; PPSAZn

— podloga u kojoj je ekstrakt kvasca zamewen peptonom-1 i kojoj je dodato 0,23
mg/l ZnSO4 x 5 H2O; pH 6,5) i krompir dekstroznoj podlozi (pH 6,5).

Biosinteza ispitanih mikotoksina je najranije konstatovana pri slede-
ãim uslovima gajewa gqiva: AFLB1 — posle 14 dana kultivacije na KDA i
27�1°S, OTA — posle 10 dana kultivacije na EKSA i EKSAZn i 27�1°S, DAS-a
posle 10 dana kultivacije na PPSA i PPSAZn na 27�1°S, T2 — posle 7 dana na
PPSA i PPSAZn i sobnoj temperaturi (20—24°S), i ZON-a posle nedequ dana
na EKSA i EKSAZn i sobnoj temperaturi (21—24°S).
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FUSARIUM SPECIES: THE OCCURRENCE AND
THE IMPORTANCE IN AGRICULTURE OF SERBIA

ABSTRACT: Fusarium species have been isolated from over 100 plant species in
Serbia. From the economic aspect, they have been and still are the most important for the
production and storage of small grains and maize, and are exceptionally important for some
other species. Total of 63 species, 35 varieties (var.) and 19 specialised forms (f. sp.) of ba-
sic species, particularly of F. oxysporum (4 var. and 12 f. sp.) and F. solani (7 var. and 3 f.
sp.) were identified. Species F. langsethiae and F. thapsinum, recently identified, have been
isolated from wheat and s o r g h u m seeds, respectively. F. graminearum is the most im-
portant pathogen for wheat, barely and maize, while F. poae is also important for wheat
and barely. Furthermore, species of the section Liseola (F. verticillioides, F. subglutinans
and F. proliferatum) are important for maize and sorghum. In recent years, species of the
section Liseola have been increasingly occurring in wheat and barley. The June—October
period in Serbia is the most critical period for quality maintenance of stored maize, as the
abundance and frequency of fungi, particularly of toxigenic species of the genus Fusarium,
are the greatest during that period.

In general, there is a lack of data about fusarioses of industrial crops in Serbia. There
are mere descriptions of specific cases in which the development of Fusarium species was
mostly emphasised by agroecological conditions. The presence of recently determined Fusa-
rium species in kernels of these plant species indicates their importance from the aspect of
the yield reduction and grain quality d e b a s e m e n t and the mycotoxin contamination.

Root rot and plant wilt are characteristic symptoms of fusarioses for forage and vege-
table crops, while pathological changes in fruits provoked by Fusarium species are less
frequent. F. oxysporum and its specialised forms prevail in these plant species.

KEY WORDS: Fusarium, diseases, cereals, industrial crops, forage crops, vegetables

INTRODUCTION

The importance of Fusarium species is mostly estimated through damages
that they cause either by destroying crops, grain, nursery plants, stored fruits,
finished products, processed products, or by causing the decrease in the live-
stock production or death of animals, human diseases, etc. The majority spe-
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cies of the genus Fusarium are capable of causing diseases (mycoses) in
plants, animals and humans or mycotoxicoses in animals and humans. These
fungal species parasitise on living cells, tissues or organs that are often weak-
ened by other factors and cause infections of a mycosis type. These fungi form
mycotoxins in infected plants and if these plants are involved in a food chain
they can cause intoxication of humans and animals known as mycotoxicoses.

There is almost not a single place in Serbia where fungi of the genus Fu-
sarium were not observed (L e v i ã, 2008). They are identified as pathogens of
wheat, industrial, forage, vegetable, fruit, forest, ornamental, aromatic, medici-
nal and weed plants, then as parasites of fungi, parasitic flowering plants and
insects. Furthermore, they are isolated from the human eye, feed and food,
soil, water and air. More important secondary metabolites (fusariotoxins) for-
med by certain species of the genus Fusarium were determined, as well as the
effects of food contaminated by these metabolites on human and animal health.

Although Fusarium species have been isolated from over 100 plant spe-
cies in Serbia, they have been and still are, from the economic aspect, the
most important for the production and storage of small grains and maize, and
are exceptionally important for some other crops (L e v i ã, 2008; L e v i ã et
al., 2008b). Total of 63 species, 35 varieties (var.) and 19 specialised forms
(f.sp.) of basic species, particularly of F. oxysporum (4 var. and 12 f. sp.) and
F. solani (7 var. and 3 f. sp.) were identified. There are over 225 publications
that discuss Fusarium spp., but it is not known whether in the described spe-
cies are only the identified ones or maybe there are unidentified new species.
Such a great number of unidentified species is a result of insufficient expe-
rience of the majority of researchers, who easily determine the observed fungi
up to the genus, but not to a species. In spite of such a great number of identi-
fied species, not more than ten are the most distributed, while this number is
much smaller with regard to the economic and mycotoxicological importance.

The first occurrence of species of the genus Fusarium was determined in
Serbia as teleomorph forms (Gibberella pulicaris (Fries) Sacc., Nectria epi-
sphaeria (Tode), Gibberella saubinetii (Mont.) Sacc.) at the end of the 19th

and the beginning of the 20th century, while the anmorph form (Fusarium ro-
seum Link) was distinguished as late as 1911 (R a n o j e v i ã, 1902, 1910; 1914).

Numerous species of the genus Fusarium were isolated from different
fodder components and mixtures. These species contribute to the yield re-
duction and quality debasement of fodder, especially in regard to mycotoxins
(B o å a r o v - S t a n å i ã et al., 2008, 2001; J a j i ã et al., 2007; S t a n k o -
v i ã et al., 2008d). Zearalenone and its derivatives, as well as type A tricho-
thecenes (T-2 toxin, DAS) were mainly studied and determined in Serbia,
while type B trichothecenes (deoxynivalenol) or fumonisines were significantly
less observed and determined (L e v i ã et al., 2004; B o å a r o v - S t a n å i ã
et al., 2008). In recent times, greater attention has been given to these and other
fusariotoxins, such as beauvericin, fusaproliferin and moniliformin (A b r a -
m o v i ã et al., 2005; S t a n k o v i ã et al., 2007, 2008a, 2008b, 2008c,
2008d).

The importance of species of the genus Fusarium in Serbia can be consi-
dered on the basis of their distribution, abundance, pathogenic properties rela-
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ted to crops, consumption of contaminated products, damages caused by natu-
ral infections, mycotoxin contamination and the number of published papers.
The most numerous studies state results obtained on the occurrence of species
on certain parts of different plants species and various substrates depending on
biotic and abiotic factors. There are the least data on human diseases (en-
dophthalmitis) caused by species of the genus Fusarium (S r d i ã et al., 1993).

This study encompasses the occurrence and importance of certain Fusa-
rium species in agriculture with regard to cereals, industrial, forage and vege-
table plants.

CEREALS

Due to great economic damages, species of the genus Fusarium were the
most important agents causing root and stalk rots of maize (Zea mays L.) and
wheat (Triticum vulgare L.) in Serbia up to the mid-1980s (D r a g a n i ã,
1978; B a l a ÿ et al., 1985). In the majority of cases of root and stalk rots of
both maize and wheat, the species F. graminearum was the most frequent pat-
hogen. Due to the intensive activities of phytopathologists and breeders on the
development of resistant genotypes, the symptoms of maize stalk lodging co-
uld hardly be recorded in fields in Serbia since the 1990s (L e v i ã et al.,
1995). As far as wheat is concerned, root and stem rot is of a weaker intensity
than earlier, but it can occur more intensively under certain conditions, for in-
stance under conditions of wheat-maize rotation and without the fertiliser ap-
plication (B a l a ÿ et al., 1998).

In Serbia, besides root and stalk diseases, Fusarium species used to be
and still are the most important agents causing ear roots and fusarioses of
spikes of both wheat and barley (Hordeum vulgare L.). Barley is one of the
first crops for which a compulsory phytopathological seed test was established
in Serbia in 1930 in order to prevent the introduction and distribution of the
species F. roseum Link (Report on the activities of the Agricultural Experi-
mental and Testing Station from 1919 to 1932, published in 1936).

The presence of the Fusarium species on maize ear or spikes of small
grains is noticed during each year, but with different infection intensity or
frequency of certain species. The literature data on their distribution and
frequency are numerous, sometimes even drastically different although they
were obtained during the same year by various researches. These great diffe-
rences are the result of effects of particular or combined factors, and are
mostly related to: (i) impacts of agroclimatic conditions during the growing
season; (ii) the susceptibility of observed genotypes; (iii) the representability
of samples; (iv) the number of analysed samples and deficient information on
each sample; (v) the number of locations and years of investigation; (vi) ap-
plied methods for the isolation and the identification of fungi; (vii) the routine
in the identification of certain species; and (viii) the impossibility of the con-
servation of isolated cultures in an appropriate way so that the confirmation of
the identification or re-identification could be done by reanalyses.

In the last decades, the amount of local precipitation during the wheat
flowering time had a significant effect on the variation of the intensity of
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Fusarium head blight (FHB) and on the wheat grain yield in Serbia. In such a
way, it was determined in 2005, when the intensity of spike fusariosis was, on
average, high, that the grain yield reduction varied from 3.5 to 38.3%, depen-
ding on the agroecological conditions and resistance of wheat varieties (L e -
v i ã et al., 2008c).

The type of isolation media for fungi is of a special importance for the
identification of a particular Fusarium species. For instance, potato dextrose
agar (PDA) is a medium most suitable for distinguishing F. langsethiae and F.
thapsinum from F. poae and F. verticilioides, isolated from wheat and sor-
ghum kernels, respectively. On PDA, F. langsethiae forms a powdered colony
whose colour varies from white to dark red, while F. thapsinum forms a
colony with a yellow pigment in the medium. These types of colonies are ne-
ver formed by F. poae and F. thapsinum.

The medium containing 2% agar is a very efficient medium for the deter-
mination of the Fusarium species in the maize kernel, as fungi abundantly
sporulate, but scarcely form aerial mycelium. This provides in situ identifi-
cation of numerous Fusarium species both on and around kernels.

The distribution and frequency of F. oxysporum can be used as an
example of differences in results obtained in the studies of mycobiota in wheat
and maize kernels. D o p u ð a and L e v i ã (2004) and S t a n k o v i ã et al.
(2007) established that this species was present up to 3%, i.e. that it was ab-
sent in the tested samples of wheat kernels. On the contrary, the results ob-
tained by S t o j a n o v i ã et al. (2005) show that this fungus was present in
wheat kernels even in 45.7% of samples. Studies carried out by B o å a r o v -
- S t a n å i ã (2001) point out that different results were obtained when the
kernel infection with Fusarium species was determined in dependence on the
fact whether kernels were surface sterilised or not. In cases when kernels were
not surface sterilised, the obtained results are many-fold higher.

The intensity of the occurrence of F. oxysporum has been changed in
maize. During the 1980s, F. oxysporum spread pretty much in stored maize. In
some cases, even 56% of surface sterilised maize kernel samples was infected
(M u n t a ñ o l a - C v e t k o v i ã, 1982; N o o r y (1983). However, recent re-
sults gained by L e v i ã et al. (2003) indicate that this species is very seldom
isolated from surface sterilised maize kernels.

In spite of the stated differences in the determination of the intensity of
frequency of Fusarium species, conclusions on their frequency and importance
for cereals can be drawn according to the results of long-term analysis. Data
presented in Tables 1 (unpublished data) and 2 point out that the most im-
portant pathogenic species for wheat, barley and maize is F. graminearum.
Furthermore, F. poae is also important pathogenic species for wheat and
barley, while species of the section Liseola (F. verticillioides, F. subglutinans
and F. proliferatum) are also important for maize and sorghum (L e v i ã et al.,
1997, 2008). Under agroecological conditions of Serbia, F. graminearum is
mainly developed along the rachis (L e v i ã et al., 2008c), which points out
that cultivated varieties of wheat do not possess the type II resistance or resi-
stance to the spread of pathogens on spikes. On the other hand, F. poae is the
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most often developed on the rachis tip, and although it is very frequent it does
not express pathogenic effects on wheat seedlings (L e v i ã et al., 2008d).

Tab. 1 — The number of positive samplesa with determined occurrence of Fusarium spp. in ker-
nels of wheat, barley, maize and sorghum in the 2004—2007 period

Fusarium species Wheat Barley Maize Sorghum

F. avenaceum 1/29
F. culmorum 1/29
F. equiseti 5/29 4/67 1/60
F. graminearum 71/75 26/29 21/67
F. langsethiae 3/75
F. oxysporum 1/29
F. poae 37/75 18/29 2/67
F. polyphialidicum 2/29 1/67
F. proliferatum 10/75 4/29 25/67 32/60
F. sambucinum 1/29
F. semitectum 5/29 2/60
F. solani 1/67 6/10
F. sporotrichioides 9/75 21/29 8/67 2/60
F. subglutinans 75/5 1/29 24/67 8/60
F. thapsinum 34/60
F. tricinctum 4/75 2/29
F. verticillioides 27/75 1/29 38/67 60/33

a Number of samples infected with Fusarium spp./total number of tested samples. A total of 100
kernels per each sample was tested — kernels were rinsed under tap water for two hours, then
surface sterilised with 1% NaOCl for 10 seconds, then they were washed with sterile water three
times and dried out on soft sterile paper.

The frequent occurrence of F. verticilioides and F. proliferatum in wheat
kernels is an interesting data from the toxicological aspects, as it was thought
that fumonisins, synthetised by these fungi, were less important for wheat than
for maize (V i s c o n t i and D o k o, 1994). In accordance with these results,
it was determined that 59.3% of samples of wheat harvested in 2005 and 2006
were contaminated with fumonisins, provided that the FB1 concentration was
> 20,000, 2,300—16,700 and < 2,000 ppb in 50.0, 20.8 and 29.2% samples,
respectively (L e v i ã et al., 2008a; S t a n k o v i ã et al., 2008d). These re-
sults point out that it is necessary to determine natural contaminations of
wheat and barley kernels with fumonisins under agroecological conditions of
Serbia.
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Tab. 2 — Occurrence of Fusarium species (given in descendent values) in kernels of cereals in
Serbiaa

Plant species

Wheat Barley Maize Sorghum

Occurrence > 16%

F. graminearum F. graminearum F. graminearum
F. poae F. poae

F. sporotrichioides
F. subglutinans
F. verticillioides

F. proliferatum
F. thapsinum

Occurrence 6—15%

F. proliferatum F. proliferatum F. proliferatum
F. verticillioides F. verticillioides F. verticillioides
F. subglutinans F. subglutinans
F. avenaceum F. avenaceum
F. oxysporum F. oxysporum
F. sporotrichioides
F. culmorum

F. poae

Occurrence < 5%

F. semitectum F. semitectum F. semitectum F. semitectum
F. equiseti F. equiseti F. equiseti F. equiseti
F. tricinctum F. tricinctum F. tricinctum
F. chlamydosporum F. chlamydosporum

F. crookwellense F. crookwellense
F. avenaceum F. avenaceum
F. culmorum
F. oxysporum
F. polyphialidicum
F. sambucinum

F. acuminatum
F. arthrosporioides
F. compactum
F. langsethiae
F. anthophilum

F. solani F. solani
F. sporotrichioides F. sporotrichioides

F. subglutinans

a Data source: L e v i ã (2008).

The June—October period in Serbia is the most critical period for quality
maintenance of stored maize, as the abundance and frequency of fungi, parti-
cularly of toxigenic species of the genus Fusarium, are the greatest during that
period (K r n j a j a et al., 2007b). The positive correlation (r = 0.598**)
between the dynamics of the occurrence and the frequency of isolated fungi
indicates that fungi with greater frequency of occurrence maintain longer in
maize kernels during storage. According to these authors, F. verticillioides and
F. subglutinans, out of total six identified species of the genus Fusarium, are
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present in kernels during the whole year and with the highest frequency
(24.7% and 5.9%, respectively). During the year, F. verticillioides (22.0/39.5%)
and F. subglutinans (8.012.5%) are mainly present from February to October
and April to October, respectively, while both species are the least isolated du-
ring the winter period (December—January — 4.0—8.0% and 0.5—1.0%,
respectively). F. graminearum is the third toxigenic species of the genus Fu-
sarium that could be significant from the mycotoxicological aspect for the
June—September period when it occurs in the highest percent (5.0—11.0%).
Lately, the occurrence of the remaining species of the genus Fusarium has
been sporadic (1.3% F. proliferatum, 1.0% F. sambucinum and 0.5% F. poae).

INDUSTRIAL CROPS

In general, fusarioses of industrial plants, have been very little studied in
Serbia. Exceptionally, there are sporadic literature data on excess cases that are
most often caused by impacts of agroclimatic conditions. Fusarium species
mainly cause plant wilt in industrial plants as a result of root rot (Table 3).
F. oxysporum is the species most often isolated from roots of these plants.

In Serbia, for a long time, Fusarium species have not been considered the
important causative agents of diseases of sugar beet root (Beta vulgaris L. var.
saccharifera Lange). However, the occurrence of leaf chlorosis, caused by
necrosis and rotting of roots, has been very frequent during the last decade.
Leaf chlorisis has caused great economic damages (J a s n i ã et al., 2005a).
F. oxysporum was mainly isolated from infected plants, while F. solani was
not often isolated (Table 4). This root rot occurrence is attributed to the effects
of droughts, which have been very frequent in Serbia during the growing sea-
son of sugar beet.

There is a lack of results obtained from the studies of soybean (Glycine
max (L.) Merrill) fusarioses in Serbia, although several Fusarium species that
cause root and stem rots, wilting and infections of pods and seeds, have been
isolated and identified during the last several years (Table 3). Fusarium spe-
cies, especially F. oxysporum and F. semitecum, are the most frequently iso-
lated from soybean seeds (Table 4). The pathogenicity test shows that F. oxy-
sporum caused the decrease in seed germination and plant emergence and also
led to the increase of rotten soybean kernels (J a s n i ã et al., 2005b).

Sunflower (Helianthus annuus L.), as well as soybean is not a sufficiently
studied industrial plant from the aspects of diseases caused by Fusarium spp.,
although the most recent studies show that these diseases can be important due
to a frequent and sometimes intensive, occurrence, in kernels (Tables 3 and 4),
(B o å a r o v, 1983). The first more important data about sunflower fusariosis
was described more than four decades ago, when F. avenaceum caused im-
portant diseases of sunflower plants during rainy summer months.

Complex of species of the genus Fusarium (F. oxysporum, F. verticillioides,
F. proliferatum, F. solani, etc.) often cause root rot and wilting of hop (J a s -
n i ã et al., 1996). In addition, it was revealed that Fusarium species isolated
from hop are potentially toxigenic species (S t a n k o v i ã et al., 2008b). The
mycotoxin production of strains shows that all isolates of F. proliferatum and
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F. verticillioides produced fumonisin B1 (250,000—300,000 ppb), five out of six
isolates of F. proliferatum produced beauvericin (400,000—500,000 ppb), three
strains of F. proliferatum produced fusaproliferin (400.000—450,000 ppb) and
all isolates of F. verticillioides produced fusaproliferin (up to 400,000 ppb).

Tab. 3 — Fusarioses of industrial plantsa

Plants Symptoms Causative agents

Sugar beet Seedling wilt, root necrosis F. oxysporum var. orthoceras,
F. oxysporum

Chlorosis, wilt and death of plant, bearded
root and root rot

F. oxysporum, F. graminearum
F. equiseti

Soybean Necrosis of root and above ground stem
part and plant wilt
Infection of pod and kernel

F. oxysporum F. graminearum,
F. semitectum

Sunflower Plant wilt and root rot F. avenaceum
Infection of kernel F. verticillioides

Hop Rot of root and above ground stem part, leaf
chlorosis, wilt

Complex Fusarium species

Tobacco Wilt of young plant, white loose fungal
mycelium in leaf and seed

F. argillaceum

a Data sources: L e v i ã (2008); J a s n i ã et al. (2005a, 2005b); B a l a ÿ and S t o j š i n
(1997); L e v i ã (2008, unpublished data).

Tab. 4 — Fusarium species in industrial plants in Serbiaa

Plants

Sugar beet Soybean Sunflower Hop

Prevailing Fusarium species

F. oxysporum F. oxysporum F. oxysporum F. oxysporum
F. semitectum

F. culmorum
Additionally occurring Fusarium species

F. graminearum F. graminearum F. graminearum
F. acuminatum F. acuminatum F. acuminatum
F. solani F. solani F. solani
F. proliferatum F. proliferatum

F. sporotrichioides F. sporotrichioides
F. verticillioides F. verticillioides

F. oxysporum f. sp. betae
F. semitectum
F. culmorum
F. equiseti

F. poae
F. equiseti

F. avenaceum
F. camptoceras
F. dimerum
F. equiseti
F. roseum
F. semitectum var. majus

a Data source: L e v i ã (2008).
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FORAGE CROPS

F. oxysporum and F. solani are the most frequent causative agents of root
rots and plant wilt of l u c e r n e (Medicago sativa L.) and clover (Trifolium
spp. L.), while F. verticillioides causes the greatest damages to seeds (Tables 5
and 6). Strong wilt of red clover was recorded only in one case, in an area in-
tended for the production of fodder and seed in the region of Kruševac in
1997 (U r o š e v i ã et al., 1999).

F. culmorum, F. semitectum and F. sporotrichioides were isolated from
16.7 to 33.0% of samples of healthy lucerne plants and plants with wilting
symptoms (B o å a r o v - S t a n å i ã et al., 2005). Lucerne wilt is caused by
several species of the genus Fusarium, and according to some authors a spe-
cialised form of F. oxysporum f. sp. medicaginis is the most important (T o -
d o r o v et al., 1995). A smaller number of isolates of F. oxysporum, origina-
ting from lucerne roots, were observed by the vegetative compatibility group
method and these observations did not confirm the presence of F. oxysporum
f. sp. medicaginis in Serbia (K r n j a j a et al., 2007a). This indicates that
further comprehensive studies on lucerne fusarioses and the identification of
specialised forms of widely spread species F. oxysporum are necessary.

Tab. 5 — Fusarioses of forage plantsa

Plants Symptoms Causative agents

Clover Tracheomycosis plant wilting
Seed infection

F. oxysporum
Complex of Fusarium species

Lucerne Root rot and plant wilting
Seed infection

F. oxysporum, F. solani
Complex of Fusarium species

a Data sources: L e v i ã (2008); K r n j a j a and L e v i ã (2005); K r n j a j a et al. (2005a, 2005b).

Tab. 6 — Fusarium species in forage plants in Serbiaa

Occurrence of Fusarium spp.
Plant species

Clover Lucerne

Prevailing species:
F. oxysporum F. oxysporum

F. oxysporum f. sp. medicaginis
F. solani F. solani

Additionally occurring species:
F. proliferatum F. proliferatum
F. subglutinans F. subglutinans
F. verticillioides F. verticillioides

F. acuminatum
F. arthrosporioides
F. avenaceum
F. equiseti
F. graminearum
F. semitectum
F. sporotrichioides
F. tricinctum

a Data sources: L e v i ã (2008); B o å a r o v - S t a n å i ã et al. (2005); K r n j a j a et al. (2005a,
2005b, 2007a).

41



VEGETABLES

In Serbia, Fusarium species periodically cause significant diseases of
onion (Allium cepae L.), garlic (A. sativum L.), tomato (Lycopersicon esculen-
tum Mill.), potato (Solanum tuberosum L.) and watermelon (Citrullus vulgaris
Schrad.), especially wilting type of disease (table 7). Usually, Fusarium spe-
cies rarely occur in the majority of vegetables, and if they occur they are often
of a weaker intensity. F. oxysporum is the most often causative agent for these
diseases (Table 8).

The significance of the Fusarium basal rot of onion has been increasing
in Serbia. The disease is important not only for the green onion production,
but also for the production of onion sets and bulbs. Especially expressed da-
mages in the onion production occur in onion continuous cropping or in a
short-term crop rotation. Species of the genus Fusarium can cause rots up to
53.2% of onion seedlings (K l o k o å a r - Š m i t et al., 1988). The following
species were most often isolated from infected bulbs, onion sets and seedlings,
as well as from soil: F. oxysporum Schlecht. f. sp. cepae (Hanz.) Snyd. &
Hans. and F. solani, upon that F verticillioides (syn. F. moniliforme) and
F. oxysporum (K l o k o å a r - Š m i t et al., 1990).

F. proliferatum, F. oxysporum and F. solani were isolated from cloves of
garlic (Table 8). F. proliferatum caused golden-yellow to tan spots on the
inoculated plants, while w a t e r - s o a k e d, soft and tan necrotic spots with
mildly w r i n k l e d tissue occurred on cloves (S t a n k o v i ã et al., 2005).
Isolates of F. proliferatum, originating from garlic, are good mycotoxin pro-
ducers (S t a n k o v i ã et al., 2007).

Wilting, vessel necrosis and death of plants of tomato, aubergine and
pepper caused by Fusarium species were determined during the 1980s (cit.
after L e v i ã, 2008). F. oxysporum f. sp. lycopersici is stated as the most
often causative agent of tomato fusariosis, although it was not identified in all
cases with certainty. It is considered that the application of systemic fungicides
in the production of this vegetable is a reason for rare occurrence of fusarioses
on tomato in Serbia.

Two out of several cases of the intensive occurrence of fusarioses in po-
tato tubers are the most important in Serbia. The first case was during the
1960s with the infection level up to 50% (M a r t i n o v i ã, 1961), when F. coe-
ruleum was identified as a principal pathogen that caused dry rot of tubers
(mummified tubers). In the second case during 1992, there was an outbreak of
tuber rot in all regions of Serbia at the end of the growing season of potato.
The infection intesity in some plots was 30.0%, but in some smaller plots it
ranged from 1.0 to 80.0% (S t o j š i n and M a r i ã, 1995). Infected tubers
may completely rot, shrivel, and become mummified. F. oxysporum Schel. var.
tuberosi Snyd. & Hans. and F. solani were mainly isolated from such tubers,
while F. solani var. coeruleum and F. avenaceum were rarely identified very
rare.
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Tab. 7 — Fusarioses of vegetable plantsa

Plants Symptoms Causative agents

Onion Root and bulb rot, death of seedlings F. oxysporum var. cepae, F. solani
Garlic Water-soaked, soft and tan necrotic spot

with mildly wrinkled tissue of clove
F. proliferatum

Cabbage Wilting, rot of root and root collar F. oxysporum f. sp. conglutinans
Pepper Wilting, root necrosis F. annuum, F. oxysporum
Watermelon Wilting and dying of plant, seed and

fruit infection
F. oxysporum f. sp. niveum

Cucumber Rot of lower part of stems, wilting
and dying of plant

Fusarium spp.

Tomato Necrosis of vascular vessels, wilting F. oxysporum f. sp. lycopersici
Bean Root rot and chlorosis from the base

to the top of the plant
F. oxysporum f. sp. phaseoli

Pea Necrosis and rot of root F. solani var. redolens
Potato Dry rot, dark tissue of the central part

of tuber, mummified tuber
F. coeruleum, F. oxysporum var.
tuberosi, F. solani

Broad bean Rolling and wrinkling of leaf,
parchment appearance, root rot

F. oxysporum, F. oxysporum f. sp.
fabae, F. oxysporum f. sp. pisi

a Data sources: L e v i ã (2008); I v a n o v i ã et al. (1987, 1997); S t o j š i n and M a r i ã
(1995); S t a n k o v i ã et al. (2007).

The first outbreak of Fusarium wilting of watermelon was recorded in the
1970s, when F. oxysporum f. sp. niveum caused the disease in 60.0—70.0% of
watermelon plants, especially those cultivated in continuous cropping (cit. after
L e v i ã, 2008). The disease symptoms in grown watermelon plants also oc-
curred in fruits. Due to the application of watermelon grafting onto rootstock
of gourd that is resistant to Fusarium species, cases of fusarium diseases of
watermelon in Serbia have been occurring less and less since the 1990s.

Tab. 8 — Fusarium species (given in descendent importance) in vegetable plants in Serbiaa

Plant species

Onion Garlic Tomato Potato
F. oxysporum F. oxysporum F. oxysporum F. oxysporum
F. solani F. solani F. solani
F. proliferatum F. proliferatum
F. acuminatum
F. cepae
F. equiseti
F. oxysporum f. sp. cepae
F. verticillioides

F. incarnatum
F. oxysporum f. sp.
lycopersici
F. semitectum

F. coeruleum
F. avenaceum
F. oxysporum var. tuberosi
F. solani var. coeruleum
F. oxysporum f. sp. solani
F. sambucinum

a Data source: L e v i ã (2008).
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Fusarium rot of pepper roots and root collars and fusarium wilt occurred
in the intensity of up to 10% in the late 1950s and 1970s (cit. after L e v i ã,
2008). At the end of 1990s, T o d o r o v i ã and H o r v a t (1997) also po-
inted out to Fusarium diseases of pepper grown under controlled conditions.
F. annuum and F. oxysporum f. sp. lycopersici were identified.

Data on fusarioses of bean (Phaseolus vulgaris L.) and s t r i n g b e a n
are scarce (cit. after L e v i ã, 2008). The occurrence of root rots, necrosis of
vascular vessels of the above ground parts of stems and plant wilting were re-
corded during the 1980s. Infected plants obviously lagged in growth and were
of a chlorotic appearance. Chlorosis spread from the base to the top of a plant
until the plant died. F. oxysporum f. sp. phaseoli was mainly isolated from in-
fected plants.
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Rezime

Vrste roda Fusarium su u Srbiji izolovane sa preko 100 biqnih vrsta, a sa
ekonomskog aspekta, bile i ostale, najznaåajnije za proizvodwu i åuvawe strnih
ÿita i kukuruza. Samo izuzetno su znaåajne i za neke druge biqne vrste. Ukupno
je do sada identifikovano: 63 vrste, 35 varijeteta (var.) i 19 specijalizovanih
formi (f. sp.) osnovnih vrsta, posebno vrste F. oxysporum (4 var. i 12 f. sp.) i
F. solani (7 var. i 3 f. sp.). F. langsethiae i F. thapsinum su novoidentifikovane
vrste izolovane sa zrna pšenice, odnosno sirka. F. graminearum je najznaåajni-
ji patogen pšenice, jeåma i kukuruza, a F. poae i patogen pšenice i jeåma. Vr-
ste iz sekcije Liseola (F. verticillioides, F. subglutinans i F. proliferatum) znaåajni
su i patogeni kukuruza i siraka, mada je posledwih godina utvrðena sve åešãa
pojava ovih vrsta na zrnu pšenice i jeåma. U Srbiji je period jun—oktobar naj-
kritiåniji za oåuvawe kvaliteta uskladištenog kukuruza jer su brojnost i uåe-
stalost gqiva u tom periodu najveãe, posebno toksigenih vrsta roda Fusarium
(43,5—62,5%).

Generalno, fuzarioze industrijskih biqaka su malo prouåavane u Srbiji.
Opisi su samo pojedinaåni sluåajevi u kojima je razvoj Fusarium vrsta najåešãe
potenciran povoqnim agroklimatskih uslovima. Prisustvo Fusarium vrsta na
semenu industrijskih biqaka, koje je posledwih godina sve åešãe utvrðeno, uka-
zuje da ove patogene gqive u Srbiji mogu biti znaåajne sa stanovišta smawewa
prinosa i kvaliteta zrna, posebno u pogledu kontaminiranosti mikotoksinima.

Truleÿ korena i uvenulost biqaka su karakteristiåni simptomi fuzario-
za krmnih i povrtarskih biqaka, dok je pojava patoloških promena na plodovi-
ma reða. Na ovim biqnim vrstama dominiraju F. oxysporum i wene specijalizo-
vane forme.
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EXAMINATION OF THE EFFICACY OF VARIOUS
FEED ADDITIVES ON THE PATHOMORPHOLOGICAL
CHANGES IN BROILERS TREATED WITH T-2 TOXIN

ABSTRACT: A 21-day-long experiment was performed on 160 one-day-old “Ross"
broiler chicks. This research was done with the aim of investigating pathomorphological
changes in broilers exposed to a relativly small amount of T-2 toxin (2 ppm) and the
possibility of prevention and/or alleviating adverse effects of T-2 toxin using various feed
additives. Pathohistological examination showed negative consequences of T-2 toxin in all
examined organs as degenerative changes developed in small intestine mucosa, enterocites
and hepatocites necroses, as well as lymphocites depletion in bursa of Fabricius. Disparately
from inorganic (Minazel-plus, Mz) and organic (Mycosorb, Ms) adsorbents, which did not
provoke protective effects, in liver, small intestine and bursa of Fabricius of broilers who
were given feed with T-2 toxin and mixed adsorbent (Mycofix-plus, Mf), mostly preserved
structure of these organs could be noted.

KEY WORDS: T-2 toxin, broiler, pathomorphological changes, adsorbents

INTRODUCTION

Trichothecenes inhibit protein synthesis and from the pathological and
immune point of view they are of extreme importance for poultry. When ani-
mals ingest relatively small amounts of T-2 toxin, clinical symptoms can miss
and performances can remain unalterable during longer period. In this way
toxin might be undiscovered although it causes subclinical changes that could
be found at the pathomorphological examination.

A new approach to mycotoxin control is to alleviate and/or prevent harm-
ful effects of mycotoxins in feed. Different feed additives are in use today,
which either adsorb mycotoxins on their surface or they provide enzyme de-
gradation of mycotoxins. The efficacy of alleviating harmful effects depends
mostly on chemical structure of adsorbent, as well as on the type of myco-
toxin.
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Adsorbents are substances nonresorbable from the gut, which can physi-
cally bind some chemicals and thus block their resorption. Mineral adsorbents
are commonly in use (active charcoal, hydrated sodium calcium aluminosili-
cate, sodium bentonit, dietary clay and zeolites) (T o m a š e v i ã - Å a n o v i ã
et al., 2003). The feasibility of utilizing organic adsorbents is also examined,
particularly esterified glucomanane which is isolated from the inner layer of
yeast cell wall and which possesses significant capability of mycotoxin adsorp-
tion (D e v e g o w d a et al., 1996). Recently a new type of additive, contain-
ing microorganisms with the ability to inactivate mycotoxins by enzyme modi-
fication of their structure (F u c h s et al., 2002), has been developed.

The primary objective of this study was to overhaul the feasibility of alle-
viating and/or preventing pathohistological changes in broilers exposed to T-2
toxin by utilizing different feed additives.

MATERIAL AND METHODS

Pure T-2 toxin isolate, obtained under laboratory conditions by cultivation
of Fusarium sporotrichoides, from 4 isolates: ITM-496, KF-38/1, M-1-1 i
R-2301 (B o å a r o v - S t a n å i ã and R a d o š e v i ã, 1991) was used for
feed contamination. To achieve proper homogenisation of T-2 toxin in the
feed, ethil-acetate extract containing 2 ppm of T-2 toxin was 3 times sprayed
at certain amount of feed that was afterwards mixed into the rest of the feed
necessary for the experimental period (1—21. days).

After proper preparation of the feed samples, the determination of the
present amount of T-2 toxin was done using ELISA method with monoclonal
T-2 toxin antibodies (B a r n a - V e t r o i sar., 1994).

Minazel-plus (Modified clinoptilolite, ITNMS Beograd), Mycosorb (Este-
rified glucomanane, Altech, USA) and Mycofix-plus (Biomin, Austria) were
added to the feed in the amount of 0,2%.

In vivo trial 21 days long was performed on 160 one-day old “Ross" broi-
ler chicks of both sexes. Animals were divided into 8 experimental groups,
each containing 20 broilers: group 1: negative control, free from T-2 toxin and
additives; group 2: positive control, 2 ppm T-2 toxin without binders; group 3:
2 ppm T-2 toxin + 0,2% Minazel-plus; group 4: 2 ppm T-2 toxin + 0,2%
Mycosorb; group 5: 2 ppm T-2 toxin + 0,2% Mycofix-plus; group 6: 0,2%
Minazel-plus without T-2 toxin; group 7: 0,2% Mycosorb without T-2 toxin;
group 8: 0,2% Mycofix-plus without T-2 toxin.

Animal sacrifice was done in all experimental groups on the 21st day of
the trial by method of cervical dislocation. Pathohistological examination was
performed on liver, small intestine and bursa of Fabricius samples, embedded
in paraffin, and sections of 3—5 m thickness were cut, stained using the stan-
dard hematoxylin eosin method (S c h e u e r et al., 1986) and observed under
the optical microscope (Olympus BX-41).
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RESULTS AND DISCUSSION

T-2 toxin affects almost all tisues and organs. Labile cells are mostly at-
tacked by structural changes due to T-2 toxin cytotoxic effects. This myco-
toxin causes pathomorphological alterations in liver, digestive system, bone
marrow, skin, lungs, heart, reproductive organs, spleen, bursa of Fabricius and
nervous tissue (K u b e n a et al., 1998, B a i l e y et al., 1998).

Pathohistological examination of liver from broilers fed with T-2 toxin
contaminated feed without the adsorbents, revealed massive focal disseminated
necrosis and numerous focal lymphocyte aggregates, which is in agreement
with the findings of numerous other authors (H o e r r et al., 1981, H o e r r et
al., 1982, G r i z z l e et al., 2004). Similar finding of periportal focal necrosis
and hepatocyte degeneration was found in broilers that, besides T-2 toxin, also
received inorganic and organic adsorbents Minazel-plus and Mycosorb with
feed. Absence of protective effects in cases of T-2 toxicosis in broilers fed
with diets containing zeolite or organic adsorbent, based on the pathohistolo-
gical examinations, was also noted by G a r s i a et al. (2003) and D v o r -
s k a and S u r a i (2001).

In the liver of broilers which were given feed with T-2 toxin and mixed
adsorbent Mycofix-plus, the liver moderate hepatocytes degeneration was ob-
served, mostly in the form of the intracellular oedema and in fewer cases,
lymphocyte infiltration in portal area was present. Preventive effect of Myco-
fix-plus was also noted in the research of G a r s i a et al. (2003) who obser-
ved toxic effects in liver at the bile ducts epithelium in the portal area. This
beneficial effect is based on the enzymatic inactivation of the 12,13-epoxide
ring of the trichothecenes and flavonoligands which are some of the compo-
nents of Mycofix-plus and have the role to protect liver by blocking receptors
in cell membrane of hepatocytes.

In the small intestine of broilers who were fed with T-2 toxin contami-
nated feed, on the 21st day, degeneration and descquamation of enterocytes,
as well as limphocyte infiltration between intestine glandules was observed,
which is in agreement with other investigations (H o e r r et al., 1981, H o e r r
et al., 1982, G r i z z l e et al., 2004). Similar finding of degeneration and
descquamation of enterocytes was noted in broilers that were, besides T-2
toxin, given adsorbents, inorganic and organic.

Contrary to these results, in the small intestine of broilers fed with feed
contaminated with mixed adsorbent Mycofix-plus, protective effects were noti-
cable as in the case of pathohistological examination, only moderate entero-
cytes descquamation could be seen, but the lenght and the structure of small
intestine villi remained normal.

Pathohistological inspection of bursa of Fabricius of broilers who were
given T-2 toxin without adsorbents in feed showed atrophy of lymphoid tissue
in the cortex and medulla, hereby observing vacuolisation in cortex lympho-
epithelium, while lymphocyte depletion was expressed in medulla. This fin-
ding is compatibile with observations of H o e r r et al. (1981), H o e r r et al.
(1982), G r i z z l e et al. (2004), F a z e k a s et al. (2000). Similarly, protec-
tive failure was noted in tissue of bursa of Fabricius in broilers who were fed

51



with feed contaminated with added inorganic binder Minazel-plus, as well as
organic adsorbent Mycosorb. This was in accordance with conclusions of
K u b e n a et al. (1998) and B a i l e y et al. (1998).

Differing from organic (Mz) and inorganic (Ms) adsorbents, which appli-
cation did not show protective effects in the tissue of bursa of Fabricius from
broilers who were given feed with added toxin and mixed adsorbent Myco-
fix-plus preserved medullar and cortex structure, with dense lymphocyte popu-
lation, especially expressed through diffuse proliferation of T-lymphocytes in
cortex of follicles, was observed.

The protective effect of mixed adsorbent can be explained by the fact that
enzymes, de-epoxidases, partially degraded the ingested T-2 toxin by selective
destruction of its toxic 12,13-epoxy group (F u c h s et al., 2002). Besides the
biological constituent, Mycofix-plus contains inorganic binder with the adsorp-
tion based on the production of hidrating connection between the mycotoxin
and the adsorbent, as well as flavonoligands, terpenoid complexes and fycofite
components which reduce inflammation, stimulate immune response and acce-
lerate metabolic processes.
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Rezime

Eksperiment je izveden na 160 jednodnevnih brojlerskih piliãa proveni-
jencije “Ross", u trajawu od 21 dan. Istraÿivawa su bila usmerena na omoguãa-
vawe detaqnijeg uvida u patomorfološke promene kod brojlera izloÿenih dej-
stvu relativno niskih doza T-2 toksina (2 ppm), kao i moguãnosti prevencije
ili ublaÿavawa štetnih efekata korišãewem razliåitih adsorbenata. Patohi-
stološkom analizom iseåaka tankog creva, jetre i Fabricijeve burze, uoåeni su
efekti T-2 toksina u svim ispitivanim organima, u vidu degenerativnih pro-
mena na sluznici tankog creva, nekroze enterocita i hepatocita, kao i deple-
cije limfocita u Fabricijevoj burzi. Za razliku od neorganskog (Minazel-plus,

53



Mz) i organskog (Mycosorb, Ms) adsorbenta åijom primenom nije došlo do za-
štitnog efekta, u tkivnim iseåcima jetre, creva i Fabricijeve burze kod broj-
lera koji su putem hrane dobijali T-2 toksin i mešoviti adsorbent (Mycofix,
Mf), zapaÿa se uglavnom oåuvana struktura ispitivanih organa.
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EVALUATION OF THE EFFICACY OF DIFFERENT
FEED ADDITIVES TO ADSORBE T-2 TOXIN IN VITRO

ABSTRACT: In the trial, in vitro HPTLC — High Performance Thin Layer Choma-
tography was used to determine the amount of “free", i.e. unbound or non-decomposed T-2
toxin. Mean adsorption or degradation levels of T-2 toxin in examined feed aditives, in in
vitro conditions, ranged from 26.06 to 34.84% and did not significantly differ among used
adsorbents: inorganic (Minazel plus — Mz), organic (Mycosorb — Ms) and mixed (Mico-
fyx — Mf). All these additives showed better adsorption ability in the acidic environment
(pH 3).

KEY WORDS: T-2 toxin, glucomanane, modified clinoptilolite, mycofix, HPTLC

INTRODUCTION

Trichotecenes are toxic products of secondary metabolism of several Fu-
sarium fungi and over 170 are isolated and identified so far. For veterinary
medicine the most important among them is T-2 toxin which is the most toxic
(H u m p h r e y s, 1988). Its presence has been recorded all over the world
implying that T-2 toxicoses are a very serious problem everywhere.

A new approach to mycotoxin control is to alleviate and/or prevent harm-
ful effects of mycotoxins in feed. Different feed additives are in use today
which either adsorb mycotoxins on their surface or provide enzyme degrada-
tion of mycotoxins. Efficacy of alleviating harmful effects depends mostly on
the chemical structure of adsorbent, as well as on the type of mycotoxin.

Adsorbents are substances nonresorbable from the gut which can physi-
cally bind some chemicals and thus block their resorption. Mineral adsorbents
are commonly in use (active charcoal, hydrated sodium calcium aluminosi-
licate, sodium bentonit, dietary clay and zeolites) (T o m a š e v i ã - Å a n o -
v i ã et al., 2003). The feasibility of organic adsorbent utilization was also
examined, particularly that of esterified glucomanane which is isolated from
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the inner layer of yeast cell wall and possesses significant capability of myco-
toxin adsorption (D e v e g o w d a et al., 1996). Recently, a new type of addi-
tive has been developed which contains microorganisms with the ability to
inactivate mycotoxins by enzymatic modification of their structure (F u c h s et
al., 2002).

MATERIAL AND METHODS

In an in vitro trial, pure crystal T-2 toxin was used, Fusarium sp., con-
centration 99%, product of Biopur, Austria.

As mycotoxin binders were used:

a) modified clinoptilolite (Min-a-zel Plus, ITNMS Beograd) obtained by
processing of clinoptilolite from Zlatokop zeolite.

b) esterified glucomanane (Mycosorb, Alltech USA) which is isolated
from the inner layer of yeast cell wall.

c) mixed adsorbent, which contains inorganic binder, bacteria, enzymes,
as well as phytogenic material extracted from plants (Micofix Plus, Biomin,
Austria).

The in vitro investigation of the efficacy of different feed additives to
adsorb or deactivate T-2 toxin was conducted according to standard procedure:
addition of basic standard T-2 toxin solution (1 mg/ml in ethil-acetate) and
100 mg of tested additives. The contact between toxin and additives was
reached in a magnetic mixer, in the buffer solution at pH3 and pH7, at 37°C
during 1 h. Separation of unbound toxin remainder from the complex ad-
sorbent-mycotoxin was done by filtration through quantitative filter paper Fil-
trak 391. Testing of wach feed additive was performed in 5 replications.

Determination of “free" i.e. unbound and non-degradated T-2 toxin was
accomplished by TLC technique (HPTLC — High Performance Thin Layer
Chromatography) according to the procedure of B a t a et al. (1983). The pre-
pared samples were inflicted on the chromatographic panes Silikagel 60 F254
HPTLC Merck. Chromatogram development was done in the toluen-ethyl ace-
tate-formic acid (50:40:10 v/v/v) system. Fluorescens was rised by panes
splashing with 25% solution of sulfuric acid in methanol. Densitometric deter-
mining of T-2 toxin amount at 254 and 366 nm was performed with Camag
TLC Scanner denzitometer with the software system Cats III.

Determination of toxin-adsorbent binding percentage was calculated from
the difference between the total toxin amount that was added to the buffer so-
lution and the amount of the unbound toxin remainder obtained by HPTLC.

RESULTS

Results received in the in vitro conditions are shown in Table 1.
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Tab. 1 — The amount and the percentage of T-2 toxin adsorbed by different feed additives

Sample*
(T-2 exp)

Amount of the
unbound T-2,

mg (T-2 unb), %

Amount of the
bound T-2,

mg, %

Average value of the
bound T-2 toxin,

%**

T-2 Mz, pH 7 35.24 14,56 29.24
T-2 Mz, pH 3 34.21 15.59 31.30
T-2 Ms, pH 7 34.98 14.82 29.76
T-2 Ms, pH 3 32.45 17.35 34.84
T-2 Mf, pH 7 36.82 12.98 26.06
T-2 Mf, pH 3 34.26 15,54 31.20

* Cone. T2 empiric 50 mg/sample, experimentaly determined amount 49,8 �g (T-2 exp)
** (T-2 exp — T-2 unb) * 100%

T-2 exp

As it could be seen from the table, amounts of the adsorbed T-2 toxin did
not differ significantly between the samples tested in the solutions of the same
acidity. Somewhat larger adsorbance percentage was noted in the solutions
with lower acidity — pH 3.

The average value of adsorbed T-2 toxin by the innorganic binder Mi-
nazel Plus (Mz) was 29,24% at pH 7 and 31,3% at pH 3. The highest adsorb-
tion was achieved by organic adsorbent Mycosorb (Ms) — 29,76% at pH 7
and 34,84% at pH 3. On the other hand, the lowest adsorbtion was noted in
the trials with the mixed binder Mycofix (Mf) — 26,06% at pH 7 and 31,20%
at pH 3.

DISCUSSION

Although an attempt was made to simulate the conditions in the gastro-
intestinal tract during the trial, it was impossible to reproduce the conditions
existing in real system. During the experiment specific problem was the calcu-
lation of the adsorbed mycotoxin amount. L e d o u x and R o t t i n g h a u s
(1999) stated that in the in vitro trials only adsorbents with the ability to bind
over 80% of mycotoxins should be taken in account.

In the performed experiments, in the solutions of the same acidity no signi-
ficant differences in the adsorbed amounts of T-2 toxin were found. Higher le-
vel of adsorption was noted at the lower acidity (pH 3), when better contact
between the adsorbent and toxin was reached. After the extraction of T-2 toxin
by ethylacetate, layers which are easier and faster to split off were obtained
and the segregated organic phase with T-2 toxin was plain giving clear spots
without filth.

The obtained results indicated that T-2 toxin was highly adsorbed by the
inorganic binder Minazel Plus (Mz) in in vitro conditions (29,24% at pH 7 and
31,3% at pH 3), as trichotecens do not possess polar functional group and na-
tural zeolites are active only toward polar mycotoxins, especially aflatoxins.
Results of G a r s i a et al. (2003) and A v a n t a g g i a t o et al. (2005)
showed that most of the tested adsorbents are not able to bind Fusarium
mycotoxins. The reason for the relatively high level of T-2 adsorption was the
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fact that adsorbent of the III generation (Minazel Plus), obtained from the pro-
cessed natural zeolite with more than 80% of clinoptilolite and with balanced
ratio of cations Ca/K/Na was used in the trials. By organic modification of its
surface with surfactants (long-chain organic cations), i.e. changing of the sur-
face polarity and hydrofobicity, new active centres have been created, as
double layer of organic ligand which adsorbes not only polar, but also non-
-polar organic molecules, like T-2 toxin, while all basic characteristics of the
material were preserved (T o m a š e v i ã - Å a n o v i ã et al., 2003).

Analysing the results regarding the adsorption of T-2 toxin by esterified
glucomanane in in vitro conditions (29,76% at pH 7 and 34,84% at pH 3) si-
milar conclusion was made to that reported by R a j u and D e v e g o w d a
(2002), D a w s o n (2001) and D e v e g o w d a et al. (2004) who claimed
that, depending on the T-2 toxin dosage and duration of contact between the
adsorbent and contaminated feed, percentage of adsorbed T-2 toxin by esteri-
fied glucomanane was 15—32%. Mycosorb exerts its protective effect through
high adsorptive capacity of esterified glucomanane toward T-2 toxin and other
mycotoxins, due to its large surface — aproximately 2,2 ha/kg EGM (D e -
v e g o w d a et al., 1996).

The obtained results showed somewhat higher level of adsorption or de-
activation of T-2 toxin by Mycofix (26,06% at pH 7 and 31,20% at pH 3) as
compared to in vitro inestigations done by G a r c i a et al. (2003) who noted
3,28% T-2 adsorption by Mycofix at pH 7. Biological detoxification of myco-
toxins comes as a result of their degradation by enzymes or their biotransfor-
mation by interfering with whole microorganism cell or single enzyme system
(K a r l o v s k y, 1999). Besides enzyme or microbiological degradation of my-
cotoxins (“biotransformation") Mycofix contains adsorption component, innor-
ganic binder, while the adsorption is based on the generation of hydratic junc-
tion between the mycotoxin and the binder.
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Rezime

In vitro ispitivawem odreðivana je koliåina „slobodnog" tj. nevezanog ili
nerazgraðenog T-2 toksina tehnikom tankoslojne hromatografije (HPTLC —
High Performance Thin Layer Chromatography). Proseåne vrednosti adsorpcije
ili degradacije T-2 toksina ispitivanim adsorbentima u uslovima in vitro nisu
se znaåajnije razlikovale u zavisnosti da li je bio umešan neorganski (Minazel
plus, Mz), organski (Mycosorb, Ms) ili mešoviti adsorbent (Micofyx, Mf) i iz-
nosile su od 26,06 do 34,84%. Svi ispitivani adsorbenti su pokazali veãu spo-
sobnost adsorpcije ovog toksina u kiseloj sredini (pH 3).
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EFFECTS OF FERTILISERS ON WINTER
WHEAT INFECTION CAUSED BY FUSARIUM SPECIES

ABSTRACT: Effects of fertilisers on the grain yield (t ha—1) and the development of
mycobiota, especially of the Fusarium species, in winter wheat kernels were observed. Fer-
tilisers were applied in the following variants: T1 — 30 m3 of slurry (pre-sowing treatment)
and 25 m3 of slurry (top-dressing), T2 — 22.500 kg of manure (pre-sowing treatment) and
220 kg of urea (top-dressing), T3 — 300 kg of urea (top-dressing) and T4 — the control
without application of fertilisers.

The average wheat grain yield was the highest in the treatment T2 (6.9 t ha—1), then
in T3 (6.3 t ha—1) and T1 (6.2 t ha—1), while the lowest wheat grain yield (4.3 t ha—1) was
registered in the control (T4). Fungi of genera Alternaria (88.8—96.3%) and Fusarium
(3.7—11.1%) were mainly isolated from all wheat kernel samples collected after harvest
(T1—T4). Species of the genus Dreschlera were isolated in treatments T1 (0.3%) and T2
(0.2%). The species Stemphylium botryosum was isolated only in the treatment T1 (0.2%).
F. graminearum (3.5—10.8%) was isolated from wheat kernels in all observed treatments,
while F. sporotrichioides was isolated in treatments T1 (0.6%), T2 (0.5%) and T3 (0.3%).
F. poae (0.3%) and F. subglutinans (0.2%) were isolated in the treatment T2, while F. gra-
minearum was predominantly present in treatments T3 (10.8%), T1 (8.7%) and T2 (7.8%),
and in the control T4 (3.5%). The obtained results point out that the application of urea
affected the decrease in the intensity of Alternaria species infestation, but it also affected
the increase of frequency of Fusarium species, especially F. graminearum, in comparison
with the control and other treatments. Negative correlation was registered between the grain
yield and the intensity of infestation of Fusarium species (collectively) and F. graminearum
(individually).

KEY WORDS: N-fertilisers, slurry, manure, urea, wheat, yield, Fusarium, incidence

INTRODUCTION

Fusarium head blight (FHB) or scab, caused by Fusarium graminearum
Schwabe (teleomorph: Gibberella zeae (Schw.) Petch) is one of the most deva-
stating diseases of wheat, barley and other cereals worldwide. The disease re-
duces grain yield through a number of ways including floret sterility, poor
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seed filling and reduced seed size (S u b e d i et al., 2007). The infection does
not only reduce yield as a result of shrunken kernels, but also reduces milling
and malting quality and contaminates kernels with mycotoxins. Mycotoxins
are hazardous to animal and human health. Therefore, guidelines and legisla-
tion are already in place, or under consideration, in most countries to protect
consumers and animal welfare. As fusarium mycotoxins are produced within
the growing crop, it is important to understand how cropping practices affect
mycotoxin contamination of kernels. The evidence is provided to show the im-
portance of a choice of cultivar, crop rotation, soil cultivation, fertiliser and
the chemical and biological control of insects, weeds and fungi.

Due to the development of FHB in Serbia in years favourable for such
development, as it was in 2005, the wheat grain yield loss can vary from 1.8%
to 38.3%, or it is, on the average, lower by 6.9%, depending on the reaction of
wheat varieties to FHB and environmental conditions at the site of observa-
tions (L e v i ã et al., 2008).

Cropping practises can also influence susceptibility to the disease. The
type and application rates of fertilisers, especially nitrogen (N), can affect the
disease incidence and severity in some crops for some pathogens, although it
is difficult to make generalisations (R e i d et al., 2001). The nutrients in both
inorganic and organic fertilisers are able to cause the incidence and severity of
biotic plant diseases, pest and weed populations and their impact on the crop.
The majority of information on this aspect deals with the effect of nutrients
via plant. Individual elements have different roles; in general, it can be stated
that they change the losses caused by pests by influencing plant resistance,
alter the plant growth and in this way they change the microclimate in the
stand. The increased nutrition used to be prescribed as the first measure to
control plant diseases. The most important aspect of this is an increase in the
ability of a crop to compensate losses. The effect of individual nutrients is
very complex — the severity of one plant disease can be decreased, while that
of others can be increased (V e v e r k a et al., 2007).

As it is important to understand the effect of fertilisation on the presence
of the casual organism of head blight of wheat, the objective of the present
study was not only to observe the effects of fertilisers on the frequency of
pathogenic fungi, especially Fusarium species in wheat kernels sampled after
harvest, but also to record wheat grain yield under the same conditions of fer-
tilising.

MATERIALS AND METHODS

The trial wheat field was set up in 2007 on chernozem soil at the Institute
for Animal Husbandry, Belgrade, Serbia. The winter wheat variety Pobeda was
sown in a field that had previously been sown with maize. The experiment
was set up according to the randomised complete block design with three re-
plications. The fertiliser was applied prior to sowing in autumn 2007 and in
top-dressing in spring 2008. The following four treatments were observed:

T1 — 30 m3 of pig slurry, in the pre-sowing treatment and 25 m3 of pig
slurry in top-dressing;
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T2 — 22.500 kg sheep and dairy manure, in the pre-sowing treatment
and 220 kg of urea in top-dressing;

T3 — 300 kg of urea in top-dressing;
T4 — control without application of fertilisers.
The wheat grain yield at 10.7% moisture and the incidence of Fusarium

species in wheat kernels at three fertiliser rates with a different N source,
beside the control (without fertiliser) plots, were investigated. A total of 2400
wheat kernels, 600 kernels per a treatment, were observed in regard to the pre-
sence of pathogenic fungi species, especially of the genus Fusarium. After a
superficial disinfection in sodium hypochlorite, wheat kernels were placed on a
2% agar surface, 10 kernels per Petri dish, and incubated for 7—10 days at
temperature of 25°C. According to the methods developed by B u r g e s s et
al. (1994) and W a t a n a b e et al. (1994), fungi genera were determined with
a special focus on the determination of species of the Fusarium genus. The
wheat grain yield (t ha—1) was determined at harvest.

RESULTS AND DISCUSSION

The highest wheat grain yield (6.9 t ha—1) was recorded when manure
and urea were applied in the pre-sowing treatment and top-dressing, respec-
tively, and then when plants were treated with urea in top-dressing (6.3 t ha—1)
or when slurry was applied as a split application (pre-sowing treatment and
top-dressing) (6.2 t ha—1). The grain yield obtained in the control (without fer-
tilisers) amounted to 4.3 t ha—1, which is statistically significantly lower than
the yields obtained in treatments with fertilisers (Table 1).

Tab. 1 — Wheat grain yield (t ha—1) in treatments with different fertilisers (T1—T4)

Treatmentsa Yield (t ha—1)

T1 6.2**
T2 6.9**
T3 6.3**
T4 4.3**

LSD0.05 1.165
LSD0.01 1.765

a T1 = 30 m3 and 25 m3 of pig slurry ha—1, pre-sowing treatment and top-dressing, respectively;
T2 = 22.500 kg cattle manure and 220 kg urea ha—1, pre-sowing treatment and top-dressing,
respectively; T3 = 300 kg urea ha—1, top-dressing; T4 = no fertilisers applied.

The microbiological analysis of kernels collected in the wheat plots trea-
ted with different fertilisers showed a high presence of Alternaria (88.8—
96.3%) and a relative by high presence of Fusarium (3.7—11.1%) in all inve-
stigated treatments (T1—T4). The presence of Fusarium spp. was three-fold
higher in all observed treatments than in the control treatment. The low pre-
sence of Dreschelera spp. in the treatments T1 (0.3%) and T2 (0.2%) and
Stemphylium botryosum in the treatment T1 (0.2%) were determined (Table 2).
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Tab. 2 — Frequency (%) of fungal species in wheat kernels in all investigated treatments
(T1—T4)

Fungal species
Treatmentsa

T1 T2 T3 T4

Alternaria spp. 90.2 91.0 88.8 96.3
Dreschlera spp. 0.3 0.2 — —
Fusarium spp. 9.3 8.8 11.1 3.7
Stemphylium botryosum 0.2 — — —

a T1 = 30 m3 and 25 m3 of pig slurry ha—1, pre-sowing treatment and top-dressing, respectively;
T2 = 22.500 kg cattle manure and 220 kg urea ha—1, pre-sowing treatment and top-dressing,
respectively; T3 = 300 kg urea ha—1, top-dressing; T4 = no fertilisers applied.

The following four species of the genus Fusarium were identified: F. gra-
minearum Schwabe, F. sporotrichioides Sherbakoff, F. poae (Peck) Wollen-
weber and F. subglutinans (Wollenweber & Reinking) Nelson, Toussoun &
Marasas. Of the four identified Fusarium species, F. graminearum was the
most frequent in all the investigated treatments (3.5—10.8%), followed by
F. sporotrichioides in the treatments T1 (0.6%), T2 (0.5%), and T3 (0.3%) and
F. poae (0.3%) and F. subglutinans (0.2%) in the treatment T2. F. graminea-
rum was mainly present in the treatment T3 (10.8%), followed by T1 (8.7%)
and T2 (7.8%) and its lowest presence was detected in the treatment T4
(3.5%) (Table 3).

According to the results obtained by S t a n k o v i ã et al. (2007), myco-
biota of fungi of genera Alternaria and Fusarium are highly frequent in wheat
kernels and F. graminearum has the highest frequency. According to data of
L e m m e n s et al. (2004) and H e i e r et al. (2005) nitrogen fertilisation
significantly increased the FHB severity and amounts of mycotoxin deoxyni-
valenol (DON) in winter wheat.

Tab. 3 — Frequency (%) of Fusarium species in wheat kernels in all investigated treatments
(T1—T4)

Fusarium spp.
Treatmentsa

T1 T2 T3 T4

F. graminearum 8.7 7.8 10.8 3.5
F. poae — 0.3 — —
F. sporotrichioides 0,6 0.5 0.3 —
F. subglutinans — 0.2 — 0.2

a T1 = 30 m3 and 25 m3 of pig slurry ha—1, pre-sowing treatment and top-dressing, respectively;
T2 = 22.500 kg cattle manure and 220 kg urea ha—1, pre-sowing treatment and top-dressing,
respectively; T3 = 300 kg urea ha—1, top-dressing; T4 = no fertilisers applied.

This study shows that the application of nitrogen fertiliser (urea) also
significantly affected the increase of the intensity of incidence of the Fusarium
species, particularly of F. graminearum.
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CONCLUSIONS

The application of nitrogen organic (slurry and manure) and mineral ferti-
lisers (urea), individually or in a combination, affected the following:

— the increase of the wheat grain yield in treatments with fertilisers
from 2.0 (T3) to 2.6 t ha—1 (T2) in relation to the control (T4);

— the intensities of infestation of species of the genus Fusarium in treat-
ments with urea (T3), which were higher by 7.4, 2.4 and 1.8% than in treat-
ments T4, T2 and T1, respectively;

— the intensity of infestation of species of the genus Alternaria in the
treatment T3 (urea), which was lower by 7.5, 2.2 and 1.4% than in treatments
T4 (control), T2 (manure + urea) and T1 (slurry, split application), respec-
tively;

— the intensity of infestation of F. graminearum in the treatment T3
(urea), which was higher by 7.3, 3.0 and 2.1% u than in treatments T4, T2 and
T1, respectively.

Obtained results indicate a negative correlation between the grain yield
and the intensity of infestation of species of the genus Fusarium (collectively)
and F. graminearum (individually).
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UTICAJ ÐUBRIVA NA INFEKCIJU ZRNA OZIME PŠENICE
FUSARIUM VRSTAMA

Vesna S. Krwaja1, Jelena T. Leviã2,
Zorica D. Nešiã1, Slavica Ÿ. Stankoviã2

1 Institut za stoåarstvo, Auto-put 16, 11080 Beograd, Srbija
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Rezime

U radu je prouåavan uticaj ðubriva na prinos zrna (t ha—1) i razvoj miko-
biote zrna ozime pšenice, posebno vrsta roda Fusarium. Ðubriva su primewena
u sledeãim varijantama: T1 — 30 m3 (predsetveno) i 25 m3 osoke (u prihrawiva-
wu), T2 — 22.500 kg stajwaka (predsetveno) i 220 kg uree (u prihrawivawu), T3
— 300 kg uree (u prihrawivawu) i T4 — kontrola bez primene ðubriva.

Primena azotnih organskih (osoka i stajwak) i mineralnih ðubriva (urea),
pojedinaåno ili u kombinaciji, uticala je na:

— poveãawe prinosa zrna pšenice u tretmanima s ðubrivima od 2.0 (T3)
do 2.6 t ha—1 (T2) u odnosu na kontrolu (T4);

— veãi intenzitet napada vrste roda Fusarium u tretmanu sa ureom (T3) za
7.4, 2.4 i 1.8% u poreðewu s tretmanima T4, T2 i T1;

— mawi intenzitet napada vrste roda Alternaria u T3 tretmanu (urea) za
7.5, 2.2 i 1.4% u odnosu na tretmane T4 (kontrola), T2 (stajwak + urea) i T1
(osoka, dvokratna primena);

— veãi intenzitet napada F. graminearum u tretmanu sa ureom (T3) za 7.3,
3.0 i 2.1% u poreðewu s tretmanima T4, T2 i T1.

Dobijeni rezultati ukazuju na negativnu korelaciju izmeðu prinosa zrna i
intenziteta napada vrsta roda Fusarium (zbirno) i F. graminearum (pojedinaåno).
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HISTOCHEMICAL EVALUATION OF T-2
TOXIN-INDUCED CARDIOTOXICITY IN RATS:

SEMIQUANTITATIVE ANALYSIS

ABSTRACT: In this study female Wistar rats were treated with T-2 toxin (1 LD50
0.23 mg/kg sc) and sacrificed on days 1, 3, 5, 7, 14, 21, 28 and 60 after the treatment. Con-
trol groups of rats were treated by saline (1 ml/kg 0.9% NaCl). At each time-schedule, con-
trol groups of animals were sacrificed, too. Pathohistological alterations of the heart were
evaluated in whole visual fields stained by haematoxylin and eosin (HE), periodic acid-
-Schiff's (PAS), Masson-Trichrom's (MT) and Giemsa (GIM) methods. The changes ob-
served were scored by using semiquantitative grading scale. The heart alterations detected
in T-2 toxin-treated animals ranged from focal parenchymal or hyaline degeneration (HE =
2.5 — 4.0; p < 0.05 vs. control) to diffuse necrosis of muscle cells (HE = 5.0; p < 0.05 vs.
control and 1st day after T-2 treatment). The myofibrils were slightly PAS-positive during
the first week of the study (PAS = 2.0 — 3.2; p < 0.05 vs. control and 1st day after T-2
treatment), while a diffuse distribution of glycogen granules in endo- and perimisium were
observed from day 21 to 60 in the whole heart' tissue (PAS = 4.0; p < 0.05 vs. control and
1st day after T-2 treatment). Massive hemorrhagic foci associated with diffuse accumulation
and degranulation of MCs were the most intensive from day 28 to 60 of the study (MT =
5.0; p < 0.05 vs. control and 1st day after T-2 treatment). During the whole study period,
irregular distribution of glycogen granules, intensity and total number of haemorrhages were
in correlation with the degree of heart structural lesions, which showed the higest coeffi-
cient of correlation (r = 0.8750; p < 0.001). Our results indicate that basic histohemical
methods can be a useful tool for evaluation of T-2 toxin-induced cardiac damage, which is

67



probably a result of complex inflammatory mechanisms, eventually leading to vascular le-
sions and myocardial necrosis, as well as for some potential cardioprotectors in the future.

KEY WORDS: T-2 toxin, Rats, Cardiotoxicity, Pathohistology

INTRODUCTION

Administration of T-2 toxin to various animals produced the signs of a
shock-like syndrome characterised by massive haemorrhages, immunological
failure, cardiomyopathy and death (Anonymous, 2003). The exact causal me-
chanism of T-2 toxin-induced cardiomyopathy remains unclear. Many investi-
gators consider its cardiotoxic effects just as results of particular myocardial
structural alterations, capillary damages, haemorrhages and a focal accumula-
tion of inflammatory cells (B o r i s o n et al., 1991; J a ã e v i ã, 2005). Its
toxic effects on the plasma membrane caused an increase of membrane per-
meability, which eventually led to irreversible cell injury (S h e r m a n et al.,
1987). T-2 toxin also has profound effects on ribosome, sarcoplasmatic reticu-
lum functions and mitochondrial respiration (F e u r s t e i n et al., 1985; U e n o,
1984; P e s t k a et al., 2004; S p e i j e r s and S p e i j e r s, 2004).

Some authors showed that pro-inflammatory action of T-2 toxin is pro-
bably the most important mechanism of its acute cardiotoxicity (J a ã e v i ã,
2005; N e w t o n et al., 1997; B o n d y and P e s t k a, 2000). Regarding all
these facts, it seems that T-2 toxin-induced blood vessel and myocyte damages
as a result of activation of a large number of mast cells (J a ã e v i ã et al.,
2003).

The aim of this study was to evaluate basic histohemical methods as a
useful tool for analysis of T-2 toxin-induced cardiotoxicity in rats.

MATERIALS AND METHODS

The experiment was performed on adult female Wistar rats, weighing
180—220 g (Animal House, Military Medical Academy, Belgrade). The ani-
mals were housed in plastic cages, under standard laboratory conditions (21°C,
12/12h light/dark cycle, commercial food and tap water ad libitum). In this
study rats were treated with T-2 toxin (1 LD50, 0.23 mg/kg sc) and sacrificed
on days 1, 3, 5, 7, 14, 21, 28 and 60 after the treatment. Control groups of rats
were treated with saline (1 ml/kg 0.9% NaCl). At each time-schedule, control
groups of animals were sacrificed, too. Each group consisted of 8 animals. The
study protocol was based on the Guidelines for Animal Study no. 282-12/2002
(Ethics Committee of the Military Medical Academy, Belgrade, Republic of
Serbia). T-2 toxin used in these experiments was produced under laboratory
conditions from Fusarium sporotrichoides fungi, cultivated on synthetic GPY
(glucose 5%, peptone 0.1%, yeast extract 0.1%, pH 5.4) medium. Extraction
and crude purification of the toxin were performed by filtration, while definite
purification and determination of T-2 toxin content were performed by gas
chromatography with electron capture detection (GC-ECD) (R o m e r et al.,
1987). T-2 toxin was preliminarily tested on animals in order to obtain its
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LD50 value (L i t c h f i e l d and W i l c o x o n, 1949). The hearts were excised
after sacrification, and the samples were fixed in 10% neutral formalin for 5
days. Tissue samples were dehydrated in graded alcohol, xylol and embedded
in paraffin blocks. Finally, 1-mm thick paraffin sections were stained by hae-
matoxylin and eosin (HE), periodic acid-Schiff's (PAS), Masson-Trichrom's
(MT) and Giemsa (GIM) methods. Pathohistological alterations of the heart
were analysed in whole visual fields. The changes observed were scored by
using semiquantitative grading scale (scoring scale of various myocardial lesions
by using HE, PAS and MT staining) (Table 1). The mast cells (MCs) were
counted with standard microscope.

Tab. 1 — Pathohistological grades of myocardial lesions in rats treated with T-2 toxin (scoring
scale for myocardial degenerations — HE, glycogen distribution — PAS and vascular alterations
— MT

Grade Definition

0 Normal histological structure of myofibrills

1 Mild damage — Small groups of cells with early myofibrillar loss and normal
nuclei (HE). Glicogen fragmentation (PAS). Oedema and hyperemia (MT).

2
Moderate damage — Groups of cells (more than 50%) with marked myofibrillar loss
and cytoplasmatic vacuolisation (HE). Glicogen deposit in the cytoplasm (PAS).
Small focal heamorrhages in the endomisium (MT).

3

Severe focal damage — Majority of cells with homogenisation and hyalinisation
of cytoplasm with karyopicnosis and focal accumulation of inflammatory cells (HE).
Large glicogen deposit on the pole of myocites (PAS). Thickening of blood vessels
with vacuolisation of endothelial cells (MT).

4

Severe diffuse damage — Diffuse discoidal fragmentation of citoplasm with
karyorrhexis or karyolysis and diffuse accumulation of inflammatory cells (HE).
Irregular distribution of glicogen granules in the sarcoplasm (PAS). Diffuse and
massive haemorrhages in the myocard (MT).

5 Tissue necrosis (HE). Glicogen accumulation in the endo- and perimisium (PAS).
Heamorrhagic infiltartion of the heart tissue (MT).

Statistical evaluation was performed using commercial statistical software
(Stat for Windows, R.4.5, Stat Soft, Inc., USA, 1993). In table, all results are
shown as the mean (x) � the standard deviation (SD). Comparison of data was
done by one-way ANOVA + post-hock analysis (Tuckey's test) and Pearson's
test. The differences with values of p < 0.05, p < 0.01 and p < 0.001 were
considered significant.

RESULTS

Myocardial alterations detected in T-2 toxin-treated animals ranged from
focal parenchymal degeneration (HE = 2.5; p < 0.05 vs. control) or hyaline de-
generation (HE = 4.0; p < 0.05 vs. control and 1st day after T-2 toxin treat-
ment) to diffuse necrosis of muscle cells (Table 2).
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Tab. 2 — Severity of myocardial lesions in T-2 toxin treated rats

Treatment (x ± SD)

Control (1 ml/kg sc 0.9% NaCl) T-2 toxin (0.23 mg/kg sc T-2 toxin, 1LD50)

Days HE PAS MT HE PAS MT

1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 2.5 ± 0.5 a 2.0 ± 0.5 a 3.0 ± 0.5 a
3 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 2.7 ± 0.4 a 2.5 ± 0.5 a 3.5 ± 0.5 a
5 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 3.0 ± 0.5 a 2.8 ± 0.4 a 3.5 ± 0.5 a b
7 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 3.2 ± 0.5 a 3.2 ± 0.5 a b 4.0 ± 0.5 a b

14 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 4.0 ± 0.5 a b 3.5 ± 0.5 a b 4.5 ± 0.5 a b
21 0.4 ± 0.8 0.4 ± 0.8 0.4 ± 0.8 4.5 ± 0.5 a b 4.0 ± 0.5 a b 4.5 ± 0.5 a b
28 0.4 ± 0.8 0.4 ± 0.8 0.4 ± 0.8 5.0 ± 0.5 a b 4.0 ± 0.5 a b 5.0 ± 0.5 a b
60 0.4 ± 0.8 0.4 ± 0.8 0.4 ± 0.8 5.0 ± 0.5 a b 4.0 ± 0.5 a b 5.0 ± 0.5 a b

Statistical evaluation was performed using Tuckey's test.
a — p < 0.05 vs control; b — p < 0.05 vs 1st day after treatment.
* According to scoring scale (Table 1).

Necrotic areas were most prominent in the inner part of the myocardium
and in all layers of endocardium on 28th and 60th day of the experiment (HE
= 5.0; p < 0.05 vs. control and 1st day after T-2 toxin treatment). These
myofibrils were slightly PAS-positive during the first week (PAS = 2.0—3.2;
p < 0.05 vs control), while a diffuse distribution of glycogen granules in endo-
and perimisium were observed from day 21 to 60 in the whole heart' tissue
(PAS = 4.0; p < 0.05 vs. control and 1st day after T-2 toxin treatment) (Table
2). From day 3, interstitial haemorrhages appeared uniformly in each of the
sections examined, and were located in the middle myocardial or subendocar-
dial areas. Massive hemorrhagic foci associated with a diffuse accumulation of
inflammatory cell infiltrates were the most intensive from day 28 to 60 of
study (MT = 5.0; p < 0.05 vs. control and 1st day after T-2 treatment) (Table
2). During the whole study period, irregular distribution of glycogen granules,
intensity and total number of haemorrhages were in correlation with the degree
of heart structural lesions, which showed the higest coefficient of correlation
(r = 0.8750; p < 0.001) (Table 3).

Tab. 3 — Time dependent frequency of myocardial lesions — HE, distribution of glycogen granu-
les — PAS and intensity of haemorrhages — MT in T-2 toxin-treated rats

Parameters X variable Y variable Pearson (r) Probability (p <)

T-2 (HE) Days after treatment
0—60

Myocardial
degenerations — HE 0.8750 0.001

T-2 (PAS) Days after treatment
0—60

Glycogen
distribution — PAS 0.5218 0.001

T-2 (MT) Days after treatment
0—60

Vascular
alterations — MT 0.2258 0.05

Statistical evaluation was performed using Pearson's test.

The total number of MCs had only a negative coeficient of correlation
(r = — 0.329; p < 0.01) (Table 4). The total number of all type of MCs were
the highest on the 20th day of the study (results not shown).

70



Tab. 4 — Time dependent frequency of myocardial lesions (HE) and total number of mast cells
— GIM in T-2 toxin-treated rats

Parameters X variable Y variable Pearson (r) Probability (p <)

T-2 (HE) Days after treatment
0—60

Myocardial
degenerations — HE 0.8750 0.001

T-2 (GIM) Days after treatment
0—60

Total number of
mast cells — MCs –0.3293 0.05

Statistical evaluation was performed using Pearson's test.

DISCUSSION

The present study demonstrates that the subcutaneous administration of a
single dose of 0.23 mg/kg (1 LD50) of T-2 toxin to Wistar rats results in
myocardial damage, especially in massive hemorrhagic lesions and intensive
degranulation of MCs, and provides new insights into the pathogenesis of
these alterations. Moreover, our results point to the marked complexity of the
pathogenesis of these lesions. Signs of inflammation, degeneration and rapid
loss of normal cell architecture, could be found in the heart samples of T-2
toxin treated rats stained by HE method. Similar pathohistological alterations,
vacuolisation and hyaline degeneration of myocytes with karyopicnosis, have
been reported in the heart of humans and animals during the acute T-2 toxin
poisoning (S u d a k i n, 2003; J a ã e v i ã et al., 2006). If the examination
lasted long enough, as our experiment did, for 60 days, pathohistological chan-
ges in the heart of T-2 toxin-poisoned rats ranged from hyaline degeneration
to myocardial necrosis with focal accumulation of mononuclear cells. In this
period, diffuse distribution of glycogen granules were observed in PAS-posi-
tive endo- and perimisium of the whole heart' tissue. These results suggested
that T-2 mycotoxin has a direct toxic effect on capillaries and increases their
permeability, as well as on the plasma membrane which led to irreversible cell
injury (B o r i s o n et al., 1991; J a ã e v i ã, 2005; S h e r m a n et al., 1987).
In contrast, a total number of MCs was in the correlation with cardiac da-
mages until to day 21 of the study, and could probably contribute to the vas-
cular damages and myofibrilar necrosis. Induction of necrosis by mast cells
was suggested by the findings of increased numbers of these cells and extru-
sion of their granules in areas of vascular injury as early as 24 hours after the
treatment with T-2 toxin (J a ã e v i ã, 2005; J a ã e v i ã et al., 2006). Tissue
mast cells possess granules containing substances that can have profound ef-
fects on vascular integrity. The release of inflammatory mediators (e.g., hista-
mine) and pro-inflammatory cytokines (IL-1a, IL-1b, IL-6, IL-8, and TNF-a)
by mast cells is thought to be involved in vascular permeability changes, in-
duction of leukocyte-endothelium interactions, and acute vascular inflamma-
tion (G a l l i, 1993; G a v r i s h e v a and T k a c h e n k o, 2003). Thus, it seems
likely that all of the factors cited here could contribute to the myocardial ne-
crosis and vascular lesions induced by T-2 toxin.
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CONCLUSION

Our results indicate that basic histohemical methods can be a useful tool
for evaluation of T-2 toxin-induced cardiac damage, which is probably a result
of complex inflammatory mechanisms, eventually leading to vascular lesions
and myocardial necrosis, as well as for some potential cardioprotectors in the
future. Further morphological investigations are needed in order to elucidate
further these processess.
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Rezime

U ovom radu su ispitani toksiåni efekti na srcu Wistar pacova akutno
trovanih T-2 toksinom. Ÿivotiwe, jednokratno tretirane T-2 toksinom u dozi
od 0,23 mg/kg sc (1 LD50), ÿrtvovane su 1, 3, 5, 7, 14, 21, 28. i 60. dana posle
aplikacije otrova. Kontrolne grupe ÿivotiwa tretirane su fiziološkim ras-
tvorom (1 ml/kg 0,9% NaCl) i ÿrtvovane u istim vremenskim intervalima. Pro-
cena patohistoloških promena izvršena je na uzorcima tkiva srca, bojenih
standardnim histohemijskih metodama: hematoksilin i eozin (HE), Gimza (GIM),
perjodna kiselina Schiff-ov reagens (PAS) i Masson trichrom (MT), primenom se-
mikvantitativne analize. U srcu pacova tretiranih T-2 toksinom uoåene su
promene od fokalne parenhimatozne i hijaline degeneracije miofibrila (HE
= 2,5—4,0; r < 0,05 u poreðewu sa kontrolom) do fokalne ili difuzne nekroze
mišiãnih ãelija (HE = 5,0; r < 0,05 u poreðewu sa kontrolom i 1. danom posle
aplikacije T-2 toksina). Tokom prve nedeqe ispitivawa miofibrile su bile
blago PAS-pozitivne (PAS = 2,0—3,2; r < 0,05 u poreðewu sa kontrolom i 1. da-
nom posle aplikacije T-2 toksina), dok je difuzna distribucija granula gliko-
gena u endo- i perimizijumu zapaÿena od 21. do 60. dana (PAS = 4,0; p < 0,05 u
poreðewu sa kontrolom i 1. danom posle aplikacije T-2 toksina). Masivna he-
moragiåna poqa, okruÿena mnogobrojnim inflamatornim ãelijama, naroåito su
izraÿena u periodu od 28. do 60. dana ispitivawa (MT = 5,0; p < 0,05 u poreðe-
wu sa kontrolom i 1. danom posle aplikacije T-2 toksina). Tokom celog perio-
da ispitivawa, nepravilna distribucija granula glikogena, intenzitet krvare-
wa i ukupan broj mastocita su bili u korelaciji sa stepenom ošteãewa tkiva
srca (r = 0,8750; p < 0,001). Dobijeni rezultati su potvrdili ranije iznetu tezu
da su kardiotoksiåni efekti T-2 toksina verovatno rezultat kompleksnih in-
flamatornih mehanizama.
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THE FREQUENCY OF OCCURRENCE OF AFLATOXIN M1

IN MILK ON THE TERRITORY OF VOJVODINA

ABSTRACT: Aflatoxin is one of the most common mycotoxins which can be found
in milk. It represents a natural metabolite of aflatoxin B1 that occurs as a result of animal
metabolism and the body's attempt to detoxificate it. It is excreted in milk, feces and urine
of animals that consumed contaminated feed with aflatoxin B1. The carry-over from feed to
milk depends on many factors, ranging from 0.3 to 6.2%. Aflatoxin M1 is in the first group
of carcinogens according to the IRAC classification from 2002, but it is considered to have
only 10% of carcinogenicity from its precursor aflatoxin B1. Legislation in member coun-
tries of European Union for this mycotoxin in milk intended for people is 0.05 �g/l, while
the rest of the countries that also have legislation for this mycotoxin allow the concentration
that is ten times higher, and that is 0.5 �g/l.

In this paper, we have tried to provide on insight into the quality of milk, food often
consumed by children, from the standpoint of mycotoxicology, and to compare the obtained
data with data available from literature, from countries in the region that have similar cli-
matic and agricultural conditions. From a total of 65 samples of processed milk, aflatoxin
M1 was found in 18 samples and none of the samples exceeded the level of 0.05 �g/l,
which is allowed by the legislation of the European Union.

KEY WORDS: aflatoxin M1, milk

INTRODUCTION

Mycotoxins are large group of compounds, secondary metabolites of fun-
gi, in which aflatoxins are one of the most frequent and most toxic. The first
time aflatoxins were heard about was in 1961, when Blount described Turkey
“X" disease (B l o u n t, 1961), which is now known to be caused by aflatoxin
B1 and most likely cyclopiazonic acids. Since that time, a golden era studies of
mycotoxins as possible contaminants of food for people and animals begins.
Mycotoxins rarely act acutely as toxins, and are usually found in small quan-
tities in food for people or animals. Since their action chronic in character,
they are often called the silent killers.

Aflatoxins usually generate fungi from the genus Aspergillus, most often
A. flavus and A. parasiticus. Aflatoxin M1 is 4-hydroxy derivative of aflatoxin
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B1, which occurs in the body of animals during metabolism in the liver.
Cytochrome responsible for this biotransformation is the CYP450, which is ac-
companied with two dominantly present isoforms, CYP3A4 and CYP1A2.
Both isoforms of enzyme catalyse biotransformation of aflatoxin B1 in high re-
active form of exo-aflatoxin B1 8,9-epoxide (G u e n g e r i c h, 1998), and later
in aflatoxin M1. Aflatoxin M1, according to the classification of IRAC (IRAC,
1993), was first classified in the second group of carcinogens (2B), but in the
year 2002, the same organization classified it in the first group of carcinogens
(IRAC, 2002). All aflatoxins, as well as aflatoxin M1, are very stable com-
pounds during processing and do not reduce significantly. Even more, during
the production of cheese and other milk products it comes to the multiple in-
crease of the amount of aflatoxin M1 (depending on the type of cheese coeffi-
cient the increase ranges for soft cheeses from 2.5 to 3.3, and from 3.9 to 5.8
for hard cheeses). Average consumption of milk and milk products in the Eu-
ropean Union per day is about 340 g per person, while the average consump-
tion of milk is 290 g (H e n r y S. H. et al., 2004).

It is believed that the rate of samples with aflatoxin B1, and the aflatoxin
M1 in Europe, due to climate conditions (for fungi of the genus Aspergillus,
the most appropriate regions with subtropical and tropical climate) are rela-
tively poorly represented, and that aflatoxin B1, found in food for people and
animals, comes mainly from food imported in the European countries from the
subtropical and tropical regions. However, recent data from the EFSA (Euro-
pean Food Safety Authority) publications (EFSA, 2004) raised serious doubts.
In the area of North Italy, due to unfavourable climate factors (rotation of
drought and rainy interval) and insect damage caused contamination of corn
with significant concentration of aflatoxin B1, which resulted in increased
aflatoxin M1 in milk in the amount which exceeds allowed level of 6%, and
that percentage increased to 7.3% at the end of the same year. The usual prac-
tice in the countries of the European Union is monitoring of milk and milk
products for the presence of aflatoxins M1. Legislation of this toxin in the Eu-
ropean Union is one of the most restrained legal regulations in the world and
is 0.05 mg/l (Commission Regulation (EC) N. 466/2001), while other coun-
tries that also have legislation for this mycotoxin (including Serbia) allow the
value that is ten times higher and amounts 0.5 �g/l.

MATERIALS AND METHODS

All 65 samples were taken from September to December 2008. Method
used to determine aflatoxin M1 combined clean up process with immunoaffi-
nity columns and TLC determination (G r o s s o et al., 2004; S h u n d o L.
and S a b i n o M., 2006). The milk samples were centrifuged for 15 min and
the upper fat layer was discarded. The skimmed milk (100ml) was passed
throught an immnuoaffinity column (AFLAPREPM1 R-Biopham, Rhone Ltd).
Column was washed with distillated water (40 ml). Bound aflatoxin M1 in the
immunoaffinity column was released by the elution with 2.5 ml acetonitrile-
-methanol (3:2; v/v) and 2.5 ml methanol, the elute was evaporated to dryness
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using rotary evaporator. Concentrate of AFM1 was resuspended in 1 ml aceto-
nitrile and evaporated again. The last concentrate was resuspended in 200 ml
toluene acetonitrile (9:1; v/v).

In accordance with the TLC procedure, concentrate samples from 50
and 100 ml were used and TLC plate samples were applied (TLC aluminum
sheets. 20x20 cm, Silica gel 60). The plates were developed in chlorophorm:
acetone:isopropanol (87:10:3; v/v). After the plate had dried, it was read under
long wave (366nm) light. The concentration of AFM1 was determined by ta-
king into account the spots of samples and spots of standards.

RESULTS

A total of 65 samples of commercial milk brought into the local markets
from different manufacturers (a dairy), and with different content of milk fat
(fat content of milk varied from 0.9% to more than 3.2%, depending on the
characteristics of the producer) were analysed. From a total of 65 analysed
samples, 34 samples were pasteurized milk, while the 31 samples of milk were
long-term UHT milk. In eighteen milk samples, different concentrations of
aflatoxin M1, were found while in other samples content was less than the li-
mit of detection (0.01 mg/l). None of the samples exceeded the allowed con-
centration of 0.5 �g/l, but also a single sample is not exceed allowed level by
the legislation of European Union (0.05 �g/l).

Tab. 1 — Overview of the analyzed samples of pasteurized and UHT milk

Type of milk < 0,01 mg/l od 0,0125—0,05 mg/l > 0,05 µg/l S

pasteurized 27 7 0 34
UHT 20 11 0 31

Summary 47 18 0 65
Percent 72.31 29.69 0 100

As seen in Table 1, from a total of 65 samples of analyzed commercial milk,
in 18 samples (269,69%) certain amount of aflatoxin M1 was detected (ranging
from 0.01 mg/l to 0.03 mg/l). The mean value for aflatoxin M1 was 0.014
mg/l.
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DISCUSSION

There are a lot of accessible data on the content of aflatoxin M1 in milk
and milk products from the countries of the European Union, because there are
long-term monitoring on the presence of this mycotoxin, however, there is
little or no data about this problem on the territory of Serbia or even beyond,
in the territory of former Yugoslavia. From 11,831 processed samples from the
territory of the European Union, 280 were from individual small farms, the
concentration of aflatoxin M1 in all the samples greater than 0.05 �g/l was de-
tected in only 0.06% of samples, which indicates that the incidence of this
mycotoxin are extremely low (EFSA, 2004). Countries in the region that are
not members of the EU, which implemented some kind of monitoring, have
higher values of concentration aflatoxin M1 in milk and milk products then the
member countries. In the study taken in Albania on samples of milk from indi-
vidual farms, 42% of samples had lower value then 0.05 �g/l, while 58% of
samples had higher concentrations of aflatoxin M1. Maximum concentration
found was 0.85 �g/l (P a n a r i t i, 2001). The study made in Turkey in the
UHT milk showed that 47% of samples exceeded the allowed limit of the EU.
The average value found was 0.108 �g/l (U n u s a n, 2006). We must also take
into account the data taken from the EU before introduction the regulation that
sets 0.05 �g/l as a limitin 2003. Data from work D r a g a c c i & F r é m y,
1993 in which results of 15-year observation was summarized, regarding milk
quality in France over period 1978—1992, there were two periods of high con-
tamination with aflatoxin M1 in milk, the first was 1978—1984 and another in
the winter 1988—1991 year. Very contaminated samples, were found, some of
reached 5 mg/kg aflatoxin in M1 (in the period 1978—1983). In the north of
Italy in the period of 2003 surprisingly high concentration of aflatoxin B1 in
food for feeding milk cows were found resulted in higher concentration of
aflatoxin M1 in milk (EFSA, 2004). As a result of the situation in the country,
strategy of surveillance and control was erected which is already near time-
frame and so far has given towards the good results reduction of the percentage
of contaminated samples of food and milk (D e c a s t e l l i et al., 2006). Also,
in the analysis of the results from this work, it should be noted that the sam-
ples analyzed were commercially available milk products, which means that
this milk was produced from merging milk from a large number of producers,
thus the contribution of the singular manufactures to the aflatoxin burden of
milk products was masked. It is not surprising to obtain such results, since our
previous work showed that 28% of milk samples collected from individual
forms, exceeded the maximum concentration allowed for aflatoxin M1 (P o l o -
v i n s k i et al., 2008).

CONCLUSION

Although the results presented in this paper are encouraging, from the
standpoint of mycotoxicological quality of milk in our market, it is certainly of
general interest to introduce system of regular monitoring in order to always
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have available data. The variation in the content of aflatoxin B1 and M1 are
large and depend on the year and even within one year there may be signi-
ficant variations depending on many factors. As a country which is clearly
aimed at joining, establishing systems of monitoring to achieve better food and
feed quality is a significant determinant.
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UÅESTALOST POJAVQIVAWA AFLATOKSINA M1

U KONZUMNOM MLEKU NA TERITORIJI VOJVODINE
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Rezime

Aflatoksin M1 je jedan od najåešãih mikotoksina koji moÿe da se javi u
mleku. Predstavqa prirodni metabolit aflatoksina V1 koji nastaje kao posle-
dica metabolizma ÿivotiwe i pokušaja organizma da detoksikuje aflatoksin
V1. Izluåuje se putem mleka, fecesa i urina ÿivotiwa koje su konzumirale hra-
nu kontaminiranu aflatoksinom V1, procenat prelaska zavisi od mnogobrojnih
faktora i kreãe se od 0.3 do 6.2%. Aflatoksin M1 se ubraja u prvu grupu karci-
nogena prema IARC klasifikaciji iz 2002. godine, ali se smatra da poseduje sa-
mo 10% od kancerogenosti svog prekusora aflatoksina V1. Zakonska regulativa
u zemqama ålanicama Evropske unije za ovaj mikotoksin u konzumnom mleku na-
mewenom za ishranu qudi iznosi 0.05 �g/l, dok u ostalom delu zemaqa koje pose-
duju zakonsku regulativu za ovaj toksin (u koje spada i Srbija) dozvoqena kon-
centracija je deset puta veãa i iznosi 0.5 �g/l.

U ovom radu smo pokušali da damo uvid u stawe kvaliteta mleka, kao ÿi-
votne namirnice koju åešãe konzumiraju deca, sa stanovišta mikotoksikologi-
je, i uporeðivawem dobijenih podataka sa podacima pristupaånim iz literatu-
re, iz zemaqa u okruÿewu sa sliånim klimatskim i poqoprivrenim uslovima.
Od ukupno 65 obraðenih uzoraka mleka, u 18 uzorka je pronaðen aflatoksin M1,
i ni u jednom uzorku nije premašivao dozvoqenu koliåinu po zakonskoj regula-
tivi Evropske Unije od 0.05 �g/l.
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MYCOTOXIC PORCINE NEPHROPATHY
AND SPONTANEOUS OCCURRENCE OF OCHRATOXIN
A RESIDUES IN KIDNEYS OF SLAUGHTERED SWINE

ABSTRACT: In order to find information on the occurrence of mycotoxic porcine
nephropathy in Serbia, during a six month period (2006/2007) samples of kidney from indi-
vidual healthy slaughtered pigs were collected (n=90) and analyzed by HPLC for ochratoxin
A. In addition, histological examinations were carried out. The incidence of OTA in kidney
was 33,3% and varied between 0.17—52.5 ng/g. Histopathological examination of kidneys
confirmed tubulopathies with oedema and cell vacuolization. In addition, hemorrhages and
necrosis of proximal kidney tubulesÿ cells were found. These findings indicate that it is
likely that most of the kidney injury is related to ochratoxin A and other nephrotoxic com-
pounds which enhance the toxicity of OTA.

KEY WORDS: Ochratoxin A, pig, nephropathy

INTRODUCTION

Ochratoxin A (OTA) is a nephrotoxic mycotoxin produced by several
species in the Aspergillus and Penicillium genera. It is detected widely as a
contaminant of agricultural commodities, especially cereals (20). As cereals are
widely used in animal feed, and because OTA is relatively stable in vivo,
whence it is further transmitted to animal edible tissues (8), especially in
kidney and liver. Major target for the toxicity of ochratoxin A in mammalian
species is kidney, where the toxin primarily affects the proximal convoluted
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tubules (2, 14, 17, 18). OTA has been causally associated with nephropathy in
pigs and poultry. Among farmed animals, pigs are particularly sensitive to
OTA. This mycotoxin plays a special role in the genesis of swine mycotoxic
nephropathy, a common disease in Scandinavia (10, 16, 23). It exhibits also
immunosuppressive, teratogenic, nephrotoxic and genotoxic properties in se-
veral animal species (12).

Occurrence of OTA has been recognized as a potential human health ha-
zard and OTA contamination is of public health significance since it is asso-
ciated with Balkan nephropathy, a kidney disease in humans (4) described in
several rural regions of Bulgaria, Romania, Serbia, Croatia, and Bosnia, and
associated with an increased incidence of tumors of the upper urinary tract.
However, causality has not yet been established. Special attention has been
paid to OTA since 1993, when the International Agency for Research on Can-
cer classified this toxin as a possible human carcinogen (group 2B) (24). Hu-
man exposure to OTA can occur directly by consumption of food containing
the toxin, or indirectly by consumption of animal tissue exposed to contami-
nated materials (8).

Up to now, there has been little published information on the occurrence
of porcine nephropathy and content of ochratoxin A in kidneys of Serbian
slaughtered pigs. Therefore, the aim of this paper was to evaluate the natural
occurrence of porcine nephropathy and OTA content in kidneys from healthy
slaughtered pigs originating from different regions of Serbia. Also, the purpose
of this paper is to briefly review risk assessments of OTA in order to highlight
the critical issues that these assessments have identified.

MATERIALS AND METHODS

Reagents

OTA were purchased from Sigma-Aldrich Chemie GmbH. A working
standard OTA for HPLC containing 25 ng/mL methanol was prepared daily
just before starting the injection of a series of samples. Other reagents were
HPLC grade. All other chemicals were reagent grade or chemically pure.

Sample collection

During six month period (September 2006/Februar 2007), sample of kid-
ney per animal was collected from healthy slaughtered pigs (n = 90) origina-
ting from three different regions of Serbia. Slaughtered pigs were randomly
sampled in the slaughterhouse during meat inspection, and whole kidneys were
sampled from each pig. The samples were homogenized and stored at –18°C
before analysis. No preservatives were added.

Microscopical examination: Kidney samples were fixed in 10% neutral
buffered formalin and absolute alcohol for 5 to 7 days, processed by routine
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methods, sectioned at 5—8 µm, and stained with hematoxylin and eosin (HE)
for light microscopy.

Extraction and clean-up for ochratoxin analyses

Kidney Analyses were performed by the method of M a t r e l l a et. al
(2006) (21), which briefly includes double extraction with acidic ethyl acetate.
The organic phase was removed and extracted with 0.5M NaHCO3 pH 8.4.
The organic phase was evaporated to dryness under N2 steam, reconstituted in
150 µl mobile phase and a 20 �l aliquot was injected. The detection limit for
OTA in organs was 0.01 ng/g with a 61% mean recovery from artificially con-
taminated samples at 3 ng/g.

Chromatographic conditions (HPLC)

An aliquot of 50 �l for kidneys samples were injected into Waters
Symmetry Shield RP 18, high pressure liquid chromatography column (length
and inner diameter 150x4,6 mm, particle size 5 �m, of the HPLC system
(Waters Alliance). 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. Measurements were per-
formed by fluorescence detection at wavelengths of 334 nm (excitation) and
460 nm (emission) gain 10.

Statistical analysis

Descriptive statistics of the data set were performed with a standard pro-
grammed and included arithmetic mean, standard deviation, coefficient of va-
riation, minimum and maximum. Statistical differences in the mean levels of
OTA contamination across the three groups of positive samples were deter-
mined by one-way ANOVA (p < 0.05).

RESULTS AND DISCUSSION

The incidences and mean values of ochratoxin A in swine kidney and the
results of pathomorphology examination are summarized in Table 1 and Figure
1 and 2.

Ochratoxin A in Kidney

The incidence of OTA in kidneys was 33.3% in the range 0.17—52.5
with the mean level 1.26 ng/g. The majority of samples (16.6%) contained
OTA at low levels (0.01—1.0 ng/g). The concentrations in ten samples (11.1%)
ranged between 1—5 ng/g, while ochratoxin A in five (5.5%) samples was
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greater than 5 ng/g. In regard to regional distribution of OTA, the occurrence
of OTA among the three regions whence samples were collected are almost si-
milar and varied between 26.6% (region Vladimirci) and 36.6% (region Senta
and Bogatiã) (Table 1), but the mean level of contamination is different. The
highest OTA level (52.5 ng/g, mean 2.20 ng/g), with the highest coefficient of
variation (4.33) was found in the samples originating from region Bogatiã. In
2.2% samples of kidneys, OTA levels were considerably higher and greatly
exceeded the permissible levels for this toxin established in Serbia, including
those proposed by the SCF (1998) (27), and JECFA (2001) (10 ng/g) (13).

Tab. 1 — Incidence of Ochratoxin A in kidney of slaughtered pigs

Region N n (%)
ng/g

X±Sd C.V. % Range

Vladimirci 30 8 (26.6) 0.42±1.2 2.96 0.18—6.5
Senta 30 11 (36.6) 1.14±3.3 2.89 0.17—17.0

Bogatiã 30 11 (36.6) 2.2±9.54 4.33 0.26—52.5

Total 90 30 (33.3) 1.26±5.85 4.64 0.17—52.5

N — total number of analyzed samples, n — number of positive samples, X — arithmetic mean
(conc. below LOD are regarded as zero), C.V. — coeff. of variation.

Comparison of data obtained in this trial, along with theother recently pu-
blished data for the occurrence of OTA in pig edible tissues, shows that the
found levels are comparable with levels in other European countries or Canada
(5, 7, 9, 23). The incidence of OTA in kidneys was 33.3% and almost compa-
rable with the incidence reported by Koller (1991) in Austria (41.9%) or by
Gareis and Scheuer (1999) in Germany (41.9%), and in Serbia (41.6%) (22).
The mean level (1.26 � 5.85 ng/g) was lower than those reported in Austria
(2.5 ng/g) (15) and recently published data in Serbia (3.12 ng/g) (22), but
higher then the mean level found in Germany (0.43 ng/g) (8).

Patomorphology Examination

Gross pathology

All 90 pigs were slaughtered during the study period. Kidneys submitted
to the laboratory were pale, swollen and enlarged and changed in colour from
normal mahogany to tan, as follows: 43 (47.7%) had “mottled or pale kid-
neys", 27 (30%) had enlarged kidneys and 11 (12.2%) were smaller than nor-
mal. The only macroscopic lesions observed in few cases were small grey-
-white foci on the kidney surface. No obvious difference was observed be-
tween the right and left kidney. No significant changes were seen in other or-
gans.
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Histological examination

Histological findings of renal tissues and incidence of ochratoxin A in
kidneys from slaughtered pigs are summarized in Figure 1 and 2. Histological
examination showed two types of changes: degenerative — affecting epithelial
cells in some proximal tubules of pigs, and proliferative changes in the inter-
stitium. The major renal histopathological changes were in the epithelium of
proximal tubules (Fig. 2). Dystrophy, (moderate to obvious degenerative chan-
ges, Fig. 1A), swelling, vacuolization and lipophilic degeneration, were the
main changes in the tubular epithelial cells. The majority of glomeruli exhi-
bited mild or moderate exudates in the Bowman's capsular spaces as well as
hypercellularity of vascular loops. In addition vascular changes expressed as a
hyperaemia of blood vessels, moderate to marked hemorrhages of some renal
cortical regions occurred occasionally (Fig. 1D). In the interstitium of the renal
cortical regions, there was limited proliferation of connective tissue (Fig. 1B)
and focal infiltration of mononuclear inflammatory cells which was sometimes
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Fig. 1 — Dystrophy and vacuolar degeneration in the epithelium of proximal
tubules' cells (A), Focal interstitial fibrosis (B), Necrosis of proximal tubules'

cells (C) and Hemorrhages in cortex (D)



accompanied by small granulomas. OTA analysis of the kidney samples with
degenerative changes of moderate to marked cloudy swelling revealed the inci-
dence of OTA in 32.2% samples at concentration levels up to 52.5 ng/g (Fig.
2). Additionally, vascular changes, as well as fatty changes were observed in
six kidneys of pigs in which ochratoxin A was detected up to 6.5 ng/g, while
focal interstitial fibrosis and necrosis of proximal tubules' cells were only seen
in one pig kidney in which ochratoxin A was detected up to 52.5 ng/g. The le-
sions produced by higher OTA levels were more severe and widespread, inclu-
ding degeneration, atrophy, glomerular swelling and sclerosis and interstitial
nephritis (Fig. 2).

The macroscopic and microscopic changes observed in our study were
more similar to those reported by other papers (28, 29, 30). These findings
confirm that high affinity of OTA towards serum proteins, allows its accumu-
lation in the organs of animals (11). Kidney is the main target of OTA. This
high susceptibility of kidney is, at least partly, the result of OTA-toxicokine-
tics. Renal blood flow per tissue weight is extremely high, which results in the
delivery of relativly large amounts of OTA in comparison to other organs.
Furthermore, free OTA is secreted in the proximal tubule and subsequently re-
absorbed, mainly in the proximal straight tubule, the thick ascending limb of
the loop of Henle and the collecting duct (1, 6, 25, 27). The inhibition of pro-
tein synthesis and damaged energy production in the mitochondria could be
considered as the most important factors for degenerative changes in the epi-
thelial cells of proximal tubules where ochratoxin A was detected. While agree-
ing that the most important toxicological target of OTA in a pig is kidney, the
principal descriptions of the pathology of MPN vary considerably with respect
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Fig. 2 — Summary of histological findings (PH) of renal tissues and incidence of OTA
in kidney from slaughtered pigs (n=90). Necrosis of proximal tubules' cells (1),

hypercellularity of vascular loop (2), vascular changes (3), exudates in Bowman's space (4),
focal interstitial nephritis (5), dystrophy of proximal tubules' cells (6), swelling of

proximal tubules' cells (7), renal hemorrhages (8), fatty changes of proximal tubules' cells



to some other details, and according to the dosing regime and the duration of
OTA exposure. Enlarged kidneys are indicative of renal inflammation and pro-
liferative lesions following chronic exposure to OTA (28, 30). Therefore, it
seems that MPN observed in Serbia may have a multitoxic aetiology because
it cannot be explained by the concentration of OTA alone. The lack of a
strong correlation among histopathological changes and incidence of OTA in
kidney (33.3% kidney samples were positive, at levels ranging up to 52.5
ng/g) found in our trial might thus explain the result of OTA-toxicokinetics, as
well as possible synergism between OTA and other nephrotoxic mycotoxins or
compounds which enhance the toxicity of OTA. Such synergism between
OTA and other mycotoxins under field conditions may be responsible for the
MPN in Serbia, which is associated with relatively low mean contamination by
OTA in feed. The production of multiple toxins by one or several fungi, which
is sometimes completely normal, presents a problem that has not been suffi-
ciently investigated.

However, it should be remembered that when comparing data factors
such as climate conditions during harvest, practices for grain/feed storage etc
have influence on the ochratoxin A level in edible tissues. The data obtained
in this trial show that there should be more concern for the livestock industry.
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Rezime

U ciqu sticawa saznawa o zastupqenosti mikotoksiåne nefropatije svi-
wa i uticaja OTA na vrstu i lokalizaciju patomorfoloških promena na bubre-
zima, na liniji klawa tokom veterinarsko-sanitarnog pregleda redovno zakla-
nih sviwa poreklom sa farmi iz Vojvodine i Srbije, uzimani su uzorci bubre-
ga za analizu. Tokom šestomeseånih ispitivawa ukupno je analizirano 90 uzo-
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raka bubrega zaklanih sviwa. Prisustvo rezidua OTA u uzorcima bubrega pore-
klom iz ispitivanih regiona utvrðeno je kod 33,3% ispitanih uzoraka, u koli-
åini od 0,17 do 52,5 ng/g. Zastupqenost rezidua OTA bila je najveãa u uzorcima
bubrega poreklom sa lokaliteta Senta i Bogatiã (36,6%), dok je najveãi prose-
åan sadrÿaj rezidua OTA (–2,2 �g/kg) utvrðen u uzorcima bubrega poreklom sa
lokaliteta Bogatiã. Patohistološkim pregledom bubrega najåešãe su utvrðene
tubulopatije sa edemom i vakuolizacijom ãelija. Takoðe, utvrðene su hemoragije
i nekroza ãelija proksimalnih bubreÿnih tubula.
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MYCOTOXINS IN WINE WITH SPECIAL ATTENTION
ON OCHRATOXIN A

ABSTRACT: Wine quality is a complex, multi — layered conception consisting of
numerous factors such as sensory characteristics, chemical composition, legislation, market
— consumer, with hygienic — toxicological factor being of special importance due to
growing demands for health safe foods. This paper shows the results of studies carried out
up till now concerning the mycotoxins in wine (Aflatoxins, Trichothecens, Patulin), with
special attention paid to ochratoxin A, most frequently present in grapes, must and wine,
and to the influence of certain technological operations and processes during wine making.
Due to its high toxicity, the presence of ochratoxin A has been limited to 2 �g/l by EU EG
regulation 123/2005.

KEY WORDS: wine quality, mycotoxins, Ochratoxin A

INTRODUCTION

During the last fifteen years, there has been a constant interest in the
quality of food products, so wine is also often the subject of expert — scienti-
fic discussions. Wine quality is a very complex and multy — layered concept,
considering the numerous factors it comprehends. Total wine quality, as an in-
tegral concept represents overall of individual qualities, and their exact deter-
mination is the only way for their comprehension and evaluation. It could be
said with certainty that wine quality factors are its sensory characteristics, che-
mical composition, hygienic — toxicological, market — consumer factors, as
well as legislation. Some of these factors, such as chemical composition and
hygienic — toxicological represent so called “internal" quality, while sensory
characteristics represent “external" quality perceived by senses. Apart from
these, which can not be separated from wine, there are factors that do not par-
ticipate directly in the structure of total wine quality, but show an indirect in-
fluence (J o v i c, S., 1993; J o v i c, S., K o v a c, V., 1995).
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With emphasised demands for health — safe food, meaning the absence
of undesirable compounds and pollution agents, hygienic — toxicological
quality factor is gaining importance. Some pollution agents get into wine from
the outside (heavy metals, pesticides, radionucleides), while certain undesirable
compounds are a consequence of activity of yeasts, bacteria or mould on gra-
pes or in must and wine (biogenic amines, ethylcarbamate, higher alcohols,
methanol and mycotoxins). Therefore, it is a constant obligation of wine pro-
ducer to enrich wine with compounds that have positive influence on health
and prevent formation of the harmful ones, by applying current scientific
knowledge. Having this in mind, it is also a constant task of oenology to esta-
blish possible presence of certain mycotoxins in wine, stop their occurence in
wine and find the way to reduce their quantity below the allowed maximum.
This is, at the same time, an effort to ensure the wine keeps its epithet “The
healthiest and most hygienic drink" given by the famous French chemist and
biologist Luis Pasteur.

BASIC FACTS ON MYCOTOXINS

Mycotoxins are secondary products of mould metabolism that are toxic
for humans, animals and plants in very small quantities, but not for micro —
organisms that produced them. They are mainly low molecule, thermo — sta-
bile compounds which, by their chemical disposition, belong to various groups
of compounds. Some mycotoxins remain in mould mycelium as endotoxins,
while others, such as ectotoxins, get discharged into the surrounding environ-
ment. Unlike toxins of higher plants, for a long time there has been little
knowledge about mycotoxins as toxic products of hiphomycetes. Although, as
far as 1980, Japanese pathologists had the knowledge about certain species of
Penicillium that appeared on rice and produced harmful for humans. It was not
until the discovery of aflatoxins in 1960. that the studies on mycotoxins started
to get into full swing. Certain mycotoxins differ, among other things, in de-
monstrating acute or chronic toxicity. The chronic one shows carcinogenic,
mutagene and teratologic actions. Diseases caused by mycotoxins are called
mycotoxicosis (M ü l l e r, 1983). From about 300 known mycotoxins the most
important are: aflatoxins, citrinin, patulin, ochratoxin A, fumonisin, trichohe-
cene (dezoxynivalenol, nivalenol, T2 — toxin, HT2 — toxin) and zearalenone.

Mycotoxins can appear on plants and their yield, prior to harvest or after
it, if the storage conditions are bad. Foodstuffs can get contaminated by
mycotoxins during different phases of food chain if mould of species Aspergil-
lus, Fusarium and Penicillium appear and multiply, as they are considered to
be the main producers of mycotoxins. Some estimates show that as much as
25% of world products of plant and animal origin is contaminated with mould
so, apart from the economic losses, there is always a danger of intoxication
with mycotoxins.

First studies on mycotoxins in oenology dealt with aflatoxins at first, and
then with patulin and trichotecene, but, since 1996, they have been focused
mainly on ochratoxin.
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FORMER STUDIES ON MYCOTOXINS IN OENOLOGY

Aflatoxins were the first mycotoxins in oenology to be studied, most
probably because they are the most toxic ones, and their analytic proving
methods were the first to be developed. Aflatoxins (B1, B2, G1 and G2) are
produced exclusively by mould Aspergillus flavus and Aspergillus parasiticus
types which require higher temperature and air humidity for their development.
Aflatoxin B1 is the main toxin which often appears together with B2 or those
from G group. The food most frequently contaminated by aflatoxins is: pea-
nuts, hazelnuts, almonds, pistachios, wallnuts, dried fruits and spices. If stock
— feed contains these toxins, aflatoxin M1 can be found in milk and milk pro-
ducts. Aflatoxin B1 is one of the strongest carcinogenes which causes liver tu-
mor. In comparison to B1, aflatoxin M1 is somewhat less toxic and has far less
influence on appearance of cancer.

At first, S c h u l l e r et al. (1967) made tests with 33 types of wine and
aflatoxin content that was under 1 �g/l was found in two samples, but accord-
ing to F r a n c and E y r i c h (1968) some other compounds, with their fluo-
rescence can simulate the presence of aflatoxins. R a d l e r and T h e i s
(1972) analised 215 samples of mouldy grapes and did not find Aspergillus
flavus, mould that produces this toxin in any of them. D r a w e r t and B a r -
t o n (1974) did not find aflatoxins in 17 white wines from Rheinpfalz, neither
did L e m p e r l e et al. (1975) in 150 samples of Baden wines from 15 diffe-
rent vintages.

According to the former researches, aflatoxins have not been found on
healthy or mouldy grapes, nor on grapes with noble rot (Botrytis cinerea).
Also, their presence has not been proved in wines of all quality categories, in
marc or enzyme preparations used in wine technology.

Patulin is a toxin that originates as a secondary product of metabolism
of mould Byssochlamys nivea, B. fulva, Penicillium urticae, P. expansum,
P. chrysogenum, Aspergillus clavatus, A. terreus and others. These moulds can
be found on cereals, in bakery and meat products. Patulin can be found,
relatively often, on fruit infected with P. expansum (Brown rot), and, unless
rotten fruit is removed, it can be found in fruit mash and juices. It can be
found mainly in apple juice, which results in poor quality and bad technology
in juice production.

In must, obtained from grapes infected with mould, originating from Ca-
nada, S c o t t et al. (1977) have found patulin in quantities 30 �g/l to 4,5
mg/l, while patulin was not present in wines obtained from the sam must.
A l t m a y e r et. al. (1982) have tested 64 samples of must from Rheinpfalz,
and 22% of the samles contained patulin in quantities below 50 �g/l, while
16% of the samples contained 50 �g/l and more, with the highest value being
280 �g/. M o r t i m e r et al. (1985) have tested 13 samples of white and red
grape juice and no contamination with Patulin was found at detection limit of
5 �g/l. During alcohol fermentation, decomposition of Patulin occurs faster at
higher temperatures. So, W o l l e r and M a y e r u s (1986) established that
fermentation at 17°C completely decomposes 1000 �g/l of Patulin in three
days, at 13°C in seven days, while at 8°C two weeks were necessary for its
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complete decomposition. Patulin has inhibitory effect on numerous types of
microorganisms, which is why it was studied as antibiotic at first, but due to
its high acute toxicity for humans, animals and plants it is classified as
mycotoxin. It does not show carcinogenic effect, but damages DNA and in-
activates enzymes with SH group.

Chemically, Patulin is anhidro-3-hydroxymethilen-tetrahydro-1,4-piron-2-
-carboxyl acid. At pH between 3,0 and 6,5 it is stable, and at higher pH values
lactonic ring opens and toxicity disappears. Having in mind its decomposition
during alcohol fermentation, there is very small possibility of its occurrence in
wine.

Trichothecenes include about 100 mycotoxins produced by Fusarium.
These toxins have very wide spectrum of biological effects: phytotoxic, insec-
ticide, fungicide, antiviral and cytotoxic, and toxicity is demonstrated by inhi-
bition of protein biosynthesis in cells of mammals. Poisoning with trichothe-
cens provokes damage of bone marrow, small intestine, lymph system, heart
muscle etc.

It could be said that the presence of these toxins on grapes, in must and
wine has not been systematically analised. Trichothecium roseum is another
mould that causes bitter rot on apples, while on grapes, it appears as a secon-
dary infection, after Botrytis cinerea. It is able to produce mycotoxins tricho-
thecenes, trichotecolon, and rosenon (F l e s c h et al., 1986). Already in quan-
tity of 2,1 mg/l trichothecene can inhibit alcohol fermentation during which it
remains unchanged (S c h w e n k and A l t m a y e r, 1985).

OCHRATOXINS

Ochratoxins isolated in South Africa in 1965. were cyclic penthadicetides,
i.e. derivatives of dihydroxyisocumarine tied to L-phenylalanine. Apart from
ochratoxin A (OTA), which is the most important due to its toxicity, there is
ochratoxin B, derivative of ochratoxin A that does not contain chlorine, as
well as ochratoxin C which is ethylester of ochratoxin A. Bruto formula OTA
is C20H18ClNO6, molecul substance 403,8, chemical term (7-(L-b-phenyl-ala-
nyl-carbonil)-carboxyl-5-chloro-8-xydroxi -3,4-dihydro-3R-methylisocumarin).

Ochratoxin A is produced by Aspergillus and Penicillium species of mould.
Production of this mycotoxin was initially established with species Aspergillus
ochraceus, later or also with A. melleus, A. muricatus, A. petrakii, A. sclerotio-
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rum and A. sulphureus, A. albertensis and A. alliaceus (V a r g a et al., 2001).
A. glaucus, A. sydowii and A. repens have also been identified as OTA produ-
cers, by the same authors. Furthermore, it has been established that OTA is a
metabolite of certain species of Nigri section such as A. niger, A. carbonarius,
A. awamori and A. foetidus. Some species of Penicillium also produce OTA,
of which the best known are P. verrucosum and P. veridicatum. The stated
moulds have been isolated from various cereals and their products, and can be
found in coffee, meat, cheeses, beer, fruit juices, grape juice and wine.

The tests have confirmed that OTA has nephrotoxic and hepatotoxic ef-
fect causing kidney and liver cancer. OTA is also connected to the already
known Balkan endemic nephrophathy and appearance of tumors in human
urinary tract. This mycotoxin has genotoxic, immunotoxic, teratogenous and
neurotoxic effect. International Agency for Cancer Research (IARC) has pla-
ced OTA into B2 group, i.e. among substances potentially carcinogenic for hu-
mans. Taking into consideration that, according to the evaluations of Codex
Alimentarius Commission (1998) about 15% of total daily OTA quantity en-
ters organism through wine, EU Regulations Commission (EC 123/2005) has
limited maximum OTA content in wine and grape juice to 2,0 ng/ml.

Ochratoxin A on grapes, in must and wine in the first 20 samples of sul-
tanas from Retail network were analysed in Great Britain (M a f f, 1997) and
88% of the samples contained OTA ranging from 0,2 to 53,6 �g/kg. In France,
a research was carried out with 373 samples of grape cultivars Carignan,
Syrah, Suvignon and Muscat with regard to the appearance of mould after
bunch closure, during veraison and during harvest (R o u s s e a u, 2001). Mould
contamination of grapes was growing with the development of grapes, and du-
ring veraison only 10% of mould produced OTA, and 47% in full ripeness.
Out of the identified OTA that produced moulds, 96% belonged to Aspergillus
species, of which 95% belonged to A. carbonarius and 1% to A. niger, while
about 4% was of Penicillium species.

Z i m m e r l i and D i c k (1995) were the first ones to report the exi-
stence of OTA in wine and the found quantities ranged from 10—20 ng/l. In
their next paper published in 1996, the authors reported the results of more de-
tailed research on OTA in wine. They analysed 118 table wines and 15 special
wines sampled from Swiss retail network and found OTA content of about 3
to 388 ng/l, of which the average value for five dessert wines was 337 ng/l.
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From the obtained results, it can be concluded that bigger contamination was
found in red wines, particularly those originating from South Europe and
North Africa. M a y e r u s and O t t e n d e r (1996) analysed 114 wines and
found median of OTA concentration of 7 ng/l for white and 200 ng/l for red
wine. The highest content of 1850 ng/l was found in red wine from Algeria
which is in agreement with the opinion of former researchers that more
frequent appearances of OTA and higher concentrations are typical for wines
from Mediterranean basin. In Great Britain 10 samples of red wine have been
analysed (M a f f, 1997) and OTA concentrations were more than 20 ng/l in all
samples, the highest level of concentration being 1100 ng/l.

According to the data from literature, mean OTA values in red wines ran-
ged from 0,039 �g/l (Z i m m e r l i and D i c k, 1996) to 1802 �g/l (C e r -
r u t i et. al., 2000) and were very close to those in rose wines with range
from 0,025 �g/l (Z i m m e r l i and D i c k, 1996) to 1348 �g/l (C e r r u t i et
al., 2000). These average values are somewhat higher than those found for
white wines that ranged from 0,011 �g/l (Z i m m e r l i and D i c k, 1996) to
0,535 �g/l (V i s c o n t i et al., 1999). M a y e r u s et al. (2000) are of opi-
nion that different OTA concentrations in white, rose and red wines are caused
by the method used in the production of these wines.

D o m i j a n and P e r a j i c a (2005) analysed OTA content in 7 white
and 7 red wines produced in Croatia. In red wines, OTA level ranged from
12—47 ng/l and in white wines, from 15—22 ng/l. Three white wines from
the north (continental Croatia) did not contain OTA, while all those origina-
ting from the southern Croatia did contain OTA.

As for OTA content in must, i. e. grape juice, Z i m m e r l i and D i c k
(1996) analysed 8 samples of red and 3 samples of white commercial must
and established median of OTA content of 116 ng/l for all samples, while for
the samples of red juice only, it was 235 ng/l. M a y e r s and O t t e n d e r
(1996) analysed 20 samples of grape juice and established median of 1800
ng/l for red grape juice, while the highest content was 4700 ng/l. A b r u n -
h o s a et al. (2005), in eight independent experiments, after crushing of gra-
pes, found OTA content in juice that was 59% � 14 from the total concentra-
tion existing on grapes.

MEASURES FOR PREVENTING OTA APPEARANCE IN WINE
AND POSSIBILITES OF ITS REMOVAL

If measures for prevention of OTA appearance, or its appearance in wine,
are taken into consideration, they are primarily related to the production of
grapes and are carried out all the way from planting of vineyard to harvest. As
for wine production, one should know which operations in primary processing
can contribute to wine contamination with this mycotoxin, as well as which
treatments can reduce its content in wine.

When more important factors significant for OTA occurrence on grapes
are considered, it is necessary to identify the types and species of mould
existing in particular wineyard region. Moreover, information on microclimate
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and technology of vine cultivation are also very important. Vine growers
should be informed about the risk of appearance of moulds and mycotoxins on
grapes, and measures of prevention in vinegrowing. Apart from avoiding the
terrain with higher relative humidity for planting vineyard, a direct contact of
grape clusters with soil should also be avoided, and a good control of pests
and vine diseases provided. Great help in prevention of OTA can be a choice
of particular clones within some cultivars which are more adaptable under gi-
ven ecological conditions and less susceptible to mould development. Apart
from suitable vine protection programme it is also necessary to pay attention
to leaf substance — grapes relation which is closely related to the application
of nitrogen fertilizers, since they can stimulate excessive growth of vine. Du-
ring ripening of grapes, works in vineyard should be avoided or brought to a
minimum, in order to prevent moulds from the soil to reach the grapes. In the
case of irrigation, it should be done evenly, in order to avoid the breaking of
berries and mould development. Marc, which is a secondary product of wine
production from grapes, should not be used for fertilizing vineyard if it is con-
taminated with OTA producing moulds. Defoliation in grape zone during the
ripening phase enables better ventilation which reduces the risk of mould ap-
pearance. Necessary measures should be taken to prevent grape berry damage
by insects (grape moth, wasps), various diseases and pests. If necessary, the
registred programmes of protection against mould should be applied by using
corresponding management in order to avoid the occurrence of resistence in
mould.

If grapes are moderately contaminated with toxicogene moulds, they
should be removed before or during harvest. The existence of inspection line
is useful in winery where the grapes are placed upon reception, and damaged
and mouldy bunches removed. Transportation of grapes to winery, after the
harvest, should be carried out in the shortest time possible. Vessels (containers)
used for transportation of grapes should be properly cleaned after each use.

Grapes significantly contaminated with mould cannot be used for pro-
duction of rectified concentrated must (RTK) or wine for human consumption,
but only for wine used for distillation.

In case of OTA contaminated grapes, certain operations and processes in
technological procedure of grape processing are somewhat modified, or com-
pletely eliminated. So, for example, thermic treatment of marc and its pro-
longed maceration should be avoided, and straining of the same carried out at
smaller pressures with compulsory avoiding of strainers with continuous work.
In case of OTA contaminated red grapes, it is necessary to appraise possibility
of producing rose wine. Application of pectolytic enzymes should be avoided
as well, since maceration action increases must yield, spreads extraction of
phenol compounds from skins, but also increases OTA content in wine. In
production of white wines, purification of must by filtering, centrifuging or
flotation is recommended. In the cases where there is a risk of OTA contami-
nation, measuring of its content in must is recommended, as well as the treat-
ment with the lowest effective doses for its removal without lossing aromatic
substances and phenol compounds. Alcohol fermentation should last as long as
possible using yeast with good adsorption characteristics in regard to OTA.
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Apart from wine yeast, partial reduction of OTA can be also achieved by
means of suitable preparation of lactic acid bacteria which displays good ad-
sorption with regard to OTA. After alcohol fermentation, aging of wine on
yeast reduces OTA level, but it is necessary to have in mind the possible in-
fluence of this on wine quality. Organic and inorganic clarification substances
have different adsorption with regard to OTA. Some preparations based on
cellulose, as well as on silica gel combined with gelatin, are capable of partial
reduction of OTA content in wine, but active oenology coal, by itself or in
combination with other means, displayed the best efficiency in that respect.

A b r u n h o s a et al. (2005) found that OTA content diminishes during
alcohol fermentation, and if malolactic fermentation is carried out as well,
OTA content in wine is about 32% in relation to the quantity found in grapes.
Considerable quantity of OTA, 50% � 10,3, was found in lees after completion
of alcohol fermentation. Addition of OTA values in wine and lees represented
approximately total OTA quantity found in grapes. After separating from lees,
OTA quantity was only about 11% of its value in grapes, while level of OTA
in lees was 80%. In this research, malolactic fermentation caused reduction of
OTA to about 3% of the quantity found in grapes. Wine settling agents can
make a contribution to further reduction of OTA content, but application of ef-
fective doses is often limited by their adverse influence on wine colour and
aroma. According to the above stated authors, some of the commercial enzy-
mes are also able to reduce OTA level in wine having hydrolytic influence on
it, which requires confirmation in further research.

S i l v a et al. (2007) have carried out extensive research on possibilities
of OTA reduction in wine by means of various agents for treating wine (active
coal, active coal combined with K-caseinate or silica gel, PVPP, cellulose, glu-
ten and peas protein) and yeast, as well as preparations made out of yeast cell
walls and hulls. Application of agent called ATOS (active coal and K-casei-
nate) in quantity 0,2 g/l reduced OTA content by 55%, while treatment with
0,5 g/l of this agent reduced OTA content by as much as 90% in relation to
the initial content in wine. However, using up to 0,2 g/l of ATOS does not
have more significant influence on colour intensity in red wines, while at higher
doses wine gets noticeably colourless, which depends on type of active coal as
well. Out of seven used active coal preparations (10 and 50 g/hl) two dis-
played very weak ability of OTA absorption, while with the others, using 50
g/hl for 24 hours, reduction of OTA ranged even up to 90%. As for using
PVPP, cellulose, gluten and peas protein, the experiments show that PVPP (40
and 80 g/hl) and cellulose (10 and 30 g/hl) reduce OTA content by approxi-
mately the same per cent (from 28—42%) when remaining in contact with
wine for 48 hours. Gluten and peas protein showed approximately the same ef-
fect, a reduction of OTA content in wine by 39 — 45% after 24 hour applica-
tion. As for yeast, dried active, inactivated, cell walls and yeast cell hulls, their
effectiveness in reducing OTA in wine differs. In all stated treatments, contact
of preparation and wine lasted for 8 days, and doses recommended by the pro-
ducer have been applied. Preparation based on yeast cell walls was not used in
the quantity of 100 g/hl and it did not give satisfactory results, while prepara-
tion based on yeast cell hulls reduced OTA content in wine by 40%. Inacti-
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vated yeast displayed poor activity in relation to OTA in wine, being applied
in quantities of 20 and 40 g/hl it reduced OTA content by 25,8 and 26,3%.
Preparation microsorb, based on yeast Sacch. cerevisiae, applied in quantity of
25 g/hl with 60 hour contact, reduced OTA by 77%, quantity of 50 g/hl re-
duced it by 81%, while quantity of 100 g/hl achieved OTA reduction by as
much as 90%, but the intensity of wine colour was also reduced. Very strong
point of this preparation is that it is highly effective in a very short period of
time (60 hours).

The highest reduction of OTA content by yeasts and preparations based
on their by — products has been achieved when contact with wine lasted for
eight days at 20°C. Reduction ranged from 40—50% in cases when 100 g/hl
of yeast cell walls were used, 40 g/hl yeast cell hulls, 200 g/hl active dried
yeast and 10 g/l yeast cream were applied.

CONCLUSION

During processing of grapes and vinification, a considerable reduction of
OTA occurs, and purification of must and fermentation processes were the
most effective in that respect. Also, some wine clarification agents can be of
great help in that sense, but they should be applied exclusively in concentra-
tions that do not violate sensory characteristics of wine.
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MIKOTOKSINI U VINU SA POSEBNIM OSVRTOM
NA OHRATOKSIN A

Slobodan M. Joviã, Aleksandar V. Petroviã, Nebojša R. Markoviã

Poqoprivredni fakultet, Nemawina 6, 11080 Zemun, Srbija

Rezime

Kvalitet vina je kompleksan, višeslojni pojam sastavqen od veãeg broja
åinilaca poput senzorskih karakteristika, hemijskog sastava, zakonodavno-prav-
nog, trÿišno-potrošaåkog, pri åemu higijensko-toksikološki ima poseban
znaåaj s obzirom na sve izraÿenije zahteve za zdravstveno bezbednom hranom.
U radu su prikazani rezultati dosadašwih istraÿivawa mikotoksina u vinu
(aflatoksini, trihotecen, patulin), pri åemu je posebna paÿwa posveãena naj-
åešãe prisutnom ohratoksinu A na groÿðu, u širi i vinu i uticaj pojedinih
tehnoloških operacija i procesa u toku proizvodwe vina na wegov sadrÿaj. S
obzirom na wegovu visoku toksiånost Evropska Unija EG regulativom 123/2005.
svela je najviše dozvoqenu koliåinu ohratoksina A na 2 �g/l.
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FREQUENCY OF ASPERGILLUS FUMIGATUS FRES.
— A TOXIGENIC AND ALLERGENIC FUNGAL SPECIES

IN MILKING COWS FEEDS THROUGHOUT
ONE RESEARCH YEAR

ABSTRACT: Fungal contamination of 92 feed samples used for milking cows feed-
ing during one research year (in all seasons) in Vojvodina was examined. A special atten-
tion was paid to the frequency of A. fumigatus, a fungal species harmful to human and ani-
mals. As it was found out all feed samples in summer and spring were contaminated with
fungi and about 95% in autumn and winter period. Aspergilli occured as contaminants in all
seasons. About 63% of feed samples in summer, 67% in autumn, 89% in winter and 48%
in spring were contaminated with them. A. fumigatus was constantly present in feeds. It was
isolated from 19% of feed samples investigated in summer, 33% in autumn, even 61% in
winter and from 4% in spring.

KEY WORDS: Feed, fungal contamination, A. fumigatus

INTRODUCTION

Fungi are world-wide distributed microorganisms which can exist in all
climate regions. They can be found on decaying soils and plant materials
( F i n k - G r e m m e l s, 2005; Ð u k i ã et al., 2007), in air (Ð u k i ã et al.,
2008; M a t k o v i ã et al., 2008), water (S a l l e n a v e - N a m o n t et al.,
2000; G r o v e l et al., 2003), in feed (A d a m o v i ã et al., 2005; B o å a -
r o v - S t a n å i ã et al., 2005; D ' M e l l o, 2002; Š k r i n j a r et al., 2008a,
2008b) and food (B a g i et al., 2005; J a n k o v i ã et al., 2006; Š k r i n j a r,
2005; Š k r i n j a r et al., 2007; Š a r i ã and Š k r i n j a r, 2008) as well as in
raw materials used in feed and food technologies for their processing and pro-
duction of final products and by-products (Š k r i n j a r, 2008). Presence of
toxigenic and pathogenic fungi is of a high significance.
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Fungal contamination of cereal grains, oil-seed meals and forages may
present a major animal and human health risks throughout the world, espe-
cially in the humid climate regions (D ' M e l l o, 2002). The risks reflect in
the ability of numerous fungal species to produce harmful metabolites —
mycotoxins (S a m s o n and van R e n e n - H o e k s t r a, 1988).

Contamination of forages and cereals with mycotoxins frequently occurs
in the field following infections of plants with pathogenic fungi or with
symbiotic endophytes (D ' M e l l o, 2002). The possibility of contamination
may continue during the processing and storage of harvested products and feed
(A d a m o v i ã et al., 2005; B o å a r o v - S t a n å i ã et al., 2005; D ' M e l l o,
2002). A degree of fungal and mycotoxin contamination depend significantly
on environmental conditions, such as moisture content/humidity and ambient
temperature.

Classical representatives of plant pathogenic species (“field fungi") be-
longed to the genera Fusarium, Claviceps, Alternaria and some other genera
from the Hyphomycetes Dematiaceous group, while Aspergillus and Penicil-
lium exemplify storage organisms.

More than 200 species are classified into the genus Aspergillus. Many of
them are harmful to humans and animals. High incidents of Aspergillus myco-
toxins are noticed in warm and humid regions, but they often occur in tempe-
rate zones, too.

According to the data (D h a n d et al., 1998; B a n e r j e e et al., 2000)
Aspergillus species dominate all other fungi with respect to mycotoxin pro-
duction in cereals and oilseeds in some regions.

Various members of the genus Aspergillus are known as carriers of hu-
man and animal diseases. Aspergillus fumigatus is a fungal species associated
with over 80% of all human syndroms caused by aspergilli (B a n e r j e e et
al., 2000). These diseases range from being colonization of the lung to life
threatening diseases such as allergic bronchopulmonary aspergillosis (ABPA)
and invasive aspergillosis.

In addition to the upper airways, fungal infection of the mammary gland
and the uterus during parturitions may have resulted due to their exposure to
the external invasion of A. fumigatus conidia (F i n k - G r e m m e l s, 2005).

A. fumigatus was described as an etiologic agent identified in most of the
aspergilli related human diseases by many other authors (K h o o and D e n -
n i n g, 1994; O r e n and G o l d s t e i n, 2002; M a s c h m e y e r et al.,
2007; P a u e l et al., 2008).

S a r f a t i et al. (1996) reported that conidia of A. fumigatus are in corre-
lation with the airway hypersensitivity of horses as well as with bronchitis,
mastitis and incidental abortion in cattle. In laboratory rats a local pulmonary
response following intrasanal application of different doses of A. fumigatus co-
nidia evaluated on 7 and 21 days of the experiment was described by Ÿ i v a -
n o v i ã et al. (2007).

A. fumigatus is a producer of a variety of termorgenic mycotoxins, a
group of indole derivates, such as verruculogen, fumitremorgens and penitrem
A. These toxic metabolites induce tremor and other symptoms of neurotoxity
in laboratory animals and livestock (…).
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In addition, A. fumigatus produces a toxic metabolite gliotoxin and other
epipolythioidiopiperazines. Gliotoxin exert different biological effects. For exam-
ple, it induces a specific calcium release from intact liver mitochondria (S a l -
v i et al., 2004) and apoptotic cell death in numerous cell types. Gliotoxin has
been found to be a strong immunosupresive agent, too (W a t a n a b e et al.,
2003).

In this paper the results of the occurence of Aspergillus species with a
special attention paid to Aspergillus fumigatus frequency in feeds for milking
cows feeding throughout one research year are presented.

MATERIAL AND METHODS

Mycological contamination of different feed samples (92) for milking
cows feeding during one year in Vojvodina was examined in this work. Sam-
ples were taken from four farms throughout all seasons. Type and number of
feed samples are given in Table 1.

Tab. 1 — Type and number of feed samples used for feeding of milking cows throughout one re-
search year

Type of feed
Number of feed samples

Summer Autumn Winter Spring

Hay 4 4 4 3
Dried lucerne 3 4 4 4
Concentrate 5 4 4 4
Sunflower meal 1 — a — —
Dried corn silage — 3 4 2
Fresh corn silage 3 — — 2
Corn grain silage — — 2 3
Pelleted malt spent grains 2 3 2 1
Fresh rape leaf — 1 — —
Pelleted sugar beet pulp 1 3 2 4
Fresh sugar beet pulp 1 1 1 1
Fresh rape-seed leaf — — — 2

Total 20 23 23 26

a not used

Mycological investigation. Determination of total viable count of moulds
per 1 g of each sample was done as well as the isolation and identification of
all fungal genera. Their share in isolated mycopopulations, with a special at-
tention paid to the presence and frequency of Aspergillus fumigatus, a fungal
species with toxigenic and allergic properties, was examined, too.

Total viable counts of moulds per 1g of sample were determined by stan-
dard Koch' s method. Sabouraud maltose agar (SMA) with streptomycin (0.01—
0.02%) was used as an isolation medium. Incubation was carried out at 25°C
for 7 days and the identification of fungal genera and A. fumigatus according
to S a m s o n and v a n R e e n e n - H o e k s t r a (1988).
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RESULTS AND DISCUSSION

Summer. All of the feed samples tested in summer period were contami-
nated with moulds (Fig. 1) and the number ranged from 10.0 (dried corn si-
lage) to 2.8 x 107 /g (pelleted malt spent grains). It was found that 87% of the
samples were contaminated with species from the genus Penicillium, 63% with
Aspergillus spp., 56% Mucor spp., 50% Cladosporium spp., 12% with Fusa-
rium and Alternaria species. About 56% of feed samples were spoiled with
fungal species which belonged to the other genera.

A. fumigatus was isolated from 19% of the samples (Fig. 2), including
30% of those contaminated with other species from the genus Aspergillus. A.
fumigatus was found as a contaminant of concentrate (2 samples) and dried
corn silage (1 sample).
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Fig. 1 — Contamination degree of feed samples with certain fungal genera in the summer



Autumn. In this season a higher frequency of A. fumigatus of feed myco-
populations was noticed (Fig. 3). This fungal species was isolated from six
different feed samples (33% of total contaminated) (hay — 2 samples, dried
corn silage — 1, pelleted malt spent grains — 1, pelleted sugar beet pulp —
2), which were spoiled with fungi. It is necessary to point out that even 50%
of samples infected with Aspergillus spp. were contaminated with A. fumigatus
at the same time.

As it was established, about 95% of feed samples (18 of 19 total exa-
mined) contained moulds at various degree (from 70.0 — pelleted sugar beet
pulp to 4.0x105/g — pelleted malt spent grains).

Winter. Total viable count of moulds in winter research period varied
between 10.0 (corn grain silage) and 2.1 x 107/g (dried corn silage). Results of
fungal contamination of feeds were approximately in conformity with those
determined in autumn.

A high incidence of Aspergillus spp. frequency was found. Even 89% of
total contaminated feed samples were infected with species of genus Aspergil-
lus (Fig 5). These results are not in accordance with a few data reported on
Aspergillus spp. distribution, especially in climate regions with high tempera-
ture and humidity (D h a n d et al., 1998; B a n e r j e e et al., 2000). At the
same time, a decrease of A. fumigatus frequency was noticed. The species was
isolated from 11 samples (61% of total contaminated — Fig. 6) (dried lucerne
— 3, concentrate — 3, dried corn silage — 3, pelleted sugar beet pulp — 1,
pelleted malt spent grains — 1).
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Fig. 2 — Contamination degree of feed samples with A. fumigatus in the summer
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Fig. 3 — Contamination degree of feed samples with species A. fumigatus in autumn

Fig. 4 — Contamination degree of feed samples with certain fungal genera in autumn
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Fig. 5 — Contamination degree of feed samples with certain fungal genera in winter

Fig. 6 — Contamination degree of feed samples with species A. fumigatus in winter



Spring. All feed samples were contaminated with fungi again (Fig. 7).
Their number varied from 20.0 (pelleted malt spent grains, fresh sugar beet
pulp) to 6.1 x 105 in 1g (dried lucerne).

The most frequent in mycopopulations were found to be Penicillium spe-
cies which were isolated from 61% of the examined samples and Aspergillus
spp. isolated from about 48% of them (Fig. 8). Only one feed sample (concen-
trate) was contaminated with A. fumigatus in spring period.

Investigations of the frequency of Aspergillus species, especially of a
toxigenic and allergenic fungal species A. fumigatus indicate that the highest
incidence of feed contamination with Aspergillus spp. was noticed in winter
research period. In this season even 89% of samples were contaminated with
aspergilli (Fig. 9). The lowest contamination degree (48%) was determined in
spring.

Comparing a frequency of A. fumigatus in feed samples throughout one
research year (in all seasons) it can be seen that the highest contamination
caused by A. fumigatus was observed in winter period, too.
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Fig. 7 — Contamination degree of feed samples with certain fungal genera in spring
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Fig. 8 — Contamination degree of feed samples with species A. fumigatus in spring

Fig. 9 — Contamination degree of feed samples with species A. fumigatus during
one experimental year



CONCLUSION

Aspergillus species were constantly present in milking cows feeds through-
out one research year (in all seasons). The highest degree of contamination
(89%) with aspergillis was observed in winter period and the lowest (48%) in
spring.

A. fumigatus was found as a contaminant of different types of feeds.
About 19% of samples in summer were found to be contaminated with it, 33%
in autumn, 61% in winter and only 4% in spring research period.
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FREKVENCIJA RASPROSTRAWEWA ASPERGILLUS FUMIGATUS FRES. —
TOKSIGENE I ALERGENE FUNGALNE VRSTE U HRANI ZA ISHRANU

MUZNE STOKE TOKOM JEDNE ISTRAŸIVAÅKE GODINE

Marija M. Škriwar1, Tibor L. Kewveš2, Mira Ð. Aå1

1 Tehnološki fakultet, Univerzitet u Novom Sadu, Novi Sad, Srbija
2 Fakultet za biofarming, Megatrend Univerzitet, Beograd, Srbija

Rezime

Ispitana je fungalna kontaminacija 92 uzorka hrane korišãene za ishra-
nu muzne stoke tokom jedne godine (u sva godišwa doba) na podruåju Vojvodine.
Posebna paÿwa posveãena je rasprostrawewu A. fumigatus, fungalne vrste štet-
ne za qudsko zdravqe i zdravqe ÿivotiwa. Ustanovqeno je da su svi uzorci hra-
ne u toku leta i proleãa biti kontaminirani gqivicama, kao i oko 95% u jese-
wem i zimskom periodu. Aspergili su zapaÿeni kao kontaminenti u svim godi-
šwim dobima. Wima je kontaminirano oko 63% hrane u letwem periodu, 67% u
jesewem, 89% u zimskom i 48% u proleãnom. A. fumigatus bio je konstantno pri-
sutan u hrani. Izolovan je iz oko 19% uzoraka hrane u toku leta, 33% u jesewem
periodu, åak iz 61% uzoraka u zimskom i iz 4% uzoraka u proleãnom periodu.
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INFLUENCE OF PELLETING ON MICROBIOLOGICAL
AND MYCOTOXICAL CORRECTNESS OF FEED

MIXTURES WITH BENTONITE SUPPLEMENT

ABSTRACT: Influence of pelleting calf feed mixtures supplemented with bentoni on
microbiological and mycotoxicological properties was investigated. Microbiological and
mycotoxicological quality was investigated at the production day (day 0) and after 45 days
of storage. Total count of microorganisms in the pelleted mixture, at the day 0 (280.000/g),
was several times lower than in the powdered mixture (2.000.000/g). Similar results were
obtained at day 45 when the total number of microorganisms in the pelleted mixture was
270.000/g and 1.800.000/g in the powdered mixture. Number of yeasts and molds at the
production day in the pelleted mixture was 650/g, and in the powdered mixture it was
27.000/g. Similar results were obtained 45 days later when the number of yeasts and molds
in the pelleted mixture was 540/g, and 16.000/g in the powdered mixture. There were 6
species identified in the pelleted mixture, and 9 species in the powdered mixture at the day
of production. Similar mold species ratio in the pelleted (11) and powdered mixture (13)
was found at day 45. In the examined samples representatives of Fusarium genus — F.
subglutinans i F. verticillioides dominated. Number of sultite-redzcing clostridia in the
mixtures, in both observed periods, was similar (below 1000/g of sample). By mycotoxi-
cological analysis of mixtures at the production day, only trichotecene (T-2 toxin) presence
was found in amount of 0,337 mg/kg. The applied technological procedure of pelleting with
bentonite supplement, had positive influence on the improvement of microbiological and
toxicological properties of mixture.

KEY WORDS: bentonite, calves, feed mixtures, micoorganisms, mycotoxins, pelleting

INTRODUCTION

Safe food production is an imperative for human food and animal feed,
producers, today. Therefore, technological and technical procedures which con-
tribute to the reduction of food contamination are becoming more and more
important. In animal feed production, mixture pelleting is one of such proce-
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dures. Positive effects of pelleting are: decrease of mixture decomposition, re-
duction of total number of microorganisms, increase of volume mass, decrease
of dustiness, possible use of finely grinded feedstuffs, increase of manipulation
possibilities (Ð o r ð e v i ã and D i n i ã, 2007; S r e t e n o v i ã Ljiljana at al.,
1995). As a consequence of exposing the mixture to the influence of vapour,
pressure and temperature, nutrients are being chemically transformed, and
thereby digestibility of amilose, hemicellulose, cellulose and pentosan is in-
creased (S t o j a n o v i ã, 2008, G r u b i ã et al., 1995). Due to increased tem-
perature (between 70 i 80°C) some antinutritive ingredients of feedstuffs and
mixtures decompose. Feed mixture pelleting has a positive effect on pro-
duction results (daily gain, milk production), their better consumption and uti-
lization. Pelleting presents a thermoplastic forming process when homogenized
particles of powdered feed are pressed through die perforations in order to im-
prove pellet quality (lasting and grinding durability). During feed mixture pro-
cessing, different binding substances are used, among which Ca-lignosulpho-
nate, Na and Ca-bentonite. Bentonite is a colloid clay of volcanic origin in
form of hydratated aluminium-silicate composed of mineral montmorilonite
(50—90%). Bentonite composition may vary, but most of the different bento-
nite types consist of replacable Na+, K+, Ca], Mg] ions, and according to the
ions present they are named as sodium bentonite, potassium bentonite, calcium
bentonite or magnesium bentonite. Bentonite has extremely large covering sur-
face (1 g of bentonite covers the surface of 700—800 m2). Chemical composi-
tion of bentonite varies depending on the deposition place and most often con-
tains 46—58% SiO2, 12—22% Al2O3, 0,20—0,40% K2O, 0,04—0,08% Na2O,
1,70—3,50% MgO, 3,30—5,90%, CaO, 3,50—4,70% Fe2O3. Burning loss am-
mounts to 12—17%. Due to amphotheric characteristics (accepts and relea-
ses hydrogen ions) it is used as supplement for rumen pH regulation in cattle
(A d a m o v i ã et al., 2004; M u r r a y et al., 1990). Bentonite binds afla-
toxins (B1, B2, G1 i G2) in fodder and decreases the presence of aflatoxine M1

residues in milk (by 60 to 90%). However, its possibility to adsorb zearale-
none and ochrataxin is limited (P a s h a i sar., 2008). Bentonite inclusion in
cow rations contributed to the reduction of milk contamination with 137Cs and
134Cs from 50% to 80%. Bentonite adsorbs excesive NH3 from rumen liquid
when NH3 concentration is high, and releases NH3 when its concentration is
low. This provides more efficient nitrogen utilization from ammonia for micro-
biological protein synthesis. Consequently, the resorption of NH3 into blood,
liver load and energy consumption for urea synthesis are decreased. Due to
bentonite possibility to bind water, its volume increases as well as the digest
volume in digestive tract. The enlargement of digest volume to the decrease of
its passage speed through digestive organs, and thus provides longer activity of
digestive enzymes and nutrien digestibility increase. Bentonite decreases Cu
solubility in rumen and its content in liver, which can be useful for treating
chronical Cu intoxications in animals. Disadvantage of bentonite, beside its
affinity to bind certain minerals, is also an affinity to bind vitamines (H u -
w i g et al., 2001).
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The goal of this investigation was to determine the influence of pelleting
procedure of calves mixtures supplemented with bentonite on microbiological
and mycotoxicological properties of mixtures.

MATERIAL AND METHODS

The investigated mixtures were produced in the Feed Mixture Industry
Padinska Skela. Components were mixed with horizontal mixer (Buhler) with
3000 t capacity. Mixture pelleting was done using the press of the same manu-
facturer. Pellet diameter was 4 mm, and lenght 4 to 6 mm. Mixture compo-
sition is shown in Table 1. Bentonite used in the experiment was derived by
a special technological procedure (impurity separation, drying, crushing and
grinding) at the Institute for Technology of Nuclear and Other Raw Materials,
Belgrade. Bentonite contained: 48,37% SiO2; 22,39% A12O3; 0,40% K2O;
0,07% Na2O; 1,81% MgO; 5,86% CaO; 4,73% Fe2O3; and 0,34% TiO2. Size
of particles was below 50 mm.

After feed mixture production, samples for microbiological and mycotoxi-
cological analysis were taken (day 0). The mixture samples were kept in nylon
bags during 45 days (period november-december), 20 cm above the floor, in
ventilated, semi-dark and dry room. Average room temperature was 18°C.

Tab. 1 — Powdered and pelleted mixture composition, %

Component % in mixture

Corn, ground 34,30
Barley, ground 10,00
Soybean, full fat 22,50
Sunflower meal, 33% UP 10,50
Wheat bran 15,00
Lucerna flour 3,00
Limestone 1,20
Dicalcium-phosphate 0,40
Salt 0,60
Vitamine and mineral premix 1,00
Bentonite 1,50

Total 100,00

Microbiological investigations were performed according to the Regula-
tions on maximal quantity of harmful materials and ingredients in fodder (Sl.
list SFRJ No. 2/90). Total count of bacteria, molds and yeasts as well as iden-
tification of pathogenic microorganisms (bacteria of fecal origin, Salmonella
spp., sulfite reducing Clostridium spp.) was done in accordance to the method
SFRJ No. 25/80.

Micotoxicological investigations. The presence of aflatoxin Bl (AFL Bl),
ochratoxin A (OTA) and zearalenone (ZEA) was determined according to the
standard method (Sl. list SFRJ No. 15/87), while diacetoxyscirpenol (DAS)
and T-2 toxin were analyzed by applying the method of P e p e l j n j a k and
B a b i ã (1991). Identification of potentially toxigenic fungi was done accor-
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ding to D o m s h et al. (1980) and S a m s o n and van R e e n e n - H o e k -
s t r a (1988).

RESULTS AND DISCUSSION

Total count of microorganisms in the pelleted mixture at the produc-
tion day (280.000/g) was several times lower than in the powdered mixture
(2.000.000/g). Similar results were obtained at day 45 when the total number
of microorganisms in the pelleted mixture was 270.000/g and 1.800.000/g in
the powdered mixture. Number of yeasts and molds at the production day in
the pelleted mixture was 650/g, and in the powdered mixture it was 27.000/g.
Similar results were obtained 45 days later when number of yeasts and molds
in the pelleted mixture was 540/g, and 16.000/g in the powdered mixture.
There were 6 species identified in the pelleted mixture, and 9 species in the
powdered mixture at the day of production. Similar mold species ratio in the
pelleted (11) and powdered mixture (13) was found at the day 45. In the
examined samples, representatives of Fusarium genus — F. subglutinans i
F. verticillioides dominated. Number of sultite-reducing clostridia in the mix-
tures, in both measuring periods, was similar (below 1000/g per sample).
Other pathogenic bacterial species were not determined (Table 2).

Tab. 2 — Microbiological properties of feed mixtures

Parameter
Powdered mixture Pelleted mixture

Day 0 Day 45 Day 0 Day 45

Microorganism count/g 2.000.000 1.800.000 280.000 270.000
Yeast and mold count/g 27.000 16.000 650 540
Identified molds

Absidia corymbifera + + +
A cremonium fusidioides + +
Acremonium sp. + + +
Alternaria sp. + +
Aspergillus flavus + + +
Aspergillus fumigatus + +
Aspergillus niger + + +
Aspergillus versicolor +
Epicoccum purpurascens +
Fusarium subglutinans + + + +
Fusarium verticillioides + + +
Fusarium sp. + +
Mucor sp. + +
Penicillium monoverticillata +
Penicillium sp. + +
Rhizopus nigricans + + +
Scopulariopsis brevicaulis + +
Pathogenic bacteria

Salmonellae sp./50 g 0 0 0 0
Sulfite-reducing Clostridium/g < 1000 < 1000 < 1000 < 1000
Coagulase positiv. Staph./50 g 0 0 0 0
Proteus sp./50 g 0 0 0 0
Escherichia coli/50 g 0 0 0 0
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Among potentially toxigenic molds, it is important to emphasize the constant
presence, of A. flavus (AFL B1) and A. niger (OTA) species in the basic
powdered mixture (T j a m o s et al., 2004) as well as Fusarium spp. from sec-
tion Liseola both at day 0 and day 45, F. verticillioides and F. subglutinans,
potential moniliformine, beauvericine and fusiproliferine producers (L e v i ã,
2008), were also found in the pelleted mixture indicating viability of these
molds under the pelleting conditions.

Inspite relatively great number of potential mycotoxin producers, only
trechotecene (T-2 toxin) presence was determined in ammount of 0,337 mg/kg
of mixture (Table 3) at the production day.

Tab. 3 — Presence of mycotoxins in feed mixtures

Parameter
Powdered mixture Pelleted mixture

Day 0 Day 45 Day 0 Day 45

Aflatoxin B1 ND ND ND ND
Zearalenone ND ND ND ND
Ochratoxin A ND ND ND ND
Trichotecenes (T-2) 0,337 ND 0,337 ND
Trichotecenes (DAS) ND ND ND ND

Legend: ND — not detected (< 0,0004 mg/kg AFLB1; < 0,037 ZEA; < 0,004 mg/kg OTA; < 0,04
DAS and T-2)

After 45 days of storage, mycotoxin presence was not detecte in the
mixtures. This indicates that present mold species did not produce mycotoxins
in quantities measurable by TLC detection methods under given conditions.

It can be concluded that the pelleting procedure of feed mixtures supple-
mented with bentonite at 1,5% level had positive effect on the improvement of
microbiological and mycotoxicological properties of investigated mixtures.
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Rezime

U ogledu je ispitivan uticaj peletirawa krmnih smeša za telad sa dodat-
kom bentonita na mikrobiološku i mikotoksikološku ispravnost smeša. Bra-
šnasta i peletirana krmna smeša za telad su proizvedene po istoj recepturi.
Mikrobiološka i mikotoksikološka ispravnost smeša ispitana je na dan
proizvodwe (0-ti dan) i posle 45 dana lagerovawa. Ukupan broj mikroorganiza-
ma u peletiranoj smeši, na dan proizvodwe (280.000/g) bio je višestruko mawi
od broja u brašnastoj smeši (2.000.000/g). Sliåno je bilo 45 dana kasnije, kada
je ukupan broj mikroorganizama u peletiranoj smeši iznosio 270.000/g, odno-
sno 1.800.000/g u brašnastoj smeši. Broj kvasaca i plesni na dan proizvodwe u
peletiranoj smeši bio je 650/g, a u brašnastoj 27.000/g. Sliåni rezultati
utvrðeni su 45 dana kasnije, kada je broj kvasaca i plesni u peletiranoj smeši
iznosio 540/g, a u brašnastoj 16.000/g. U peletiranoj smeši na dan proizvodwe
identifikovano je 6 vrsta, a u brašnastoj 9 vrsta plesni. Sliåan odnos vrsta
plesni u peletiranoj (11) i brašnastoj (13) utvrðen je i 45 dana kasnije. U is-
pitanim uzorcima su dominirali predstavnici roda Fusarium — F. subglutinans
i F. verticillioides. Broj sulfitoredukujuãih klostridija u smešama, u oba termi-
na kontrole, bio je sliåan, odnosno ispod 1000/g uzorka. Ostale vrste patoge-
nih bakterija nisu identifikovane. Mikotoksikološkom analizom smeša na
dan proizvodwe utvrðeno je jedino prisustvo trihotecena (T-2 toksin) u koli-
åini od 0,337 mg/kg smeše. Primeweni tehnološki postupak peletirawa, uz
dodatak bentonita kao vezivnog sredstva, imao je pozitivan uticaj na poboqša-
we mikrobiološke i toksikološke ispravnosti ispitivanih krmnih smeša.
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INFLUENCE OF ALLIUM AMPELOPRASUM L.
AND ALLIUM CEPA L. ESSENTIAL OILS ON THE

GROWTH OF SOME YEASTS AND MOULDS

ABSTRACT: Essential oils extracted from spices, as natural antimicrobial agents, at-
tract particular attention due to their possible role in food protection from microorganisms,
and their nontoxicity, in contrast to the synthetic preservatives. In this work, inhibitory ef-
fect of Allium ampeloprasum and two onions (Allium cepa), Junski srebrnjak and Kupusin-
ski jabuåar, essential oils in different concentrations (1, 4, 7 and 10%) on three yeasts
(Saccharomyces cerevisiae, Candida tropicalis and Rhodotorula sp.) and three moulds
(Aspergillus tamarii, Penicillium griseofulvum and Eurotium amstelodami) was investigated.
All three essential oils showed the strongest inhibitory effect against S. cerevisiae in con-
centration of only 1%. Among onions, Kupusinski jabuåar essential oil had stronger influ-
ence to C. tropicalis, while Allium ampeloprasum essential oil did not show any influence
on this yeast. Rhodotorula sp. was influenced only by Allium ampeloprasum essential oil.
The strongest inhibitory effect on A. tamarii showed Kupusinski jabuåar (57% of inhibition,
in concentration of 10%), while on P. griseofulvum, the strongest influence showed Allium
ampeloprasum essential oil (78.3% of inhibition, in concentration of 10%). Junski srebrnjak
and Kupusinski jabuåar essential oils, in concentrations of 7 and 10% respectively, comple-
tely inhibited the growth of E. amstelodami.

KEY WORDS: Allium essential oils, antimicrobial activity, moulds, yeasts

INTRODUCTION

Fungi, as a large group of microorganisms, are common food contami-
nents and the cause of food deterioration. Besides, they are responsible for un-
pleasant odour and production of very toxic secondary metabolities — myco-
toxins and alergen compounds. The most frequently isolated species of fila-
mentous fungi from food belong to the genus Aspergillus, Penicillium, Clado-
sporium, Mucor, Rhizopus, Fusarium, Alternaria, Eurotium, Emericella etc.
( J a y et al., 2005; M o n t v i l l e and M a t t h e w s, 2005; Š k r i n j a r et
al., 2005; S t a n k o v i ã et al., 2007) and yeasts to the genus Saccharomyces,
Rhodotorula, Candida, Debaromyces, Hansenula, Kloeckera, Lodderomyces,
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Torulopsis etc. (D a v i s, 2003; J a y et al., 2005; M o n t v i l l e and M a t -
t h e w s, 2005). An attempt to decrease the growth and evolution of fungi, as
well as the synthesis of toxic metabolites, is achieved by the addition of
synthetic preservatives. In recent years, there has been an increasing interest
for the application of essential oils, obtained from spices and other herbs, as
alternative antimicrobial agents in food for human nutrition. Also, the advan-
tage of spice extracts is that they do not contain microorganisms which conta-
minate natural spices (K a r a n et al., 2005).

Garlic (Allium sativum) and onion (Allium cepa) are widely used as
culinary ingredients and in food industry for taste improvement. Garlic has
also been known for centuries as a spice with a very wide range of applica-
tion, but also as a herb with important healing features (H a r r i s et al., 2001).
According to morphology and flavour, Allium ampeloprasum is very similar to
garlic. It is mostly called as great-headed garlic, elephant garlic or pearl onion.
The main active antifungal agents from garlic and onion essential oils are the
degradation products of allicin, including diallyl trisulphide (DATS), diallyl di-
sulphide (DADS), diallyl sulphide (DAS), which have greater antifungal effect
than allicin (T a n s e y and A p p l e t o n, 1975; C o r z o - M a r t i n e z et
al., 2007), fistulosin (octadecyl 3-hydroxyindole), that has been isolated from
welsh onion (P h a y et al., 1999), antifungal proteins and peptides (allicepin,
novel, isolated from onion bulb) (L a m et al., 2000; W a n g and N g, 2001;
W a n g and N g, 2004), steroid saponins (eruboside-B, isolated from garlic
bulb) (M a t s u u r a et al., 1988). Garlic and onion germs are especially rich
in essential oils (S t a n k o v i ã and N i k o l i ã, 2002; C o r z o - M a r t i -
n e z et al., 2007).

Content and composition of these active compounds, as well as their anti-
microbial activity, are influenced by variety, area, climatic and storage condi-
tions (R u s s o et al. 1998; C e y l a n and F u n g, 2004). For these reasons,
the aim of this work was to investigate the antimicrobial activity of Allium
plants esential oils from the region of Vojvodina against some food contami-
nating fungi.

MATERIAL AND METHODS

Allium plants. Allium ampeloprasum and two types of onion (Allium
cepa), Junski srebrnjak and Kupusinski jabuåar, grown at the Institute of Field
and Vegetable Crops, Novi Sad, Serbia, were used for obtaining essential oil.

Test microorganisms. Three yeasts: Rhodotorula sp. (isolated from air),
Candida tropicalis (clinical isolate), Saccharomyces cerevisiae 112 Hefebank
Weinhenstephan, and three moulds: Aspergillus tamarii, Penicillium griseo-
fulvum and Eurotium amstelodami (isolated from spices) were used for anti-
microbial investigations. Microorganisms were maintained on Sabouraud mal-
tose agar slants (SMA), at temperature of 4°C. For this experiment, 48 hours
and 7 days old cultures of yeasts and moulds were used, respectively.

Essential oil extraction. Essential oils were extracted by steam distilla-
tion. They were chopped in small pieces and mashed with domestic blender
(Braun Minipimer MR 400). Sample was transferred into a 2 l flask and mixed
with distilled water (1:1 ratio), and the Clevenger apparatus was installed. The
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system was heated during 3 h and the essential oil was collected in petroleum
ether layer, in the oil separator tube. When the extraction time ran out, the pe-
troleum ether layer was collected in a centrifuge tube and left at room tempe-
rature to evaporate the solvent. The tube, containing essential oil, was sealed
with rubber stopper and stored in refrigerator.

Assessment of yeast growth inhibition. The assay was carried out by
disc-diffusion test (L e b o f f e and P i e r c e, 2005). The tested concentrations
of essential oils were 1, 4, 7 and 10%. One mililiter of inoculum (105 cfu/ml)
was added to 10 ml SMA, which was consequently placed in 0 9 cm Petri
dishes. Sterile 5 mm paper discs, after gelling, were placed in the centre of
agar medium and soaked with 10ml prepared concentrations of ethanol-water
solution of essential oils. Dishes were incubated at 25°C for 48—72 h, and the
zones of inhibition showing the presence of antimicrobial activity were mea-
sured. All tests, including the control test (ethanol-water solution), were done
in triplicates.

Assessment of mould growth inhibition. For each isolate, a conidial spore
suspension (106/ml) was prepared in medium which contained 0.5% Tween 80
and 0.5% agar in distilled water (N i e l s e n and R i o s, 2000). Inoculation
was performed with 1 ml of spore suspension (103 spores/ml) in the standard
Petri dishes containing centred SMA medium. Steril disc (5 mm) was placed
in the centre of every dish cover, and 10 ml of essential oil in concentrations
of 1, 4, 7 and 10% were added. Then, the plates were closed with parafilm
and left to incubate at 25°C for up to 7 days. The colony diameters were mea-
sured every day.

RESULTS

Antimicrobial activity of essential oils against yeasts

From Tab. 1, it can be seen that essential oil from Allium ampeloprasum,
and the lowest concentration, had inhibitory influence only on S. cerevisiae.
The zone of inhibition was 10 mm.

The increased concentration of essential oil did not show any influence
on C. tropicalis, whereas the growth of Rhodotorula sp. and S. cerevisiae was
completely inhibited.

Tab. 1 — Influence of Allium ampeloprasum essential oil on yeast growth

concentrations

yeasts
1% 4% 7% 10%

Rhodotorula sp. — ng ng ng
C. tropicalis — — — —
S. cerevisiae 10 ng ng ng

zone of inhibition is expressed in mm; — no activity; ng — no growth

Essential oil of onion (Allium cepa) Junski srebrnjak did not show inhi-
bitory effect on Rhodotorula sp. (Tab. 2). Concentrations of 1 and 4% inhi-
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bited the growth of other two yeasts, C. tropicalis and S. cerevisiae, with inhi-
bition zones of 13 and 14 mm, and 14 and 16 mm, respectively, and complete
inhibition at concentration of 7%.

Tab. 2 — Influence of onion (Allium cepa) Junski srebrnjak essential oil on yeast growth

concentrations

yeasts
1% 4% 7% 10%

Rhodotorula sp. — — — —
C. tropicalis 13 14 ng ng
S. cerevisiae 14 16 ng ng

zone of inhibition is expressed in mm; — no activity; ng — no growth

Data displayed in Tab. 3 show strong influence of 1% of onion (Allium
cepa) Kupusinski jabuåar essential oil on the growth of S. cerevisiae (21 mm
inhibitory zone), weaker influence on C. tropicalis (10 mm inhibitory zone),
and capability to completely stop their growth at concentration of 4%. Rhodo-
torula sp. in this case did not show any sensitivity.

Tab. 3 — Influence of onion (Allium cepa) Kupusinski jabuåar essential oil on yeast growth

concentrations

yeasts
1% 4% 7% 10%

Rhodotorula sp. — — — —
C. tropicalis 10 ng ng ng
S. cerevisiae 21 ng ng ng

zone of inhibition is expressed in mm; — no activity; ng — no growth

Antimicrobial activity of essential oils against moulds

Allium ampeloprasum essential oil in concentration of 1% showed low in-
hibition of the growth of tested moulds (Tab. 4). The growth of A. tamarii
(8.9%) was weakly inhibited in concentration of 4%, while E. amstelodami
and P. griseofulvum showed higher sensitivity (23.2 and 18.7%). To achieve a
similar effect on A. tamarii, 10% of essential oil was needed. At this level, the
growth of P. griseofulvum was significantly reduced by 78.3%, and of E. am-
stelodami by 61.6%.

Tab. 4 — Inhibition of mould growth (%) influenced by Allium ampeloprasum essential oil

concentrations

yeasts
1% 4% 7% 10%

A. tamarii 43 8.9 14.8 23.2
P. griseofulvum 8.7 18.7 34.8 78.3
E. amstelodami 8.1 23.2 54.0 61.6
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Results obtained for (Allium cepa) Junski srebrnjak (Tab. 5) indicate that
E. amslelodami was very sensitive mould, with higher growth reduction in
comparison to other two moulds, which could be seen with already 1% of oil,
and complete inhibition was at the level of 7% of essential oil. The growth of
A. tamarii was equivalent to the control sample under influence of 1% of oil,
with 0.9% of inhibition. Generally, essential oil of Junski srebrnjak was the
least active against A tamarii.

Tab. 5 — Inhibition of mould growth (%) influenced by onion (Allium cepa) Junski srebrnjak
essential oil

concentrations

yeasts
1% 4% 7% 10%

A. tamarii 0.9 6.5 9.3 20.0
P. griseofulvum 2.2 6.5 14.5 19.6
E. amstelodami 29.7 40.5 100 100

1% essential oil of onion (Allium cepa) Kupusinski jabuåar had less than
10% inhibitory effect on A. tamarii and P. griseofulvum. High concentrations
(7 and 10%) lowered the growth of these moulds by 18.5 and 57% (A. tamarii)
and 21.7% (P. griseofulvum). E. amstelodami was completely inhibited with
concentration of 10% (Tab. 6).

Tab. 6 — Inhibition of mould growth (%) influenced by onion (Allium cepa) Kupusinski jabuåar
essential oil

concentrations

yeasts
1% 4% 7% 10%

A. tamarii 8.3 15.7 18.5 57.0
P. griseofulvum 5.7 12.2 21.7 21.7
E. amstelodami 27.0 46.0 67.6 100

Under impact of Allium ampeloprasum essential oil (Figure 1), of three
investigated moulds, only the growth of E. herbariorum at lowest concentra-
tion of essential oil (1%) was delayed for two days, in comparison to the con-
trol. The growth of A. tamarii at concentration of 4% was delayed for two and
three days, when used at higher concentrations. The absence of P. griseoful-
vum for three and six days, and the absence of E. herbariorum for five and six
days in the presence of 7 and 10% of oil, indicates their higher sensitivity.
With concentrations over 4%, stronger inhibitory effect on the growth rate
of all investigated moulds can be noticed. An increase in the quantity of oil
lengthens the time needed for mould colonies to reach the size of control sam-
ple colonies (more than 7 days).

Among onions, (Allium cepa) Kupusinski jabuåar showed stronger inhi-
bitory effect on the germination and growth rate of A. tamarii and E. herba-
riorum than of P. griseofulvum (Figure 2). P. griseofulvum was already noti-
ced in the first two days, at all applied concentrations, while A. tamarii was
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noticed at concentration of up to 7%, and the growth was suppressed until the
sixth day at the highest concentration. The most inhibited mould, with the
lowest rate of development was E. amstelodami. Although A. tamarii and P.
griseofulvum both showed at the concentration of up to 7%, stronger influence
of essential oil was noticed on A. tamarii.

126

Fig. 1. Effect of essential oil of Allium ampeloprasum on the growth of moulds

Fig. 2. Effect of essential oil of onion (Allium cepa) Kupusinski jabuåar on the
growth of moulds



DISCUSSION

These investigations showed that Allium essential oils have the potential
to inhibit the growth of yeasts and moulds. Essential oil of Allium ampelopra-
sum showed inhibitory effect on Rhodotorula sp. and S. cerevisiae, while C.
tropicalis did not show any sensitivity. Essential oils of onion (Allium cepa)
Junski srebrnjak, and particularly Kupusinski jabuåar were more effective
against C. tropicalis and S. cerevisiae. However, the latest two oils did not
show any effect on Rhodotorula sp. All three oil samples had the strongest in-
fluence against S. cerevisiae. Essental oil of Kupusinski jabuåar showed the
strongest inhibitory activity against the investigated yeasts.

C o n n e r and B e u c h a t (1984) pointed out the higher sensitivity of
yeasts (Candida lypolitica, Debaromyces hansenii, Hansenula anomala, Kloec-
kera apiculata, Lodderomyces elonginosporus, Rhodotorula rubra, S. cerevisiae
and Torulopsis glabrata) towards the influence of garlic, in comparison to
onion. The onion essential oil inhibited only the growth of S. cerevisiae. The
results of D i m i ã et al. (2008) showed good antimicrobial activity of onion
essential oil against yeasts.

Among the tested moulds in this study, Allium ampeloprasum essential
oil showed the strongest inhibitory effect on P. griseofulvum. A. tamarii turned
out to be the most resistant mould towards the influence of essential oils. The
highest inhibitory effect on A. tamarii was showen by the essential oil of Ku-
pusinski jabuåar. The most sensitive was E. amstelodami. The growth of this
mould was completely stopped at concentration of 7% (Junski srebrnjak) and
10% (Kupusinski jabuåar).

Y i n and T s a o (1999) investigated the antifungal effect of seven herbs
from Allium family. According to their results, garlic showed the highest anti-
fungal activity against three Aspergillus species investigated. Fistulosin, anti-
fungal compound isolated from Velsh onion, had expressed antifungal activity
against few mould species, especially P. roqueforti and A. oryzae (P h a y et
al., 1999). H s i e h et al. (2001) noticed high sensitivity of A. niger towards
combined extract of cornelberry, cinnamon and oriental onion (1:6:6, vol/vol/
vol). B e n k e b a l a (2004) confirmed the inhibitory effect of onion and gar-
lic on A. niger, P. cycloprium and F. oxisporum. H i t i k o t o et al. (1980)
and H a s a n and M a h m o u d (1993) showed that essential oils of caraway,
clove, onion and garlic can influence the synthesis of sterigmatocystine and
aflatoxins, toxic metabolits of Aspergillus species. D i m i ã et al. (2008) point
out the antifungal activity of onion essential oil against P. commune, P. auran-
tiogriseum, P. griseofulvum, P. corylophilum and A. ochraceus. Investigations
about the influence of different spice extracts on the growth of fungi showed
that besides limiting the growth, they also cause changes in the morphology of
colonies (D i m i ã et al., 2007a, 2007b), as well as changes on cellular level
(destruction of fungal cells, decreasing the oxygen uptake, reducing the cellu-
lar growth, inhibiting the synthesis of lipids, proteins and nucleic acids, chan-
ging the lipid profile of the cell membrane and inhibiting the synthesis of the
fungal cell wall) (T a n s e y and A p p l e t o n, 1975; A d e t u m b i et al.,
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1986; G h a n n o u m, 1988; G u p t a and P o r t e r, 2001; R a s s o l i et al.,
2006, C o r z o - M a r t i n e z et al., 2007).

CONCLUSION

Results obtained in this investigation point out that essential oils of inve-
stigated Allium plants could be useful in controlling the development of yeasts
and moulds in different foods, acting directly against microorganisms of food
deterioration, or with surroundings, in case of packaged foods.
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INHIBITORNI UTICAJ ETARSKIH UQA ALLIUM AMPELOPRASUM L.
I ALLIUM CEPA L. NA RAST NEKIH KVASACA I PLESNI

Sunåica D. Kociã-Tanackov, Gordana P. Dimiã,
Aleksandra N. Tepiã, Biserka L. Vujiåiã

Tehnološki fakultet, Univerzitet u Novom Sadu,
Bulevar cara Lazara 1, 21000 Novi Sad, Srbija

Rezime

Etarska uqa ekstrahovana iz zaåina kao prirodni antimikrobni agensi
privlaåe posebnu paÿwu zbog uloge koju bi mogla imati u zaštiti hrane od mi-
kroorganizama i za razliku od sintetiåkih konzervanasa nisu toksiåna. U radu
je ispitivan inhibitorni uticaj razliåitih koncentracija (1, 4, 7 i 10%) etar-
skih uqa Allium ampeloprasum i dve sorte crnog luka (Allium cepa) Junski srebr-
wak i Kupusinski jabuåar na tri kvasca (Saccharomyces cerevisiae, Candida tropi-
calis i Rhodotorula sp.) i tri plesni (Aspergillus tamarii, Penicillium griseofulvum
i Eurotium amstelodami). Sva tri etarska uqa imala su najjaåi inhibitorni efe-
kat prema S. cerevisiae veã pri koncentraciji od 1%. Od crnih lukova, etarsko
uqe (Allium cepa) Kupusinski jabuåar je jaåe delovalo na C. tropicalis, dok etarsko
uqe Allium ampeloprasum nije pokazalo efekat prema ovom kvascu. Na Rhodoto-
rula sp. jedino je delovalo etarsko uqe Allium ampeloprasum. Najjaåi inhibitor-
ni efekat prema A. tamarii je pokazalo etarsko uqe (Allium sera) Kupusinski
jabuåar (57% inhibicije pri koncentraciji od 10%), a prema P. griseofulvum
etarsko uqe Allium ampeloprasum (78.3% pri koncentraciji od 10%). Rast E. am-
stelodami je potpuno inhibiran pri 7 i 10% etarskih uqa (Allium cepa) Junski
srebrwak i Kupusinski jabuåar, respektivno.
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EFFECT OF MINT (MENTHA PIPERITA L.) AND
CARAWAY (CARUM CARVI L.) ON THE GROWTH

OF SOME TOXIGENIC ASPERGILLUS SPECIES AND
AFLATOXIN B1 PRODUCTION

ABSTRACT: An inhibitory effect of various concentrations (0.0, 0.5, 1.0, 1.5 and
2,0%) of mint (Mentha piperita L.) and caraway (Carvum carvi L.) on the growth of A. fu-
migatus, A. flavus and A. ochraceus was examined during 10 days of cultivation in YES
medium at temperature of 25°C.

Mint showed stronger inhibitory effect than caraway. Total dry weight (g/l) after 10
days of the growth of A. fumigatus in YES medium with 0.5% of mint decreased by about
95%, A. flavus by 97% and A. ochraceus by about 82%. Addition of higher concentrations
of mint (1.0, 1.5 and 2.0%) reduced the growth of all tested species. It was poor and hardly
visible. pH values of the media increased with the increase of mint concentrations.

A. fumigatus showed the highest sensitivity towards caraway and A. flavus the lowest.
Total dry weight (g/l) after 10 days of growth of A. fumigatus in medium with 0.5% of
caraway decreased by about 72% in comparison to the control. In media with higher con-
centrations of caraway, its growth was found to be very poor. Concentration of 1.0% of
caraway reduced A. flavus growth by 15% and of 1.5% by 92%, in regard to the control. In
medium with 2.0% of caraway the growth of A. flavus was observed as poor and hardly vi-
sible.

The growth of A. ochraceus in medium with 0.5% of caraway decreased by about
85% comparing with control and further decrease was noticed by the increase of concentra-
tions. In medium with 1.5% of caraway a reduction of about 95% of growth was found and
under 2.0% of caraway it was poor.

pH of the media also increased with the increase of caraway concentrations.
Applied concentrations of mint and caraway inhibited completely the production of

AB1 by A. flavus.

INTRODUCTION

Spices and herbs are produced from botanically diverse plants grown in a
wide variety of soils and climates. Depending on the plant, different parts of
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them may be used, such as: bulbs, roots, rhizomes, stems, leaves, bark, berries,
buds, arils and seeds. In some cases, the whole plant is used.

Spices and herbs exhibit antimicrobial and antifungal activities because of
their content of essential oils (B u r t, 2004; M a y a c h i e w and D e v a h a -
s t i n, 2008; P o n c e et al., 2008).

Mint (Mentha piperita L.), commonly called peppermint, is a well-known
herbal remedy used for a variety of symptoms and diseases. In the popular
medicine, it is used to treat nausea, flatulence, vomiting, indigestion, stomach
cramps, menstrual cramps and parasitosis (F o n s e k a - K r u e a l and F e r -
n a n d e z, 2003). It is also recognized for its carminative, stimulant, antispasmo-
dic, antiseptic, anti-inflammatory, antibacterial and antifungal activities (G u e -
d ó n and P a s q u i e r, 1994; S e a n et al., 2004). Among the identified
compounds some had already been reported as having antimicrobial activity,
including 1,8-cineole, limonene, linalool and menthol (M a z z a n t i et al.
1998; I s c a n et al., 2002).

Caraway (Carum carvi L.), with its pleasant aroma, is used to spice diffe-
rent foods. The finally chopped leaves are used in the preparation of soups,
and seeds in bakery and confectionary industry. Also, it plays an important
role in the flavouring of alcoholic beverages.

The dried ripe fruits of Carum carvi are used in folk medicine as a car-
minative, since it is effective against spasmodic gastrointestinal complaints,
flatulence, irritable stomach, indigestion, lack of appetite, and dyspepsia in
adults (L e m o n, 2002; T h o m p s o n Coon and Ernst, 2002; H o l t m a n
et al., 2003; M a d i s h et al., 2004).

Because of its aromatic properties, caraway essential oils are used in
mouthwashes, toothpastes, soaps and perfumes.

Many data (S o l i m a n and B a d e a, 2002; D i m i ã et al., 2007; K a -
r a l i ã, 2008) indicate its antimicrobial and antifungal activities.

The aim of this study was to investigate the effect of various concentra-
tions of mint and caraway on the growth of three mycotoxigenic Aspergillus
species (A. fumigatus, A. flavus and A. ochraceus) and production of aflatoxin
B1 by A. flavus.

MATERIAL AND METHODS

Effect of various concentrations of caraway and mint on the growth of
three toxigenic species of genus Aspergillus (A. fumigatus, A. flavus and A.
ochraceus) was investigated. An inhibition of aflatoxin B1 (AB1) production
during the growth of A. flavus by spices was examined, too.

Microorganisms. A. fumigatus Fres., Aspergillus flavus Link and A. ochra-
ceus Wilhelm were isolated from some spices and then maintained on Sabou-
raud maltose agar (SMA) slants at 4°C.

Spices. Mint (Mentha piperita L.) and caraway (Carum carvi L.) were
taken from the market. Before the experiments started, examination of a pos-
sible contamination of spices with AB1 was done.

Spices. Yeast extract sucrose (YES) medium (yeast extract — 20g, suc-
rose — 150g, distilled water — 1000 ml) was used for the investigation of the
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fungal growth and AB1 production. Various concentrations (0.5, 1.0, 1.5 and
2.0%) of dried and sterilized spices were added to the basal medium.

Culture conditions. Erlenmayer flasks (300 ml) with YES medium (100
ml) were inoculated with 10 ml of inoculum and then incubated on rotary
shaker for 10 days at 25°C. The cultures were grown on SMA slants for 7
days at 25°C. Conidia were harvested from slants with 10 ml of sterilized dis-
tilled water. The final conidial suspension was adjusted to an approximate co-
nidia concentration of 107/ml.

All experiments were performed in duplicate.
Analyses. Total dry weight (g/l), pH values and residue of AB1 after 10

days of the growth were determined.
Total dry weight determination: the obtained biomass was separated from

the medium by filtration through a filter paper, followed by drying at 105°C
for 24 h. The yield of obtained biomass was calculated and expressed as total
dry weight (g/l) (Š a r i ã, 2007).

pH values of YES medium (initial — 5.50 and at the end of experiments)
were measured with an Iskra MA 5730 pH-meter.

Qualitative and quantitative determination of AB1 was carried out by
using comparatively two methods: a) thin-layer chromatography (TLC) and b)
direct enzyme-linked immunosorbent assay (CD-ELISA).

a) TLC method (according to O.A.O.C. Methods, 1990): 25 ml of sample
was extracted with 100 ml of a mixture of acetonitril and tap water (9:1), agi-
tated on a shaker for 30 min. and then filtered; 50 ml of filtrate was extracted
with 2x25 ml of n-hexane. Concentrations of AB1 were estimated visually,
comparing them with a standard of pure AB1 from Aspergillus flavus supplied
by Fluka Biochemika 294889, Switzerland.

b) Direct enzyme-linked immunosorbent assay (CD-ELISA) was done
using Neogen Veratox® testing kits. Free mycotoxin in the samples and con-
trols are allowed to compete with enzyme labeled mycotoxin (conjugate) for
the antibody binding sites. After washig, the 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 optical densities. The optical densities of the controls from the
standard curve and the sample optical densities are plotted against the curve to
calculate the exact concentration of mycotoxin.

RESULTS AND DISCUSSION

Mycological investigation.
Mint. Results given in Tables 1, 2 and 3 point to an extremely high ef-

fect of mint concentrations at 0.5, 1.0, 1.5 and 2.0% on the growth of A. fumi-
gatus, A. flavus and A. ochraceus.

After 10 days cultivation of A. fumigatus in YES medium with addition
of 0.5% of mint, and at temperature of 25°C, a decrease of about 95% of the
content of total dry weight comparing to the control (medium with 0.5% of
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mint — 0.14 g/l, control — 2.57 g/l) was found out (Table 1). Visually, a
poor, loose growth was observed. Colour of the medium was reddish.

In samples with 1.0, 1.5 and 2.0% of mint at the end of experiment, the
growth of A. fumigatus was reduced, and hardly visible. Media were yellowish
and hazy. pH values increased with the increase of mint concentrations (0.5%
— 6.86, 2.0% — 7.91).

Table. 1. Effect of various concentrations of mint on the growth of A. fumigatus in YES medium

Concentration
%

Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 2.57 5.53
0.5 0.14 6.86
1.0 + 7.40
1.5 + 7.80
2.0 + 7.91

+ growth hardly visible

A. flavus showed higher sensitivity towards mint concentrations (Table 2).
After the experiment, total dry weight (g/l) in control was 2.86. The growth
was reduced by about 97% in medium with 0.5% of mint (0.01 g/l). A pel-
leted growth was observed, medium was hazy and yellowish. By the further
increase of concentrations the growth was minimized. Media were bright
brown (1.0% of mint) and brown (1.5 and 2.0% of mint) coloured. Small
changes in pH values were noticed (medium with 0.5% of mint — 6.34 and
with 2.0 — 7.02).

Table. 2. Effect of various concentrations of mint on the growth of A. flavus in YES medium

Concentration
%

Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 2.86 6.42
0.5 0.01 6.34
1.0 + 6.57
1.5 + 6.93
2.0 + 7.02

+ growth hardly visible

Total dry weight in YES medium with 0.5% of mint after 10 days culti-
vation of A. ochraceus was decreased by about 82% in regard to the control
(Table 3). A loose growth was observed. Medium was yellowish and clear.

Mint concentrations of 1.0, 1.5 and 2.0% affected significantly the growth
of A. ochraceus. It was hardly visible. At the end of the cultivation, medium
containing 1.0% of mint was hazy and greenish-brown, with 1.5% reddish-
-brown, and those with 2.0% of mint were brown. pH values varied slightly.
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Table. 3. Effect of various concentrations of mint on the growth of A. ochraceus in YES medium

Concentration
%

Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 4.47 6.59
0.5 0.81 4.83
1.0 + 6.73
1.5 + 6.53
2.0 + 5.51

+ growth hardly visible

Caraway. Results shown in Tables 4, 5 and 6 point to slower antifungal
activity against fungal species tested in comparison with mint.

The most sensitive was found to be A. fumigatus. It was established that
the growth of A. fumigatus in YES medium with 0.5% of caraway was inhi-
bited about 72% (total dry weight — 0.73 g/l) in regard to control (total dry
weight — 2.58 g/l) (Table 4). A loose growth was observed and colour of me-
dium changed from yellow (at the beginning of cultivation) to bright brown (at
the end of cultivation). Medium was hazy.

Concentrations of caraway at 1.0, 1.5 and 2.0% reduced the growth of A.
fumigatus significantly (growth hardly visible). Media were clear and bright
yellow coloured, at the beginning of experiment and intensive yellow (medium
with 1.0 and 1.5% of caraway) or yellowish-brown (medium with 2.0% of
caraway) at the end of experiment. pH values of media increased constantly
from 5.53 (control) to 7.79 (medium with 2.0% of caraway).

Table. 4. Effect of various concentrations of caraway on the growth of A. fumigatus in YES
medium

Concentration % Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 2.57 5.53
0.5 0.73 6.19
1.0 + 7.34
1.5 + 7.48
2.0 + 7.79

+ growth hardly visible

In further experiments, it was found out that A. flavus showed higher re-
sistance against caraway. After 10 days cultivation of A. Flavus, in medium
containing 0.5% of caraway, a decrease of about 15% of the growth was ob-
served (Table 5). At the beginning of cultivation, a pelleted growth of A. fla-
vus was noticed and medium was clear and in yellow-green shades. At the end
of cultivation colour of medium changed into yellow. The broth was hazy.

With the increase of caraway concentrations, the growth of A. flavus was
reduced. At the end of experiment, in medium with 1.5% of caraway, the total
dry weight (g/l) was only 0.23 (control — 2.86 g/l). In medium with 2.0% of
caraway a hardly visible growth was observed.
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Growing in YES medium with 1.0% of caraway A. flavus produced pel-
lets. Medium was slightly hazy and yellow-green. During the growth, colour
changed into bright brown shades. At the end of cultivation, medium was
hazy, as well as those with the addition of 1.5 and 2.0% of caraway. At higher
concentrations colour of media varied from bright brown to dark brown. pH of
these media increased with the increase of caraway concentrations (control —
6.42, medium with 2.0% of caraway — 7.74).

Table. 5. Effect of various concentrations of caraway on the growth of A. flavus in YES medium

Concentration
%

Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 2.86 6.42
0.5 2.43 7.31
1.0 1.32 7.58
1.5 0.23 7.66
2.0 + 7.74

+ growth hardly visible

A significant inhibitory effect of caraway concentrations on the growth of
A. ochraceus was established. The concentration of only 0.5% reduced total
dry weight by about 85% (0.65 g/l) in regard to control (4.47 g/l) (Table 6).
Application of higher concentrations of caraway reduced more the growth of
A. Ochraceus, si in the medium with 2.0% of caraway it was very poor.

Colour of YES media with caraway added varied from yellow (0.5, 1.0
and 2.5% of caraway) to intensive yellow (2.0% of caraway). The media were
clear (0.5% of caraway) to slightly hazy (1.0% of caraway) or hazy (1.5 and
2.0% of caraway) at the beginning of the experiment. At the end of the
growth, the colour varied from yellowish (0.5% of caraway), greenish-brown
(1.0% of caraway), reddish-brown (1.5%) to brownish shades (2.0% of cara-
way). pH values increased with the increase of caraway concentrations (control
— 6.59, medium with 2.0% of caraway — 7.75).

Many authors examined an antifungal activity of caraway, too. S o l i -
m a n and B a d e a (2002) investigating the effect of caraway and some other
spices on the growth of a few Aspergillus species (A. flavus, A. parasiticus, A.
ochraceus) established an inhibition against them.

K a r a l i ã (2008) investigated the effect of various concentrations (0.07,
0.1, 0.5, 1.0 and 2.0%) of caraway exstracts on the growth of A. flavus, A.
sydowii, Eurotium herbariorum, Penicillium aurantiogriseum and P. corylophi-
lum. According to this research, the growth of A. sydowii, E. herbariorum and P.
aurantiogriseum was inhibited completely (100%) by 0.5% of caraway extract,
88% of A. flavus and 73% of P. Corylophilum.
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Table. 6. Effect of various concentrations of caraway on the growth of A. ochraceus in YES
medium

Concentration
%

Total dry weight
g.l—1

pH value of YES medium
after the growth

0.0 4.47 6.59
0.5 0.65 7.00
1.0 0.25 7.04
1.5 0.21 8.12
2.0 + 7.75

+ growth hardly visible

Aflatoxicological analyses. After 10 days growth of A. flavus in YES me-
dium with various concentrations (0.5, 1.0, 1.5 and 2.0%) of mint and/or
caraway at temperature of 25°C, production of AB1 was inhibited. AB1 was
detected only in control medium. Concentrations of AB1 determined by TLC
method was 12.20 �g/l and 16.4 �g/l by DC-ELISA test.

CONCLUSION

All concentrations of mint and caraway showed a high inhibitory effect
against fungal species tested (A. flavus, A. fumigatus, A. ochraceus). Mint had
stronger effect than caraway. No AB1 was found in media with mint and/or
caraway concentrations added.
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Rezime

Ispitan je inhibitorni uticaj razliåitih koncentracija (0,0; 0,5; 1,0; 1,5
i 2.0%) mente (Mentha piperita L.) i kima (Carvum carvi L.) na rast A. fumigatus,
A. flavus i A. ochraceus tokom 10 dana gajewa u YES podlozi i temperaturi od
25°S.

Menta je pokazala veãi inhibitorni efekat od kima. Ukupan sadrÿaj suve
materije (g/l) nakon 10 dana rasta A. fumigatus u YES podlozi sa 0.5% mente sma-
wen je za 95%, A. flavus za 97%, a A. ochraceus za 82%. Uz dodatak viših koncen-
tracija mente (1,0; 1,5 i 2,0%) rast u podlozi bio je jedva vidqiv u svim sluåa-
jevima. pH vrednost podloga poveãavala se sa poveãawem koncentracija mente.

Najveãu osetqivost prema kimu pokazao je A. fumigatus, a najmawu A. flavus.
Ukupan sadrÿaj suve materije (g/l) nakon 10 dana rasta A. fumigatus u podlozi sa
0,5% kima smawen je za 72% u odnosu na kontrolu, dok je u podlogama sa veãim
koncentracijama kima zabeleÿen veoma skroman i jedva vidqiv rast. Koncen-
tracija kima od 0,5% smawila je rast A. flavus za 15% u odnosu na kontrolu, a
koncentracija od 1,5% za 92%. Rast A. flavus u podlozi sa 2,0% kima bio je veo-
ma redukovan.

Rast A. ochraceus smawen je u prisustvu kima u koncentraciji od 0,5% za
85% u odnosu na kontrolu i daqe se smawivao sa poveãawem koncentracija. U
podlozi sa 1,5% kima zabeleÿeno je smawewe rasta za 95%, dok je u podlozi sa
2,0% kima rast bio veoma skroman, jedva vidqiv.

pH vrednosti podloga takoðe su se poveãavale sa poveãawem koncentracija
kima tokom rasta ispitivanih vrsta plesni.

Primewene koncentracije mente i kima potpuno su inhibirale stvarawe
AB1 pomoãu A. flavus.
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SUSCEPTIBILITY LEVEL OF CUCUMBER
DOWNY MILDEW (PSEUDOPERONOSPORA CUBENSIS)

TO METALAXYL

ABSTRACT: Level of susceptibility of Pseudoperonospora cubensis isolate from
Ratkovo to metalaxyl in concentrations 50, 100, 200, 400 and 800 �g/ml was investigated.
The trials were conducted on cotyledon and fully developed young leaves using cucumber
cultivar Haroš. Reduced level of susceptibility was detected in metalaxyl concentrations of
50, 100 and 200 �g/ml because the intensity of sporulation in these treatments was on the
same level as in control. Sporulation was also observed on developed leaves treated with
metalaxyl in concentrations of 400 and 800 �g/ml.

KEY WORDS: cucumber downy mildew, level of susceptibility to fungicides, meta-
laxyl

INTRODUCTION

Downy mildew, caused by Pseudoperonospora cubensis (Berk. & Curtis)
Rostovzev, is a widespread disease of greenhouse and field-grown cucumber
plants and it can lead to a significant yield loss (Y a n g et al., 2008; K o et
al., 2008). In Serbian agroecological conditions downy mildew occurs every
year in epiphytotic proportion (B a l a ÿ et al., 2006). The heaviest losses occur
regularly on pickling cucumber in postharvest production.

First symptoms of downy mildew in vegetation can be detected on older
leaves, usually during the end of June and the beginning of July. These leaves
have chlorotic spots which in a short time become necrotic. Reproductive or-
gans are being formed on the lower side of leaves. The optimal temperature
for sporulation of this parasite is around 15°C. Fruits are not directly attacked,
but due to leaf necrosis they become smaller and of poor quality.

Although differences in susceptibility to downy mildew are registered
among genotypes, the basic control measure of cucumber downy mildew is
still the use of fungicides. A large number of sprays during vegetation increase
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the risk of parasite resistance to systemic fungicides. Detection of resistance
may limit the use of fungicides to which resistance appeared, decrease the
number of treatments, and in that way it may contribute to the safe-food pro-
duction.

One of the widespread used fungicide active ingredients against downy
mildews of different cultivated plants is metalaxyl. This is a systemic fungi-
cide which inhibits protein synthesis in the pathogen cells. According to the li-
terature data, a frequent use of metalaxyl worldwide caused a resistance of
many downy mildew pathogens (D a a y f et al., 2001; M o l i n e r o - R u i z
et al., 2005; U r b a n and L e b e d a, 2006). The aim of this research is de-
tection of resistance of P. cubensis population to metalaxyl in our country.
These investigations will contribute to more effective cucumber downy mildew
control which will result in decrease of number of treatments and in produc-
tion of healthy and safe cucumber fruits for human consumption.

MATERIAL AND METHODS

Laboratory experiments for determination of sensitivity level of P. cuben-
sis to metalaxyl were conducted from July to October, 2008 at the Faculty of
Agriculture, Novi Sad, at the Department for Plant and Environmental Protec-
tion, according to the method described by U r b a n and L e b e d a (2006).
Cotyledons and fully developed young leaves of cucumber.

Preparation of inoculum for artificial inoculations

In these trials, P. cubensis isolate from Ratkovo locality was used. The
infected leaves of cultivar Haroš were collected and brought in the laboratory
in portable refrigerator. The leaves were washed and placed for incubation on
a wet filter paper in Petri dishes for 2 days. After this period, zoosporangia
which formed on leaves were shaken off in container with distilled water, and
suspension of zoospores was prepared. Total volume of suspension was 7,2 ml
and 9,6 ml for inoculation of cotyledons and fully developed leaves, respec-
tively. In both cases, concentration of suspension was measured with hemo-
cytometer, and it was set up to 105 zoospores/ml.

Preparation of plants for artificial inoculations

Cucumber seed of cultivar Haroš was used for cucumber cotyledon pro-
duction. Seeds were sown in plastic pots (volume 500 cm3) in 50 replications.
The substrate was a mixture of 3 parts of soil and 1 part of sand. 2 to 4 seeds
were sown in every pot and plants were grown in the greenhouse at tempera-
ture of 15°C during night and 25°C during day. Cotyledons were used for ino-
culations when they were approximately 3 cm in diameter. Fully developed
leaves were around 7 cm in diameter.
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Concentrations of metalaxyl

Solutions of pure, technical metalaxyl in methanol were prepared for de-
termination of P. cubensis sensitivity and tested concentrations were: 50, 100,
200, 400 and 800 �g/ml.

Cotyledons and fully developed young leaves were sprayed with meta-
laxyl in noted concentrations one hour prior to artificial inoculations with P.
cubensis spore suspension.

Cucumber artificial inoculations with P. cubensis

After the treatment with metalaxyl, cotyledons, as well as fully developed
leaves were placed with adaxial side down in Petri dishes containing double
layer of wet filter paper. The trial was set up in five and four replications re-
garding cotyledons and developed leaves, respectively.

P. cubensis spore suspension was sprayed on tested leaves. After the ino-
culation, leaves were incubated in the climate chamber at temperature of 15°C
with photoperiod of 12 hours. Under these conditions, sporulation was ex-
pected after 6—10 days when the first evaluation was also performed.

Evaluation of sporulation intensity and data analysis

Sporulation intensity was evaluated on the basis of visual observation of
cotyledons under the magnifying glass at 45 X magnification. The scale for
evaluation was 0 to 4:

0 — no sporulation,
1 — sporulation on less than 25% of the leaf area,
2 — sporulation on 25—50% of the leaf area,
3 — sporulation on 50—75% of the leaf area,
4 — sporulation on over 75% of the leaf area.
Average value of sporulation intensity was calculated on the basis of spo-

rulation intensity in each replication. Data were statistically processed using
software Costat which performed Duncan's Multiple Range Test.

RESULTS

The first screening was performed 6 days after the inoculation. However,
the first signs of sporulation were detected after ten and seven days at coty-
ledons and fully developed leaves, respectively and then the evaluation of spo-
rulation intensity was performed. After this, intensity of sporulation was esti-
mated on a daily basis. Final assessment of the trial was performed after 13
and 9 days, with tests on cotyledons and fully developed leaves respectively
(Tables 1 and 2).

143



Tab. 1 — Sporulation intensity of P. cubensis on cucumber cotyledon leaves treated with
metalaxyl

Metalaxyl
concentrations

mg/ml

Sporulation intensity
Replications Aver Rank

I II III IV V

0 (control) 1 1 1 3 2 1,6 a
50 2 0 0 1 1 0,8 abc

100 2 1 1 1 0 1,0 ab
200 0 0 1 0 1 0,4 bc
400 0 0 0 0 0 0 c
800 0 0 0 0 0 0 c

LSD 0,05 = 0,81

Tab. 2 — Sporulation intensity of P. cubensis on developed cucumber leaves treated with
metalaxyl

Metalaxyl
concentrations

mg/ml

Sporulation intensity
Replications Aver Rank

I II III IV

0 (control) 2 4 2 3 2,75 a
50 1 2 3 1 1,75 ab

100 2 1 2 1 1,5 ab
200 0 1 1 3 1,25 ab
400 0 2 0 0 0,5 b
800 0 0 1 2 0,75 b

LSD = 1,44

As expected, the maximum sporulation was determined in control, with
tests on both cotyledons and fully grown leaves.

In cotyledons test, sporulation intensity in treatments with metalaxyl in
concentrations of 50 and 100 �g/ml, was statistically on the same level with
control. In tests on fully developed young leaves, sporulation intensity in con-
trol was also on the same level with metalaxyl treatments in concentrations of
50 and 100 �g/ml. However, in latter decreased sensitivity was also determi-
ned in concentration of 200 �g/ml.

Treatments with metalaxyl in concentrations of 400 and 800 �g/ml on
cotyledon leaves completely disabled sporulation of the pathogen, while in
tests on developed leaves sporulation was signicifinantly lower than the one in
control.

DISCUSSION

Cucumber downy mildew, in our conditions, presents very destructive di-
sease against which a large number of fungicide treatments are performed
every year. Since cucumber harvest is continuous during vegetation, it is
necessary to undertake integral measures of protection in order to reduce the
number of fungicide treatments (B a l a ÿ et al., 2006). Required treatments

144



should be carried out using effective fungicides and it is essential to utilize
high quality application technique (B a l a ÿ et al., 2007). Due to a large num-
ber of treatments and high reproductive capacity of P. cubensis, a risk of de-
creased sensitivity, i.e. resistance to systemic fungicides is always present.
This especially includes fungicides which have relatively narrow mode of ac-
tion on pathogen's metabolism.

Results on decreased sensitivity of P. cubensis have been published by
U r b a n and L e b e d a (2006), who determined that fungicides fosetyl Al
and metalaxyl are less effective in cucumber downy mildew control, while
propamocarb is still highly efficient.

Similar results were gained in our research, in which it was determined
that even after the treatment with metalaxyl in concentration of 200 �g/ml
(which represents the amount of active ingredient which is used in practice,
U r b a n and L e b e d a, 2006) parasite still sporulates on developed leaves.
Based on these experiments, it can be concluded that metalaxyl, in given con-
centration is not effective enough agaist P. cubensis population from Ratkovo.
Also, alarming fact is that parasite sporulated with low intensity on developed
leaves, even after the treatments with metalaxyl in concentrations of 400 and
800 �g/ml.

For more complete insight in sensitivity level of P. cubensis to metalaxyl,
it is necessary to test more isolates from a large number of localities. Also,
these trials should include other active ingredients such as fosetyl Al and
azoxystrobin, which are widely used in our conditions and for which reduced
efficacy was also detected in some other countries (B r o w n et al., 2004;
H a n et al., 2005).

These investigations are essential for healthy and safe human consump-
tion of cucumber fruits and also for the possibility of exporting these products
into the countries of European Union.

CONCLUSION

In this research, reduction in sensitivity of Pseudoperonospora cubensis
isolates from Ratkovo to metalaxyl has been determined. In order to produce
cucumber which is healthy and safe for human diet, as well as to achieve hig-
her fungicide efficacy in cucumber powdery mildew control, it is necessary to
adapt integral measures for disease control and to use highly effective fungi-
cides with favorable ecotoxicological characteristics and short waiting period.
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NIVO OSETQIVOSTI PROUZROKOVAÅA PLAMEWAÅE KRASTAVCA
(PSEUDOPERONOSPORA CUBENSIS) PREMA METALAKSILU

Ferenc F. Bagi, Ferenc F. Balaÿ, Vera B. Stojšin, Dragana B. Budakov,
Tatjana V. Sokolovski, Bojana K. Radoniã
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Rezime

Plamewaåa krastavca u našim uslovima predstavqa izuzetno destruktivno
oboqewe, protiv kojeg se svake godine preduzme veãi broj hemijskih tretmana.
Pošto je berba krastavca tokom vegetacije kontinuirana, neophodno je preduzi-
mawe integralnih mera zaštite u ciqu smawewa broja hemijskih tretmana. Ne-
ophodne hemijske tretmane je potrebno izvesti sa efikasnim fungicidima i
potrebno je voditi raåuna o kvalitetnoj tehnici aplikacije. Usled velikog bro-
ja tretmana i velike reproduktivne sposobnosti parazita postoji rizik od po-
jave smawene osetqivosti, odnosno rezistencije Pseudoperonospora cubensis na-
roåito prema sistemiånim fungicidima koji imaju relativno uzak spektar de-
lovawa na metabolizam parazita. U radu je ispitan nivo osetqivosti prouzro-
kovaåa plamewaåe krastavca P. cubensis, izolata iz Ratkova, prema metalaksilu
primewenom u koncentracijama 50, 100, 200, 400 i 800 �g/ml. Test je izveden na
kotiledonim i razvijenim listovima krastavca sorte Haroš. Utvrðena je sma-
wena osetqivost metalaksila u koncentracijama od 50, 100 i 200 �g/ml. Sporula-
cija je na razvijenim listovima utvrðena i u koncentracijama 400 i 800 �g/ml.
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REPRODUCTIVE STRATEGIES OF FIELD
PHYTOPHTHORA INFESTANS POPULATIONS ON POTATO

AND TOMATO IN SOME REGIONS OF RUSSIA

ABSTRACT: The occurrence of zoosporangia and oospores is analyzed for 88 field
populations of Phytophthora infestans (Mont.) de Bary in Moscow region and other regions
of Russia from 1997 to 2006. For estimation of zoosporangia and oospore frequencies in
the populations, the indexes IZ (for zoosporangia) and IO (for oospores) are suggested. The
combinations of these indexes enabled a reveal of 4 strategies for P. infestans reproduction,
which were found in the field populations of the pathogen. These strategies were more nu-
merous in P. infestans field populations on tomato than on potato (4 versus 2) in spite of
the fact that potato populations in Moscow region strongly predominated. It was connected
with rareness or absence of oospores in potato and their presence in tomato, especially in
fruit of many populations.

The knowledge about strategies of reproduction can be applied for verification of
efficiency of new methods for crop protection against late blight, and for investigations of
P. infestans populations.

KEY WORDS: Phytophthora infestans, late blight, oospores, zoosporangia, field esti-
mation

INTRODUCTION

Phytophthora infestans is a dangerous parasite of potato and tomato. The
losses of these crops caused by late blight are very high. Much is known about
biology, ecology and genetics of P. infestans (B r a s i e r, 1983; S h a w, 1987;
S h a t t o c k et al., 1987; D y a k o v, 1992). Effective methods are used (K a -
d i s h & C o h e n, 1988) for estimation of fitness and aggressiveness of
P. infestans isolates under the laboratory conditions. The approaches for esti-
mation of late blight in the field are also numerous (P o p k o v a, 1972; D o -
r o z h k i n et al., 1976).

The current situation with P. infestans investigation is that the laboratory
and field studies of this parasite are mostly separated from each other. For in-
stance, in Russia and some other countries, the occurrence of oospores (source
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of primary infection), as well as the intensity of formation of zoosporangia
(source of secondary infection), are often excluded from field estimations at
crop protection measures. On the other hand, the direct results of field obser-
vation on late blight severity are generally not closely connected with the inve-
stigations of biology of its agent.

Our purpose is to suggest the approach which enables a reveal of the ra-
tio of structures for asexual and sexual reproduction (zoosporangia and oospo-
res) in the field P. infestans populations. Thus, we would be able to clearly
understand the strategies of reproduction of certain P. infestans populations
and use adequate methods of protection against them.

MATERIAL

From 1997 to 2006, the samples from 88 field populations from different
regions of Russia (Moscow; Moscow, Leningrad, Novgorod, Yaroslavl, Tula,
Bryansk, Kaluga, Tambov, Ryazan, and Tomsk regions; as well as from Mor-
dovia, Northern Caucasus, Stavropol Territory) were studied. The samples
were blighted leaflets of Russian potato cultivars Nevsky, Lugovskoy, Lorkh,
Syneglazka (blue-eyed potatoes), and Dutch cultivar Sante, as well as some
other cultivars and their mixtures of undetermined status; the blighted leaflets
and fruits of tomato cultivars Ottawa, Yamal, Beliy Naliv, etc. The number of
samples per population varied from 10 to 50 depending on the size of a plot.

METHODS

Determination of presence of oospores and zoosporangia in the blighted

samples. The blighted leaflets were placed in moist chambers (Petri dishes
with moist filter paper). After one day of incubation the freshly formed zoo-
sporangia were transferred to Petri dishes with oatmeal agar for collection of
P. infestans isolates. Then, the leaflets were boiled in 96% ethyl alcohol for 3
min, for chlorophyll removal and exposed to 10% water solution of bleaching
chlorine for 1 hour. The blighted tomato fruits were also put in moist cham-
bers and the P. infestans isolates were collected from them in the same way.
After this the fruits were incubated in the moist chambers until their rotting.
Decolorized samples were investigated under the light microscope, and oospo-
res and empty zoosporangia (as their content was destroyed; Fig. 1, 2) were
looked for.

If the presence of oospores or zoosporangia was not more than 50 per
field of vision (1 mm2), from 51 to 250, and more than 250, it was assessed as
rare, moderate, and frequent, respectively.
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The indexes of presence of oospores (IO) and zoosporangia (IZ) were cal-
culated as follows:

10 = 0.05 . RO + 0.5 . MO + FO, where:
RO — presence of samples with rare oospores, %
MO — presence of samples with moderate oospores, %
FO — presence of samples with frequent oospores, %;
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Fig. 1 — Numerous oospores of P. infestans in tomato fruits

Fig. 2 — Empty zoosporangia of P. infestans in potato
leaf after boiling in ethanol solution and exposure

to solution of bleaching chlorine.



IZ = 0.05 . RS + 0.5 . MS + FS, where:
RS — presence of samples with rare zoosporangia, %
MS — presence of samples with moderate zoosporangia, %
FS — presence of samples with frequent zoosporangia, %.

Thus, this method allows offers qualitative estimation of occurrence of
oospores and zoosporangia in the same blighted samples.

Determination reproduction strategies. Different distribution of indexes
of presence of oospores and zoosporangia gave an outline of four possible
strategies of P. infestans reproduction. Four strategies and 20 substrategies
were finally revealed (Table 1).

Tab. 1 — Strategies and substrategies of reproduction of field P. infestans populations

Strategy Substrategy
Occurrence of zoosporangia Occurrence of oospores

IZ Characteristic IO Characteristic

W

(Weak

populations)

0.1—20.0 Rare 0—10.0 Limited

W1 0 absent
W2 0.1—3.0 negligible
W3 3.1—10.0 slight

A

(Asexual

populations)

20.1—60.0 Quite frequent 0—10.0 Limited

A1 20.1—40.0 moderate 0 absent
A2 0.1—3.0 negligible
A3 3.1—10.0 slight
A4 40.1—60.0 frequent 0 absent
A5 0.1—3.0 negligible
A6 3.1—10.0 slight
A7 60.1—100 very frequent 0 absent
A8 0.1—3.0 negligible
A9 3.1—10.0 slight

S

(Sexual

populations)

0.1—20.0 Rare 10.1—100 Quite frequent

S1 10.1—25.0 moderate
S2 10.1—100 frequent

B

(Both

asexual and

sexual

populations)

20.1—60.0 Quite frequent 10.1—100 Quite frequent

B1 20.1—40.0 moderate 10.1—25.0 moderate
B2 10.1—100 frequent
B3 40.1—60.0 frequent 10.1—25.0 moderate
B4 10.1—100 frequent
B5 60.1—100 very frequent 10.1—25.0 moderate
B6 10.1—100 frequent

A certain strategy reflects the ratio of oospore and zoosporangia presence
in the field P. infestans population and its fitness. The higher is the number of
zoosporangia in population, the higher is its fitness.
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RESULTS

Strategies of reproduction of P. infestans on potato and tomato in

Moscow region. The analysis of 88 P. infestans populations revealed all four
possible strategies for their reproduction (Table 2).

Tab. 2 — Number of P. infestans Russian populations with a certain strategy/substrategy of repro-
duction on potato leaves, as well as on leaves and fruits of tomato from 1997 to 2006

Strategy of reproduction
Substrategy of
reproduction

Number of P. infestans
populations on

potato
leaves

tomato
leaves

tomato
fruits

W (Weak populations)

9 2 2

W1 2 0 0
W2 5 2 1
W3 2 0 1

A (Asexual populations)

46 12 10

A1 8 4 1
A2 8 3 0
A3 0 0 6
A4 9 4 1
A5 8 0 1
A6 3 0 0
A7 5 1 1
A8 4 0 0
A9 1 0 0

S (Sexual populations)

0 0 2

S1 0 0 0
S2 0 0 2

B (Both asexual and sexual

populations)

0 2 3

B1 0 1 2
B2 0 0 0
B3 0 0 1
B4 0 0 0
B5 0 1 0
B6 0 0 0

General number of populations 55 16 17
General number of strategies 2 3 4

General number of substrategies 11 7 10
Index of Shannon (for substrategies) 3.23 1.85 2.94

Strategy A (asexual type of reproduction) predominated in populations
with different origination. Strategy W (weak type of population producing just
a few zoosporangia and/or oospores) was also quite common in different po-
pulations, but occurred much more rarely. However, strategies S (sexual type)
and B (both sexual and asexual types of reproduction in population) were re-
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vealed only in several P. infestans populations isolated from tomato fruits
(Table 2).

The calculation of general number of reproduction substrategies and cor-
responding Index of Shannon in all host plants has indicated that the diversity
of reproduction substrategies was higher in P. infestans populations from to-
mato fruits and potato leaves than in P. infestans populations from tomato
leaves (Table 2).

The testing determination of reproduction strategies. In 1997 for 20
field populations, the average means of oospore number per sample were cal-
culated (S m i r n o v, E l a n s k y, 1999). For these populations, IO was also
determined and correlation between average means of oospore presence and IO
means were calculated. The mean of correlation coefficient was 0.93 ± 0.03.
Thus, the correlation between them approaches identity and IO values reflect
oospore presence in field P. infestans populations very well.

DISCUSSION

In the previous investigations (S m i r n o v & E l a n s k y, 1999; S m i r -
n o v & K u z n e t s o v, 2001; S m i r n o v et al., 2008) it was demonstrated
that the field P. infestans populations may be very different from each other in
occurrence of oospores and zoosporangia, so the idea about different strategies
of reproduction was suggested. However, no clear quantitative assessment was
made. Our current method of determination of strategies for reproduction pro-
vided principally new reliable results. Their authenticity was supported by the
cluster and correlation analyses.

Previously, the ranked approach was applied by F l i e r et al. (2001) for
the estimation of oospore formation in the Toluca Valley, Mexico.

The method used for detection and calculation of oospores and zoospo-
rangia in the samples does not imply very high level of exactness. It provides
true qualitative estimation. Majority of detected oospores were formed under
the field conditions. For zoosporangia, our observations are not able to reveal
all dynamics of their formation in vivo (and we did not investigate it in our
study); it is only possible to assess the potential of their formation under the
favorable conditions of moist chambers. IZ value reflects status of P. infestans
mycelium in lesion very well.

The novelty of our method lies the joint analysis of oospore and zoospo-
rangia occurrence with each of these features expressed by one figure. The
count of oospore number per certain lesion area used in many previous investi-
gations was always somewhat distorted by deviation from the average value.
This complicates analysis of the obtained results. Per cent of samples with
oospores is an unambiguous value, yet it does not guaranty a precise esti-
mation because of different oospore occurrence in the samples. Our method
excludes all aforementioned problems.

The suggested equations for the calculation of IO and IZ are analogous to
the equation of intensity of disease development (D o r o z h k i n et al., 1976).

In the tomato populations, more strategies were found than in the potato
populations. A few populations were similar to Mexican population on potato
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in Toluca Valley — so called 'small Mexico' (S m i r n o v, K u z n e t s o v,
2001; S m i r n o v et al., 2008). It is probably not connected with genotypic
differences between the populations on potato and tomato, since on these crops
both the same and different strains can occur (E l a n s k y et al., 1999). The
formation of oospores in fruits and seeds of tomato was previously proved in
Israel (R u b i n et al., 2001). Under conditions of Moscow region, the tomato
(especially fruits) is a suitable substrate for P. infestans suitable for formation
of both oospores and zoosporangia, especially in the depressive seasons when
such formation is difficult in potato. It is highly probable that tomato popula-
tions with S and B strategies can increase the pathogenicity (G o o d w i n et
al., 1995), and under the conditions of Moscow region it might be dangerous
for both primary (strategies S and B) and secondary (strategies A and B) in-
fection of potato, though the infection dissemination from tomato to potato is
not rapid. In potato, the populations with such strategies are rare or absent.

Interconnection between the occurrence of oospores and zoosporangia
was not detected. This indicates that their formation is regulated by different
factors.

Very important practical aspect in plant pathology is the estimation of fit-
ness (aggressiveness) of P. infestans strains. For its estimation, it was neces-
sary to isolate the strains as pure cultures, inoculate leaflets or tuber discs, and
determine the infection frequency (IF), lesion area (LA) and sporulation capa-
city (SC). The compositive fitness index CFI = IF x LA x SC allows estima-
tion of the fitness (aggressiveness) of a certain P. infestans strain (K a d i s h
& C o h e n, 1988). Thus, our approach can be adapted to this.

The aforementioned method was not applied in the field as it was diffi-
cult to estimate the sporulation capacity. The application of IZ solves this pro-
blem. The spread of disease (S) corresponds with the infection frequency (IF),
intensiveness of disease (I) — sporulation capacity (SC). Thus, by combining
new and well known approaches, it is possible to obtain the estimation of
aggressiveness of the field P. infestans population. Laboratory estimation of
aggressiveness of isolates collected from the latter would not provide reliable
result as many properties of P. infestans can be essentially changed after culti-
vation on the agar media and re-isolation.

P. infestans fitness would be expressed differently under laboratory and
field conditions. Under the laboratory (as a rule optimal) conditions all compo-
nents (LA, SC, and IF) can essentially influence CFI, but under field condi-
tions it is not always true. IZ better indicates fitness of the field P. infestans
population and its alterations than S and I. In the laboratory experiments such
effects do not play an important role.

The knowledge of strategy distribution will help understand the biology
of P. infestans much better and increase the efficiency of protective measures
against late blight. In ecology, sexual and asexual reproductions represent op-
posite strategies of survival (B r a s i e r, 1983; D y a k o v, 1992; C o h e n et
al., 2000). Hence, our approach can be used for development of models con-
nected with DSS (Decision Support Systems) directed at proper application of
protective measures against late blight.
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Also, it is possible to apply our method to the issues which are usually
investigated by means of traditional approaches to population biology. First of
all, it is the comparison of P. infestans strains on potato and tomato, as well as
the interconnection between occurrence of zoosporangia, oospores, and mating
types.
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REPRODUKTIVNE STRATEGIJE POPULACIJE
PHYTOPHTHORA INFESTANS KOD PROIZVODWE KROMPIRA I
PARADAJZA NA OTVORENOM U NEKIM REGIONIMA RUSIJE

A. N. Smirnov, S. A. Kuzwecov

Ruski poqoprivredni fakultet — Moskovska poqoprivredna
akademija Timirjazev, Odeqewe fitopatologije, ul. Listveniånaja 2,

zgrada 12, Moskva, 127550 Rusija

Rezime

Ispitivano je prisustvo zoosporangija i oospora u 88 populacija Phyto-
phthora infestans (Mont.) de Bary u prizvodwi na otvorenom u moskovskom regio-
nu kao i u drugim regionima Rusije u periodu od 1997. do 2006. Za procenu uåe-
stalosti zoosporangija i oospora u populaciji predloÿeni su indeksi IZ (za
zoosporangije) i IO (za oospore). Kombinacijom ovih indeksa otkriveno je po-
stojawe 4 reproduktivne strategije u wivskim populacijama ovog patogena. Ove
strategije su bile zastupqenije u wivskim populacijama P. infestans na paradajzu
(4 prema 2) uprkos åiwenici da je populacija bila dominantna na krompiru u
regionu Moskve. Ovo je najverovatnije posledica odsustva ili neznatnog prisu-
stva oospora u krompiru i wihovog prisustva u paradajzu, naroåito plodu, kod
velikog broja populacija.

Poznavawe reproduktivne strategije moÿe se koristiti za utvrðivawe efi-
kasnosti novih metoda zaštite protiv plamewaåe, kao i za ispitivawe popula-
cije P. infestans.
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MORPHOLOGICAL AND PATHOGENIC CHARACTERISTICS
OF COLLETOTRICHUM TRIFOLII BAIN ET ESSARY,

THE ALFALFA ANTHRACNOSE INDUCER

ABSTRACT: During summer and autumn, easily recognizable diseased plants can be
detected in alfalfa fields. Diseased plants have characteristically curved apical part, com-
monly known as “shepard's hook". Using the standard mycological methods, several fungi
isolates were obtained. Four of these isolates were used for further study. Two standard
mycological methods were used for determination of pathogenicity of Colletotrichum spp.
isolates: with and without damaging of the stems. During these studies, it was determined
that all of the isolates were causing the symptoms of alfalfa anthracnose. All of the selected
isolates form germinative bodies — acervulae — on mycelium. Acervulae can be grouped
or scattered across the colony area. Their size in the culture was 100—250 mm. Conidia
were short, cylindrical, relatively broad, with both end obtuse 7,85 x 3,85 mm. Appressoria
were ovate to obovoid, pale to medium brown 7,5—16,5 x 5,5—8,9 µm.

KEY WORDS: Colletotrichum trifolii Bain et Essary, alfalfa, morphology, patho-
genicity

INTRODUCTION

Colletotrichum trifolii Bain et Essary, inducer of alfalfa anthracnose, is
widespread in many areas in Central Serbia and Vojvodina. Considering that
and, also, the damage it can cause, anthracnose is economically very important
disease (R o b o t i ã i sar., 1983; R o b o t i ã i K l o k o å a r - Š m i t, 1983).
The damage caused by this pathogen agent can be seen trough decreased
quantity and quality of green mass from 10 to 70%, depending on the alfalfa
cultivar, pathogen species and edaphic factors (S t u t e v i l l e and E r w i n,
1990).

The effect of this disease is a decrease of the alfalfa field duration. An-
thracnose decreases vigor of the individual plants and thins out the plant popu-
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lation. During summer and autumn, the diseased plants start to appear in the
alfalfa fields. These diseased plants have characteristic appearance. Several
stems of the plant have yellow to silverfish color and start to show the signs
of wilting. The apical part of the plants is curved down, forming the so-called
“shepard's hook". These symptoms correspond with symptoms described in
the other countries by various authors (O s t a z e s k i et al., 1969; D e v i n e
et al., 1971). In our country, authors that have studied this fungus are R o b o -
t i ã i sar. (1983a); Milijiã i sar. (1986); V a s i ã i sar. (2005).

Considering the damage that anthracnose induces in the alfalfa fields in
our country and considering the fact that this disease was not studied in detail,
this study was performed. The aim of this study was to collect the isolates of
Colletotrichum spp. in Serbia and to study its pathogenicity and morphological
characteristics. A detailed study of alfalfa anthracnose inducer enables us to
understand pathologic processes and possibilities for eradication of this patho-
gen agent.

MATHERIAL AND METHODS

Using standard mycological methods, several fungi isolates were obtained.
For the further study, four of these isolates were selected, while the fifth iso-
late CBS 158.83 was imported from the Netherlands. These five selected Col-
letotrichum spp. isolates (Luc-7, Luc-17, Luc-27, Luc-33 and CBS 158.83)
were further tested by using two different methods. Alfalfa cultivar K-28 was
used for this experiment. The plants were sampled from fields and transplanted
into vessels. Two methods of inoculation were used. The first method (A) is
based on inoculation of the damaged alfalfa plants by applying fragments of
Colletotrichum spp. colonies of the studied isolates. The second method (B) is
based on inoculation of the undamaged alfalfa plants by applying colonies
fragments, too. The marks used for the evaluation of the plants range from 1
to 5 (O s t a z e s k i et al., 1969).

The macroscopic and microscopic morphological characteristics of the se-
lected isolates were studied. The basic characteristics of the colonies were con-
sidered and described for macroscopic study. The morphological traits of the
five selected Colletotrichum spp. isolates (Luc-7, Luc-17, Luc-27, Luc-33 and
CBS158.83) were studied on the nutrient medium using the method of B a x -
t e r et al. (1983). The morphological traits of appressoria of the studied isola-
tes were determined using a modified method after H a w k s w o r t h (1974).
The presence or absence of sets in the culture was determined using the
method by S m i t h and B l a c k (1990). Also, the possibility of forming te-
leomorphic state in the isolates was studied according to B a x t e r et al.
(1983).
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RESULTS

Symptoms

During a three year period, in summer and autumn, it has been determi-
ned that diseased plants appear in the alfalfa fields. These plants have charac-
teristic appearance. Several stems of one plant or shrub have yellow or silvery
color and start to wilt. The diseased plants have characteristic curved apical
parts, which form the so-called “shepard's hook".

At the lower parts of the diseased plant, the most often at the lower third,
light to dark brown spots with black borders can be seen. Mycelium of the pa-
rasite grows right down trough the stem, and when the stem withers, the
so-called “crown anthracnose" starts to show. The infection of the plant and
root crown is characterized by dry rotting that stains the infected tissue in
blue-black color (Fig. 1.).

Pathogenicity assessment

All of the studied isolates have caused the symptoms of alfalfa anthrac-
nose on the plants that were treated using both quoted methods (A and B).
The control group of plants did not develop these symptoms, since they were
inoculated with the substrate that did not contain mycelium. However, the
intensity of the symptoms was different between the used methods after 15
days. The intensity of the symptoms in the first method (A) was somewhat
stronger than the intensity of the symptoms in the second method (B). This
can be explained by the fact that conidia have needed some time to start ger-
minating, to form the appressoria, to penetrate cuticle and to infect the plant.
Thirty days after the infection, there weren't any significant differences in the
expression of the symptoms between the quoted inoculation methods (tab. 1).
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Tab. 1 — The pathogenicity of the five Colletotrichum spp. isolates on the alfalfa, assessed by
using two different inoculation methods.

Isolates
Method A Method B

After 15 days After 30 days After 15 days After 30 days

Luc-7 + ++ + ++
Luc-17 ++ +++ + +++
Luc-27 ++ +++ + +++
Luc-33 ++ +++ + ++
CBS158.83 ++ +++ ++ +++
Control — — — —

LEGEND: — no lesions (class 1),
+ lesions are present on the stem, but there are no withered stems (class 2),
++ numerous lesions on the stem, stem starts to wilt (class 3),
+++ stems are withered and dry (class 4).

Morphological characteristics

On the very first day, on the KDA medium, studied isolates Luc-7,
Luc-17, Luc-27 and Luc-33 form white mycelia 3—4 mm in diameter. When
the colonies reach 40—55 mm in diameter, the middle part of the colony starts
to turn darker and gains green or olive green coloration, while the colony bor-
der still keeps white coloration.

Also, as it ages, the colony develops uniformly. It gains olive green to
gray coloration (Fig. 2), on the entire surface. Also, it creates acervulae and
pink spore mass. The studied Colletotrichum spp. isolates formed germinative
bodies — acervulae. Acervulae were small in size, misshapen or round, pale to
dark brown, almost black in color and stromatic. Acervulae that were formed
in these cultures were 100—250 mm in diameter. It was also determined that
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the isolates Luc-17 and CBS 158.83 formed
sets in the conidiomates. Sets were light to
dark brown in color, usualy straight, with
smooth or lightly wrinkled surface, often wi-
der in the basis and more pointed and some-
what darker at the top. Sets were septated
with 1—3 septs, and 45,5—65,45 x 3,2—5
mm in size (Fig. 3).

The average colony size was 7,85 x 3,87
µm. Insignificant differences between isola-
tes originating from different part of Serbia
were determined, while CBS 158.83 isolate
has formed significantly larger conidia. Ba-
sed on the quoted morphological criteria, all
of the studied isolates were positioned into
isolates with dominant cylindrical conidia,
smooth at both ends (Fig. 4).

During germination, conidia undergo cer-
tain morphological changes. First, the coni-
dia swell up, after which they often lose
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the isolate Luc-17 and CBS 158.83

Fig. 4 — Conidia appearances of the studied
C. trifolii isolate Luc-27

Fig. 5 — Conidia of isolate Luc-7 starts to
germinate, while septa are not formed



their granular content and become more transparent, while in their equatorial
part there is no development of the septum (Fig. 5).

On the apical parts of the germinated initial hyphae or their branches, ap-
pressoria or secondary conidia can be often formed. Formed appressoria were
light brown or hyalic at first, but, in time, oil globules are formed, and their
outer walls become thicker, after which they become dark brown in color.
Average dimensions of the appressoria were 7,5—16,5 x 5,5—8,9 �m (Fig. 6).

All of the studied Colletotrichum spp. isolates obtained from Central Ser-
bia and Vojvodina, as well as the control isolate CBS 158.83 obtained from
the Netherlands did not form perithecia.

DISCUSSION

After the study of pathogenicity of the C. trifolii isolates obtained from
Serbia it was determined that there had been expression of the symptoms of
anthracnose in the inoculated plants. B a x t e r et al. (1983) point that Col-
letotrichum trifolii, when cultivated on KDA medium, forms acervulae. The
same is with our results. According to B a x t e r et al. (1983), S t u t v e i l l e
and E r w i n (1990), conidia are cylindrical, rounded at both ends, 11—15 x
3—5 µm in size, which corresponds to our results. G r a h a m et al. (1976)
point that phytopatogen fungus C. trifolii rarely forms sets in the culture. The
similar results were achieved in our study. Studies of B a i l e y et al. (1992)
and B a x t e r et al. (1983) point that phytopatogen fungus of Colletotrichum
spp. genus has the ability to form appressoria when infectious hyphae touches
solid surface. This fact also corresponds to our results. B a x t e r et al. (1983)
point that teleomorphic state was never found in association with anamorphic
state in the culture.

On the basis of the symptoms found in fields, and pathogenic and mor-
phologic traits of the five selected isolates of the studied fungus, it has been
determined that they are similar to Colletotrichum trifolii Bain et Essary spe-
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cies. According to S u t t o n (1992), the morphology is the base for differen-
tiation of the species of Colletotrichum genus. However, according to this
author, it is necessary to use molecular methods to create a reliable system for
identification of species of this genus. Identification of the obtained Colleto-
trichum spp. isolates using somewhat modified C a n o et al. (2004) method
has shown that the isolates Luc-7, Luc. 17, Luc. 27 and Luc-33 are indeed
C. trifolii.
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Rezime

U toku leta i jeseni u lucerištu su zapaÿene obolele biqke lako prepo-
znatqive po boji i izgledu. Po nekoliko stabala na jednoj biqci dobijaju sla-
masto ÿutu do sedefastu boju i venu. Obolele biqke imaju karakteristiåan vrh
povijen nadole, u vidu tzv. “pastirske kuke". Iz zaraÿenih biqaka lucerke,
standardnim mikološkim postupcima, dobijeno je više izolata gqive, od kojih
su za daqa prouåavawa odabrana åetiri. Za proveru patogenosti ispitivanih
izolata Colletotrichum spp. korišãene su dve standardne mikološke metode: sa
povreðivawem stabqika lucerke i bez povreðivawa stabqika. Tokom ovih pro-
uåavawa utvrðeno je da su svi prouåavani izolati prouzrokovali simptome ka-
rakteristiåne za antraknozu lucerke. Svi odabrani izolati na miceliji obra-
zuju plodonosna tela — acervule, koje u okviru kolonija mogu biti grupisane u
jednom delu ili razbacane po celoj površini kolonija. Wihova veliåina u
kulturi je iznosila 100—250 �m. U acervulama se formiraju mnogobrojne jedno-
ãelijske konidije koje su izduÿenog cilindriånog oblika, zaobqene na krajevi-
ma, veliåine 7,85 h 3,85 �m. Posle klijawa konidija sva åetiri prouåavana izo-
lata formiraju apresorije, åije su dimenzije u proseku 7,5—16,5 h 5,5—8,9 �m,
što je jedna od glavnih karakteristika fitopatogenih gqiva iz roda Colleto-
trichum.
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BIPOLARIS SOROKINIANA
(TELEOMORPH COCHLIOBOLUS SATIVUS)

— CAUSER OF BARLEY LEAF LESIONS AND
ROOT ROT IN MACEDONIA

ABSTRACT: Diseased barley plants (Hordeum vulgare), were noticed in the area of
Kumanovo, Bitola, Probistip, Skopje and Kocani, at the beginning of March, 2006. Our in-
vestigations were carried out in the period from 2006 to 2009. The plants were highly di-
seased, probably in the stage of germination, dwarfed with necrotic leaves and with poorly
developed root. A rotten root collar was noticed notice in some plants, which could be
easily pulled out from the soil. Plants infected in a later developing stage became yellow
from the top of the leaf, and many brown-olive, oval shape lesions were noticed. Conidia of
Bipolaris sorokiniana (Sacc.) Shoen., were isolated from symptomatic lesions. Pseudothecia
with asci and ascospores from teleomorph Cochliobolus sativus, were found on the barley
straw in the same field the previous year.

KEY WORDS: ascuses, ascospores, conidia, Hordeum vulgare, Cochliobolus sativus,
pseudothecia

INTRODUCTION

Barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) are the
most important crops in the Republic of Macedonia, and are cultivated in over
88735,55 ha (wheat) and 32864,52 ha (barley) (National Statistics of Macedo-
nia, 2007).

Barley and wheat, like all other crops, are host plants for many different
pathogens, causal agents of diseases.

Cochliobolus sativus (Ito and kurib.) Drechsl. ex Dastur Bipolaris soroki-
niana (Sacc in sorok.), the causal agent of spot blotch of barley (Hordeum vul-
gare) is a common foliar pathogen worldwide, but is particularly aggressive
under conditions of high relative humidity and temperature associated with im-
balanced soil fertility (D u v e i l l e r and A l t a m i r a n o, 2000). It has a
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wide host range and it is economically important for wheat (M a t h r e, 1982,
N u t t e r et al., 1985).

Spot blotch of barley caused by C. sativus (Ito and Kurib.) Drechsl. ex
Dastur Bipolaris sorokiniana (Sacc in sorok.) Shoem. Helminthosporium sati-
vum Pamm, King and Bakke is responsible for low yield and poor quality in
many parts of the world (P i e n i n g et al., 1976; N u t t e r et al., 1985). In
susceptible barley cultivars, average yield losses of 16%—33% have been re-
ported (C l a r k, 1979). The development of barley genotypes resistant, or tole-
rant, to spot blotch is considered to be the most economic way for controlling
this disease.

Symptoms in barley

Spots (lesions) that are chocolate brown-to-black appear near the soil line
or at the base of the sheaths that cover the seedling leaves. Infections may pro-
gress until the seedlings turn yellow and die, either before or after the emer-
gence, thus reducing the stand. The latter case is more frequent. Affected seed-
lings may be dwarfed and have dark green leaves. Diseased barley seedlings
commonly have weakened, dark brown rotted crowns and roots. When seed-
ling infections are severe, plants may be dwarfed, the heads may not emerge
completely, and the kernels are poorly filled (I v a n o v i c, 2001).

Barley plants that avoid serious seedling infection usually appear normal
until about heading time, when the characteristic leaf lesions, of various sizes
and shapes appear on the lower leaves after warm, moist weather. The center
of each lesion is dark brown with gradual change into green colour at the edge
of the leaf. Many spots are oblong or lens-shaped, with centers lighter brown
than the edges. Where numerous, the lesions may merge, thus producing large
irregular blotches. Heavily infected leaves dry out and die prematurely.

The centers of older lesions on both living and dead leaves have an olive-
-green cast caused by fungus growth and an abundant production of summer
spores (conidia). Spot blotch starts on the older leaves and sheaths, spreading
upward to the younger leaves. The lesions never have the netted appearance
characteristic of net blotch.

A spot blotch is a very important disease in Macedonia but before this
study no other studies conducted about the diversity of the Cochliobolus sati-
vus populations in the barley fields have been carried out.

In this study the presence and distribution of Bipolaris sorokiniana (teleo-
morph Cochliobolus sativus) from different regions in Macedonia, and the pos-
sible ways of control and prevention were investigated.

MATERIAL AND METHODS

Host plants

Barley fields in Kumanovo, Bitola, Probistip, Skopje and Kocani areas,
were used for this observation. Initial symptoms of common root rot in barley
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on young seedlings from inoculum carried on the seed, or from infections ori-
ginating from soilborne conidia near the seedling, were observed. Dark brown
lesions appear on the outer coleoptile tissue and/or on the leaf base (Figure 1).
Lesions may coalesce into long areas of necrotic brown tissue. In extreme ca-
ses, the entire seedlings may die. In most cases, however, the seedling will
survive but the growth of the developing plant may be stunted (Figure 2).

Dark brown-to-black spots may appear on the glumes and kernels. The
black point at the germ (embryo) end of a kernel is a common symptom (Fi-
gure 3). Kernels infected early are shriveled and lightweight. Barley seeds,
healthy and infected, were put on filter paper for observation (Figure 4).

In this observation analysis of wheat straw from the previous year col-
lected from the same field, was also performed (Figure 5).
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Fig. 1 — Dark lesions
on the coleoptile

Fig. 2 — Stunting of seedlings infected
and leaf bases caused by C. sativus
by the common root rot organism

Fig. 3 — Black point of barley seeds Fig. 4 — Barley seeds on filter paper



Fungal isolates

During the seasons 2006, 2007, 2008 and 2009, the isolates from Cochlio-
bolus sativus were obtained from barley leaves showing spot blotch symptoms
in different locations of Macedonia.

Isolates from plant tissue. In order to isolate the pathogen from infected
tissues on various media, it is best to wash the tissue well with running water
for several minutes and up to 1 or 2 hours. After that, leaf surfaces were steri-
lized in 0.1% aqueous solution of mercuric chloride, rinsed twice with distilled
water and dried between filter papers. The sterilized leaves were cut into small
pieces 5 mm long and transferred to Petri dishes containing potato dextrose
agar medium (PDA).

Isolates from infected barley seeds. The seeds were sterilized in the
0.1% aqueous solution of mercuric chloride, rinsed twice with distilled water
and dried between filter papers. After that, the seeds were cut lengthwise and
transferred to Petri dishes containing potato dextrose agar medium (PDA).

RESULTS

The anamorph stage of Cochiobolus sativus was easily isolated from
symptomatic tissue placed under moist conditions. The mycelium of Bipolaris
sorokiniana had an olive colour, and when older, it had dark or black colour
(Figure 6).

More often, we found individual or group olive-brown conidiophores, and
large brown phragmoid (cross walls only in one direction) conidia borne
laterally and terminally on the conidiophore. Conidia were formed quickly and
were quite evident by their characteristic dark brown oval shape with thick
cross walls (Figure 7). They usually appeared within a few days at a room
temperature.
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Fig. 5 — Barley straw with presence of pseudothecia from teleomorph C. sativus



In microscopic observations, 3—7 septata conida, from conidialen stadi-
um of Cochiobolus sativus, Drechslera sorokiniana (Syn. Bipolaris sonokinia-
na) were found. In more cases, conidia were with 5 to 6 septa, cylindrical with
oval point, with dimensions of 5—6 mm in width and 120—140 mm in
length, and had olivaceous colour (Figure 8).

Leaves from filter paper, at temperature of 25°C, after 5 days showed the
presence of septic, granulated mycelia with olive color (Figure 9). On the plant
tissue the presence of conidiophores and conidia of Bipolaris sorokiniana was
also observed (Figure 10).

Pseudothecia with asci and ascospores from teleomorph Cochliobolus sa-
tivus, Pammel; King & Bakke, were found on barley straw from the previous
year, on some fields (Figure 11 and 12).

Ascospores are usually slight, septic and discoloured with the dimensions
of 6x320 mm and with 6 or 7 septate (Figure 13).
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Fig. 6 — Olive micelia on
nutrient agar

Fig. 7 — Conidiophores and conidia
of common root rot pathogen, C. sativus

Fig. 8 — Conidii from Drechslera sorokiniana
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Fig. 9 — Mycelium on PDA Fig. 10 — Conidiophores and conidia
from Cochliobolus sativus

Fig. 11 — Pseudothecia Fig. 12 — Cracking of pseudothecia and
releasing of ascospores

Fig. 13 — Ascospores



DISCUSSION

Cochliobolus sativus (Ito and kurib.) Drechsl. ex Dastur Bipolaris soroki-
niana (Sacc in sorok.), the causal agent of spot blotch of barley (Hordeum vul-
gare) is a common foliar pathogen worldwide. It has a wide host range and it
is economically important for wheat (M a r t h r e, 1982, N u t t e r et al.,
1985).

Diseased barley plants (Hordeum vulgare), were noticed in the areas of
Kumanovo, Bitola, Probistip, Skopje and Kochani at the beginning of March,
2006. The plants were highly infected, probably in the stage of germination,
dwarfed with necrotic leaves and with poorly developed root. A root rot collar
was noticed in some plants, which could be easily pulled out from the soil.
Plants infected in a latter developing stage became yellow from the top of the
leaf and many brown-olive oval shape lesions were noticed. Conidia from
B. sonokiniana were isolated from symptomatic lesions.

Pseudothecia with asci and ascospores from teleomorph Pammel; King &
Bakke were found on the barley straw from the previous year, in some fields.

Our results indicate the recesseity of monitoring and controlling the
barley plants in order to prevent the infections of Cochiobolus sativus, which
can occur in all stages, from early spring, before germination, untill the end of
the vegetation.

In all observed barley fields, the symptoms of spot blotch of barley, were
present in the earliest phase of development, thus leading to a conclusion that
the disease came from the seed material or soil in which pathogen had spent
the winter.

Damages in the barley production during the mentioned years (from 2006
to 2009) were estimated to range from 30% tp 70% of yield losses.

Control and prevention

To reduce the infection in the barley fields, the most important practice is
to use healthy and certified seed material. Before use, seeds must be treated
with fungicide. If the infection already exists, as it was the case with our inve-
stigation in 2007, then it is necessary to treat the seeds with fungicide “propi-
conazol" in dosage of 0,5 l/ha, twice per season. With constant monitoring of
plants, along with treated seeds of barley, the reduction in percentage of the
infected grains could be detected next year.
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BIPOLARIS SOROKINIANA (TELEOMORPH COCHIOBOLUS SATIVUS)
— UZROK OŠTEÃEWA I PEGAVOSTI LISTA I TRULEŸI

KORENA JEÅMA U MAKEDONIJI

Ilija K. Karov, Saša K. Mitrev, Emilija D. Kostadinovska

Univerzitet „Goce Delåev" Štip, Poqoprivredni fakultet,
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Rezime

U prvoj nedeqi meseca marta 2006. godine registrovana je bolest jeåma u
okolini Kumanova, Bitoqa, Probištipa, Skopqa i Koåana. Terenska i labora-
torijska ispitivawa zaraÿenog materijala su uraðena u periodu od 2006. do
2009. godine. Analizom je utvrðeno da su biqke najverovatnije bile zaraÿene
još u fazi klijawa. Konstatovane su wihova zakrÿqalost, poÿutelost listova i
slaba razvijenost korena. Kod nekih biqaka je zabeleÿena pojava truleÿi pri-
zemnog dela stabla kao i wihova slaba veza sa podlogom. Kod biqaka koje su ka-
snije zaraÿene nekroza se pojavila prvo na listovima i manifestovana je preko
mnogobrojnih kafeno maslinastih pega nepravilnog elipsoidnog oblika. Iz
simtomatiånih pega su izdvojene konidije fitopatogene gqive Bipolaris soroki-
niana (Sacc.) Shoen.

Pseudoteci je sa askusima i askosporima telemorfnog stadijuma Cochliobo-
lus sativus Pammel; King & Bakke, pronaðene su u ostacima slame jeåma od pret-
hodne godine sa iste parcele u blizini parcele sa zaraÿenim biqkama.
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GIBBERELLA FUJIKUROI (SAWADA) WOLLENWEBER,
THE NEW PARASITICAL FUNGUS ON RICE

IN THE REPUBLIC OF MACEDONIA

ABSTRACT: The recent observation of Gibberella fujikuroi (Sawada) Wollenworth
(teleomorph) (anamorf: Fusarium moniliforme Sheld.) Fusarium fujikuroi Nirenberg (ana-
morph), F. moniliforme J. Sheld. (synonym), the causal agent of Bakanae disease in rice
fields, provides an opportunity to observe the characteristics of the pathogen and the
possibility of prevention in Kocani area. Plant material with Gibberella fujikuroi symptoms
was collected from rice (Oryza sativa) over the period of 3 years (from 2006 to 2008).
Within this study, the presence and damage caused by this pathogenic fungus were con-
firmed. The objective of this study was a continuous field observation of symptoms in order
to establish the percentage of infection and use of laboratory methods for proper protection.

KEY WORDS: Bakanae, Gibberella fujikuroi, Kocani, rice fields

INTRODUCTION

Rice (Oryza sativa L.) is an important crop in the Republic of Macedo-
nia, and is cultivated in over 2991,55 ha, from which 2840,60 ha are located
in the area of Koåani (National Statistics of Macedonia, 2007). Among various
diseases, which effect the crop production, Bakanae is the leading one.

The name Bakanae means “bad" or “naughty" seedlings in Japanese, re-
ferring to the elongation symptoms specific for the disease, and caused by gib-
berellin production of the pathogen upon infection of the host. The causal
agent of Bakanae disease of rice is fungus (Gibberella fujikuroi, Sawada,
Wollenworth — teleomorph, (anamorf: Fusarium moniliforme Sheld.), Fusa-
rium fujikuroi Nirenberg (anamorph), F. moniliforme J. Sheld. synonym). The
fungus produces gibberellins and other secondary metabolites such as carote-
noids, bikaverin and fusarin, which directly affect the rice growth.

Bakanae is a monocyclic disease and the pathogen is often spread pre-
dominantly with infected seeds, although infected crop residue from the pre-
vious season may also serve as a source of inoculum.
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Bakanae is traditionally associated with rice, but water grass plants such
as Echinochloa spp., with classic symptoms of Bakanae were also observed in
California in 2002 (C a r t e r, L. A., 2008). Although the Bakanae disease
usually causes dieback or sterility of rice, mycotoxin contamination also pre-
sents a concern since the pathogen is seed-borne.

The teleomorph, Gibberella fujikuroi, has been reported on rice in China,
Japan and Taiwan, (S u n, 1975; S u n g and S n y d e r, 1977; W a t a n a b e
and U m e h a r a, 1977). Ascospores are reported as the primary source of
inoculum for Bakanae in Taiwan (S u n, 1975).

Disease Symptoms

Symptoms vary depending on the strain, inoculum levels and the pre-
sence of toxin. High inoculum density leads to seedling blight, stunting and
chlorosis. Low inoculum levels result in etiolation symptoms due to gibberel-
lin production.

Typical symptoms caused by Gibberella fujikuroi are usually characte-
rized with:

— infected plants that are several inches taller than normal plants in
seedbed and field;

— thin plants with yellowish green leaves and pale green flag leaves;
— dieback seedlings at early stage;
— reduced and dried of leaves at late infection;
— partially filled sterile or empty grains on surviving plant at maturity;
— infected seedlings with lesions on roots, that die before or after.
Moreover, there is no other disease with symptoms similar the those of

the Bakanae disease of rice.

Characteristics of Gibberella fujikuroi

The pathogen sexually produces ascospores that are formed within a sac
known as ascus. Asci are contained in the fruiting bodies called ascocarps
which are referred to as perithecia. The perithecia are dark blue and measure
250—330 x 220—280 �m. They are spherical to oval and somewhat rough-
ened outside. The asci are cylindrical, piston-shaped, flattened above, and their
dimensions are 90—102 x 7—9 �m. They are 4, 6 but seldom 8-spored. The
spores are one-septate and about 15 x 5.2 �m. They are occasionally larger,
measuring 27—45 x 6—7 �m.

The anamorph produces gibberellin and fusaric acid. Biological studies of
the two substances showed that fusaric acid causes stunting and giberrellin
causes elongation.

Hyphae are branched and septated. The fungus has micro and macroco-
nidiophores bearing micro and macroconidia, respectively. The microconidio-
phores are single, lateral, and subulate phialides. They are formed from aerial
hyphae. The microconidia are, more or less, agglutinated in chains and remain
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joined or cut off in false heads. They are later scattered in clear yellowish to
rosy white aerial mycelia as a dull, colorless powder. They are 1—2 celled
and fusiform oval.

The macroconidiophores have basal cells with 2—3 apical phialides,
which produce macroconidia. The macroconidia are delicate, slightly sickle-
-shaped or almost straight. They narrow at both ends and are occasionally
somewhat bent into a hook at the apex and distinctly or slightly foot-celled at
the base.

The sclerotia are 80 x 100 �m. They are dark blue and spherical. The
stroma are more or less plectenchymatous and yellowish, brownish, or violet.

MATERIAL AND METHODS

Collection of samples

Field analyses of plant material

Plant material with symptoms symilar to that caused by Gibberella fuji-
kuroi, was collected from rice (Oryza sativa) during the period of 3 years
(2006—2008). Each year, collections were made throughout the whole rice
growing season. The seedlings with early symptoms of Bakanae disease, par-
ticularly chlorosis and elongation, were collected from rice fields in Koåani
areas. Later in the season, plants showed visible symptoms in the field (Figure
1). During this period, 10 different fields were observed, and 5 infected sam-
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Fig. 1 — Visible symptoms in the field caused by Gibberella fujikuroi



ples, were collected. Symptomatic plants have thin stem, 30 cm higher than
normal, and leaves are usually yellowish green and elongated in comparison
with normal leaves (Figure 2).

Isolation of the pathogen

Isolation of the pathogen was made from the stem and leaves of the
symptomatic plants collected from the rice fields in Koåani areas. They were
cut into 1 cm2 pieces, sterilized with 0.1% aqueous solution of mercuric chlo-
ride, rinsed twice with distilled water and then placed on potato dextrose agar
medium (PDA). The plates were incubated at 27 � 2°C for 5 to 7 days. After
the development, isolated fungi were identified according to N e l s o n et al.
(1983).

Pathogenicity testing

All collected isolates were screened for ability to induce simptoms of Ba-
kanae on rice seedlings. Isolates grew on the potato dextrose agar for 10 to 15
days, until the mycelia clearly emerged. When mycelia fullfiled Petri dishes,
one small piece of mycelia with agar was cut and used to make a suspension
with sterile distilled water. Mycelium was scarped with a sterile glass slide.
Ten seeds of different rice cultivars (San Andrea and Monticelli), were soaked
in 25 ml of suspension for 1 h at 25°C. The control seeds were soaked only in
sterile distilled water (Figure 3). The experiment was conducted during May in
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Fig. 2 — Abnormal oblong stem and leaves



an open environment and data for Bakanae symptoms, expressed in percentage
of plant infection were evaluated 60 days after sowing.

RESULTS

Morphology

After field analysis, a laboratory testing for detection and identification of
rice pathogen was conducted. Thirty morphologically consistent isolates gained
from the plant material with typical Bakanae symptoms were analysed. All
isolates on potato dextrose agar (PDA), established the same mycelia. Clear
culture had mycelia with white color on the top of Petri dishes and the
mycelia was redish to brown coloured on the underside. In our case, all Petri
dishes were with lilac colour on the underside (Figure 4).

The fungus has micro and macro conidiophores bearing micro and macro
conidia, respectively (Figure 5). Microconidiophores are single, lateral and for-
med from hyphae, while macroconidiophores consist of a basal cell bearing
2—3 apical phialides which produce macroconidia. Macroconidia are multi-
-celled (3 to 7 septate), slightly curved or bent at pointed ends, typically ca-
noe-shaped and measure 25—60 x 2.5—4 �m. Microconidia are one-celled,
ovoid or oblong, borne singly in chains or false head on laterally borne coni-
diophores and measure 5—12 x 1.5—2.5 �m. Some conidia are intermediate,
with two or three cells, oblong or slightly curved.
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Fig. 3 — Test of pathogenicity — control with sterile water and infected
plant with suspension from Gibberella fujikuroi



The results from pathogenicity testing showed visible symptoms on in-
oculated plants. The ten seeds of different rice cultivars (San Andrea and
Monticelli), which were soaked in 25 ml of suspension for 1 h at 25°C, after
60 days showed visible symptoms in comparison with the control seeds, which
were soaked only in sterile distilled water.

Symptomatic plants have stem 30 cm higher than normal, and leaves are
usually chlorotic and elongated when compared to the normal ones, with angle
position of 90°C.

DISCUSSION

The teleomorph, Gibberella fujikuroi, has been reported on rice in China,
Japan and Taiwan (S u n, 1975; S u n g and S n y d e r 1977; W a t a n a b e
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Fig. 4 — Mycelia from parasitic fungus Gibberella fujikuroi

Fig. 5 — Micro and macroconidii from Gibberella fujikuroi



and U m e h a r a 1977). Ascospores are reported as the primary source of
inoculum for Bakanae in Taiwan (S u n, 1975).

Bakanae is a serious disease endangering rice fields in the Republic of
Macedonia, and with this observation, the presence and damage caused by this
pathogenic fungus were confirmed.

The seeds are usually infected during the flowering stage of the crop.
Severely infected seeds are discolored because of the pathogen conidia. Seed
infections occur via airborne ascospores and lead to conidia that contaminate
the seed during harvesting. Discoloured seeds give rise to stunted seedlings,
whereas the infected seeds without discolouration produce seedlings with typi-
cal Bakanae symptoms. Infections may also take place with spores and myce-
lium, which are left in the water used for seed soaking.

The fungus infects plants through roots or crowns. It later becomes
systemic, i.e. it grows within the plant and systemically infect the panicle. The
microconidia and mycelium of the pathogen are found to be concentrated in
the vascular bundles, particularly large pitted and xylem vessels.

Sine the production of gibberilin has not been investigated in Macedonia,
our future observations are planned to focus on gibberellin production by the
pathogen upon infection of the host.

Control and prevention

Clean seeds should be used to minimize the occurrence of the disease.
Salt water can be used to separate lightweight and thereby reduce seedborne
inoculum. In our observation, we did not treat our seeds, but the already pub-
lished studies proved that seed treatments using fungicides such as thiram, thio-
phanate-methyl, or benomyl are effective before planting. Benomyl or beno-
myl-t applied at dose of 1—2% (seed weight basis) should be used for dry
seed coating. However, rapid increase of resistance against benomyl and car-
bendazim has been reported which may be caused by their successive applica-
tions. Triflumizole, propiconazole and prochloraz were found to be effective
against strains that are resistant to benomyl and the combination of thiram and
benomyl.

REFERENCES

B i s m a s, S. and D a s, S. N. (2003): Survival of Fusarium moniliforme in different
sources, J. Mycopathol. Res. 41: 55—58.

C a r t e r, L. L. A., L e s l i e, F. J. and W e b s t e r, R. K. (2008): Population Struc-
ture of Fusarium fujikuroi from California Rice and Water Grass, Phytopatho-
logy, 992—998.

National Statistics of the Republic of Macedonia (2007): ISBN: 978-9989-197-02-4
Book II (1—129).

N e l s o n, P. E., T o u s s o u m, T. A., M a r a s a s, W. F. (1983): Fusarium spp. An
illustrated manual for identification, The state University Press, Penn, USA, pp.
203.

181



S u n, S. K. (1975): The diseases cycle of rice Bakanae disease in Taiwan, Proc. Natl.
Sci. Counc. Repub. China 8: 245—255.

S u n d e r, S. and S a t y a v i r (1998): Survival of Fusarium moniliformae in soil,
grains and stubbles of paddy, Indian Phytopathol. 51: 47—50.

W a t a n a b e, T. and U m e h a r a, Y. (1997): The perfect state of the causal fungus of
Bakanae disease of rice plants re-collected at Toyama, T. Mycol. Soc. Jpn., 18:
136—142.

W a t a n a b e, Y. (1974): The possibility of soil transmission in Bakanae disease and
the contamination of seeds with causal fungus during the hastening process of
seed germination, Bull. Tokai Kinki Natl. Agric. Exp. Stn. 27: 35—41.

GIBBERELLA FUJIKUROI (SAWADA) WOLLENWEBER, NOVA PARAZITNA
GQIVA NA PIRINÅU U REPUBLICI MAKEDONIJI

Ilija K. Karov, Saša K. Mitrev, Emilija D. Kostadinovska

Univerzitet „Goce Delåev" Štip, Poqoprivredni fakultet,
Odeqewe za zaštitu biqaka „Krste Misirkov" bb,

p. fah 201, 2000 Štip, Makedonija

Rezime

U ova istraÿivawa bili su ukquåeni uzroånici Bakane bolesti na pirin-
åanim poqima oko Koåana, sa ciqem da se ispitaju karakteristike patogena
Gibberella fujikuroi, kao i moguãnost zaštite pirinåa. U trogodišwem periodu,
od 2006. do 2008. godine, biqni materijal sa simptomima Gibberella fujikuroi
bio je pregledan i kolekcioniran sa pirinåa (Oryza sativa). Ovim detaqnim is-
pitivawima potvrðeni su prisustvo i šteta pruzrokovana ovom patogenom gqi-
vom. Ciq ovog istraÿivawa je bio da se kontinuirano prate simptomi bolesti
sa poqa da se utvrdi procenat infekcije, a takoðe preko laboratorijskih meto-
da omoguãi odgovarajuãa zaštita.

182



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 116, 183—190, 2009

UDC 633.11:632.4]:632.938
DOI:10.2298/ZMSPN0916183P

M a r i n a I. P u t n i k - D e l i ã1

1 Faculty of Agriculture Novi Sad,
Trg D. Obradoviãa 8, 21000 Novi Sad, Serbia

RESISTANCE TO PUCCINIA TRITICINA
AT DIFFERENT STAGES OF WHEAT

ABSTRACT: Ten wheat genotypes were tested for resistance characteristics to Puc-
cinia triticina. Infection intensity in the field was evaluated at different growth stages, and
time of spike appearance and leaf senescence were recorded. At seedling stage, under the
controlled conditions of greenhouse, latency period, infection frequency and reaction type
were determined. Resistance characteristics at different wheat growth stages were strongly
correlated. Correlation coefficient between LP x RT x IF and AUDPC values, was 0.828.
The highest coefficients of correlation between particular resistance characteristics and
maximal intensity in the field were determined with the last evaluation in the field (0.665,
0.476 and 0.834). Time of spike appearance was very variable for different genotypes,
whereas leaf senescence was recorded concomitantly for near all genotypes. The exception
was Rusalka, as the most resistant in the field. All genotypes included in this three-year
long experiment expressed stability with respect to infection intensity at different growth
stages. Genotype Timson showed the highest level of resistance according to all tested cha-
racteristics, while genotype Pkb krupna showed the lowest.

KEY WORDS: Puccinia triticina, resistance, wheat genotypes

INTRODUCTION

Leaf rust, as an important wheat disease (Puccinia triticina), was descri-
bed in 1797, and the cycle of disease development was described in 1927.
Nowadays, it is still one of the major parasites worldwide. In our country,
average yield losses due to this disease were about 38%, and considerably
smaller damage was recorded on domestic wheat genotypes (J e r k o v i ã and
P u t n i k - D e l i ã, 2004, 2005).

Consequences of pathogen attack were reduction of photosynthesis and
collapse of metabolism. At the beginning of plant development, infection re-
duces resistance to low temperatures or reduces stalk and seed number (P u t -
n i k - D e l i ã, 2008). The most frequent consequence of infection is poor seed
quality (J e r k o v i ã, 1995). Susceptibility of commercial varieties is the result
of growing the same varieties for long time on very large surfaces. On the
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other hand, wheat breeding does not always follow the dynamics of pathogen
changes (P u t n i k - D e l i ã, 2006).

Species from genus Puccinia have huge reproductive potential. Therefore,
initial inoculums originating from different sources are always present.

Wheat breeding for resistance to parasites could be improved with the
help of seedling test. Experimental data suggest that it is possible to select for
sources of resistance already at seedling stage.

The most exploited method for evaluation of wheat resistance at seedling
stage to Puccinia triticina is according to the reaction type. This feature is de-
pendent on temperature, and at seedling stage optimal temperature is 15—
20°C. Even then, some results are not correlated with infection efficiency and
reaction type in the field. Low infection efficiency and prolonged latent period
are sufficient to reduce the development of pathogen and make non-economic
application of the other protection measures (J e r k o v i ã, 1992). Low infect-
ion efficiency is the most discussible parameter whose better explanation is
necessary in order to fully understand the process of overcoming the genes for
resistance (N i k s et al., 2000).

Environmental conditions have the highest influence on latent period
( B r o e r s and W a l l e n b u r g, 1989). The other characteristics, such as in-
fection efficiency, are of lower variability. Prolonged latent period is the last
characteristic before resistance overcoming. In the field, reliable criteria for in-
complete resistance are time and intensity of the beginning of infection, and
AUDPC value (P u t n i k and J e r k o v i ã, 2002). The first infection, accord-
ing to the modified Cobb scale (from 5 and higher, P e t e r s o n et al.
(1948)), under our experimental conditions appear almost in the third (wheat
in phase > 70), and sometimes in the second decade of May, at blooming
(phase 60—69 according to Z a d o k s et al., 1974).

Parasite has the possibility of continuous and fast adaptation, so it can
multiply on each variety after shorter or longer period of time. Process of
changes in the pathogen population infecting particular genotype is concomi-
tant with the breeding process (P a r l e v l i e t, 1986). Resistance which exists
more than ten years could be called durable (R o e l f s et al., 1992).

R u b i a l e s and N i k s (2000), revealed that the resistance to Puccinia
triticina could survive longer than usual. One of the significant strategies is in-
corporation of more major resistant genes into new cultivar (S t a l e t i ã et al.,
2005). Combinations of Lr genes could lengthen wheat resistance for few
years more (K o l m e r, 2001).

The aim of this study was to choose the values or relations of resistance
characteristics at seedling stage in the greenhouse which can be used to predict
intensity of infection in the field.

MATERIAL AND METHODS

Ten wheat genotypes were tested for three resistance characteristics in the
greenhouse. Latency period (LP), reaction type (RT) and infection efficiency
(IF) at seedling stage were evaluated. In the field, time of spikes appearance
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and leaf senescence were marked, and infection intensity was evaluated at
three time points.

The resistance characteristics of seedlings were analysed at 20°C in green-
house during winter period. Seven days old seedlings were inoculated by
trashing spores (S t a k m a n, 1954). Incubation in high moisture lasted for 24
hours. The RT estimated after ten days from incubation was transformed as
described before (0 = 6, 1 = 7, 2 = 8, 3 = 9, 4 = 10) (J e r k o v i ã and P u t -
n i k - D e l i ã, 2004). The latency period (LP) was observed visually six and
seven days after the incubation and marked adequately (1 = pustule appeared
on the first day, 0.8 = some of them on the second day, 0.7 = all after the se-
cond day), while the infection frequency (IF) was observed after 10 days. IF
represents maximal number of pustules in the observed area (6 = less than 20
pustules in the middle of the first leaf, 7 = 20—30, 8 = 31—40, 9 = 41—50
and 10 = more than 50). The data obtained using the formula RT x IF x LP
were correlated with maximal infection intensities in field, and AUDPC (Area
Under the Disease Progress Curve) (B j a r k o and L i n e, 1988). The results
of seedlings test in the greenhouse and at the adult stage in the field monitored
during three years were presented in the paper. The infection intensities in the
field were estimated according to the modified Cobb scale. The experiment
was done in experimental fields of the Institute of Field and Vegetable Crops,
Novi Sad. The correlation coefficients between the estimated parameters were
calculated using the computer program STATISTICA 8.

RESULTS

Five varieties showed complete susceptibility at seedling stage. Those
genotypes have high values of maximal infection intensity, too (Tab. 1). Time
of spiking was very variable between the genotypes, and this trait had no in-
fluence on infection intensity. In two genotypes (Ana and Nizija) at seedling
stage, only prolonged LP appeared as the last characteristic before the resis-
tance was overcome. However, in contrast to Ana, Nizija is early-spiking and
its maximal infection intensity was low (40). Pobeda showed lower values for
two resistance characteristics at seedling stage and it was in accordance with
its maximal infection intensity in the field. Varieties Rusalka and Timson
expressed the lowest values of the tested characteristics.

Year 2003 was bad for both, parasite and wheat development (Fig. 1).
Ana had the highest AUDPC values in 2002 with respect to the other experi-
mental years and analysed genotypes. Correlated derived data in seedling stage
and infection intensity under field conditions obtained high values (Tab. 2).
Correlation coefficients between the greenhouse and field evaluations were the
highest with the last evaluation in the field (0.665, 0.476, and 0.834). The
highest correlation coefficients were found from 2004 data, because that year
was near optimal for both host and fungus development. All genotypes ex-
pressed stability of resistance characteristics at different wheat growth stages.
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Tab. 1 — Values of LP, IF and RT at seedling stage, maximal infection intensity in the field,
time of spiking and leaf senescence for tested genotypes

Number Genotype LP IF RT

Max.
infection
intensity

in the field

Date of
spikes apperance

Leaf
senescence in
2004 (number
of estimation)

may
2003

may
2004

1. 207/439 Pkb-krupna 1 10 10 70 11. 11. 4.
2. 216/448 NS 55—25 1 10 10 60 8. 10. 4.
3. 166/398 Bankut 1205 1 10 10 60 12. 17. 4.
4. 178/410 Florida 1 10 10 70 13. 18. 4.
5. 169/401 Bezostaja 1 1 10 10 60 12. 16. 4.
6. 165/397 Ana 0.8 10 10 70 10. 10. 4.
7. 200/432 Nizija 0.8 10 10 40 8. 11. 4.
8. 58/166 Pobeda 0.8 9 10 50 10. 15. 4.
9. 223/455 Rusalka 0.8 8 9 15 7. 10. 3.

10. 234/466 Timson 0.7 6 6 15 8. 10. 4.

Tab. 2 — Correlation coefficients (r) based on data from field and greenhouse experiments, for
tested wheat genotypes

Correlation
coefficients (r)

Infection intensity in the field
AUD PC

2002 2003 2004

28. 05 07. 06. 09. 06. 10. 06. 28. 05. 02. 06. 09. 06. 16. 06. 2002 2003 2004

07. 06. 2002 0.833
09. 06. 2003 0.672 0.678
10. 06. 2003 0.701 0.685 0.542
28. 05. 2004 0.721 0.718 0.519 0.780
02. 06. 2004 0.617 0.691 0.511 0.427 0.840
09. 06. 2004 0.785 0.797 0.584 0.520 0.723 0.882
16. 06. 2004 0.750 0.866 0.556 0.728 0.703 0.702 0.889
AUDPC 2002 0.897 0.715 0.846 0.674 0.753 0.690 0.767 0.672
AUDPC 2003 0.826 0.758 0.801 0.728 0.717 0.549 0.589 0.659 0.870
AUDPC 2004 0.797 0.857 0.572 0.607 0.761 0.857 0.977 0.952 0.743 0.662
LP x IF x RT 0.571 0.665 0.469 0.476 0.427 0.594 0.832 0.834 0.498 0.385 0.828
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DISCUSSION

Weather conditions in three experimental years were significantly diffe-
rent. This can explain variability in maximal infection intensities in the tested
genotypes. Similar variations between experimental years in Serbian agroeco-
logical conditions were found by J e r k o v i ã and J e v t i ã (1997). Besides
the influence of the other fungi (J e r k o v i ã and P u t n i k - D e l i ã, 2005),
the basic cause of pseudo resistance to Puccinia triticina is early leaf sene-
scence, which could have happened with variety Timson, at the third evalua-
tion time point (J e r k o v i ã et al., 2004).

Genotypes with high correlation coefficients among all data are at the
same time stress resistant. Some experiments suggest that the content of so-
luble sugars is higher in older leaves (S h i r o y a et al., 1961; T r i p p i,
1965; E g l i et al., 1980; T h i m a n n, 1980; C r a f t s - B r a n d n e r et al.,
1984), and increased sugar concentration blocks photosynthesis (L a z a n et
al., 1983). Accumulation of soluble carbohydrates and salts in seedling stems
may be an indicator of osmotic stress, but also an indicator of better tolerants
to Puccinia triticina (K e r e p e s i and G a l i b a, 2000). The results of the
cited experiments suggest that the reduction of Puccinia triticina could be re-
lated to speed of plant development, or to a seed with influence to Puccinia
triticina development. This is especially the case with varieties that have small
number of seeds per spike, especially those with early earning.

Breeding for prolonged LP, lower values of IF and smaller number of
pustules lead to lower AUDPC values in wheat (L a l A h m e d and S i n g h,
2003). In general, when genotypes showed stability in infection intensity at
different growth stages over the years, lower values of AUDPC were well cor-
related with resistance characteristics in seedlings.

According to B r o e r s (1997), latent period, infection efficiency and re-
action type are highly correlated with data of disease development in the field.
Those results suggest that testing for one of these components in the green-
house could result in varieties with high level of quantitative resistance. If ino-
culation in the glasshouse is uniform, monocyclic evaluation may be suffi-
ciently reliable and at the same time, very convenient because of its simplicity.

Choosing the genotypes with same type of resistance determined ac-
cording to the results obtained by only one evaluation in the field is unreliable.
According to the maximal infection intensity one could select for pseudo resi-
stance, through partial resistance or two mixed types of resistance. The most
reliable data for choosing the source of resistance for breeding derive from
experiments done under controlled conditions, at seedling stage, which is opti-
mal for development of both parasite and the host.
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OTPORNOST PREMA PUCCINIA TRITICINA U RAZLIÅITIM
FAZAMA RAZVOJA GENOTIPOVA PŠENICE

Marina I. Putnik-Deliã

Poqoprivedni fakultet, Departman za ratarstvo i povrtarstvo,
Trg Dositeja Obradoviãa 8, 21000 Novi Sad, Srbija

Rezime

Deset genotipova pšenice je testirano na pojedine karaktere otpornosti
prema Puccinia triticina. Utvrðeni su intenzitet zaraze u poqskim uslovima u
razliåitim fazama razvoja, vreme klasawa i sušewa lisne mase, kao i reakcio-
ni tip, latentni period i uspešnost infekcije u stadijumu sejanaca u kontro-
lisanim uslovima u stakleniku. Najveãi stepen otpornosti po svim testiranim
karakterima ispoqio je genotip Timson, a najmawi genotip Pkb-krupna. Pove-
zanost pokazateqa otpornosti u razliåitim fazama razvoja pšenice bila je vr-
lo visoka. Korelacijom karaktera otpornosti dobijenih u kontrolisanim uslo-
vima LP x RT x IF i AUDPC vrednosti dobijen je vrlo visok koeficijent (r =
0,828). Najviši koeficijent korelacije karaktera otpornosti u stakleniku utvr-
ðen je s posledwim oåitavawima u poqskim uslovima (0.665, 0.476, 0.834). Za
razliku od vremena klasawa, koje se kod ispitivanih genotipova veoma razliko-
valo, sušewe lisne mase je konstatovano kod svih genotipova prilikom åetvr-
tog oåitavawa, izuzev kod Rusalke gde je ustanovqeno pri treãem. Svi testirani
genotipovi su ispoqili stabilnost po pitawu intenziteta zaraze u pojedinim
fazama razvoja tokom tri godine ogleda.
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GIBBERELLA INTERMEDIA THE PATHOGEN OF
ST. JOHN'S WORT, CONEFLOWER AND

MARSHMALLOW IN SERBIA

ABSTRACT: Gibberella intermedia (Kuhlmann) Samuels et al. (anamorf: Fusarium
proliferatum /Matsushima/ Nirenberg) was isolated from seeds of St. John's wort, marsh-
mallow, and coneflower, as well as from roots and stalks of marshmallow and roots of
coneflower. These plants had symptoms of leaf chlorosis, malformation, withering and plant
dwarfing and were collected from several localities in Serbia during five-year investigations
of mycopopulations of the mentioned plants.

The morphological characteristics of the pathogen were described.
KEY WORDS: medicinal plants, St. John's wort, marshmallow, coneflower, Gibbe-

rella intermedia

INTRODUCTION

Medicinal plants are among economically most significant plants in Ser-
bia. There are over 700 species of these plants on the territory of Serbia, con-
tributing 19,65% of the total flora (S a r i ã, 1989). Out of 420 registered spe-
cies, 279 are used commercially as medicinal and aromatic plants. In order to
preserve medicinal plants in nature from overexploitation, they are grown as
commercial crops in plantation. There is a long tradition of growing medicinal
and aromatic herbs commercially such as mint, marshmallow, sage, St. John's
wort, coneflower, etc. in Serbia. The commercial cultivation led to the occur-
rence and spread of the plant pathogens with epidemic distribution on some
hosts (St. John's wort, marshmallow, and coneflower).

During the experimental research of mycopopulation of medicinal herbs,
there was a total of 7 Fusarium species identified: 6 species on St. John's
wort, 5 species on Althea officinalis, 3 on E. angustifolia and 5 on E. purpu-
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rea (P a v l o v i ã et al., 2008). F. proliferatum /Matsushima/ Nirenberg was
identified on all three hosts. This research was conducted to investigate basic
morphological, cultural and pathogenic characteristics of Gibberella intermedia
(Kuhlmann) Samuels et al. (anamorph: Fusarium proliferatum /Matsushima/
Nirenberg) isolates.

MATERIALS AND METHODS

Collection and preparation of the samples: The samples of diseased plants
of St. John's wort, marshmallow and coneflowers were collected from the me-
dicinal plant collection of the Institute in Panåevo vicinity, as well as from the
cultivation fields of cooperatives in several localities of Serbia (Zrenjanin, Ru-
ma, Inðija, Panåevo, Kaåarevo) over the period 2002—2006. The plants show-
ing the symptoms of withering, dwarfness, chlorosis and leaf shrivelling were
collected monthly from March to November. Samples were washed with tap
water, disinfected with 2% NaOCl for 30 seconds and washed again with ste-
rile water.

The methods that were used: The standard procedure of D h i n g r a and
S i n c l a i r (1986) was used for isolation of fungi from the tissue of leaf pe-
tioles, stems, roots and seeds of diseased plants on carrot agar (CA) and carna-
tion leaf agar (CLA). A modified method of L e s l i e (1991) was used to in-
vestigate teleomorph development. The fragments of diseased tissue were incu-
bated on CA at 25�2°C. After 2—4 days, the existing mycelia were transfer-
red on the 60 mm Petri dishes with potato dextrose agar (PDA) to obtain a
pure culture.

The morphological characteristics of isolates were studied on potato dex-
trose agar (PDA), synthetic nutrition agar (SNA), carrot agar (CA) and carna-
tion leaf agar (CLA), prepared according to directions supplied by B o o t h
(1971), M u n t a n o l a - C v e t k o v i ã (1982), F i s h e r et al. (1982), L e s -
l i e (1991), L e s l i e and S u m m e r e l l (2006) and L e v i ã, (2008).

The physiological characteristics (the growth of selected isolates) were
tested on PDA at 25 and 30°C. The colony diameter was measured after 73
hours of incubation, as suggested by B u r g e s s et al. (1994) and the results
represented the mean of three replicates.

The identification of the pathogen was based on morphological and phy-
siological characteristics of the isolates (appearance of aerial and substrate
mycelia, morphology of macro- and micro conidia, the colony growth on PDA
at 20°C, and pigmentation of the medium). The taxonomic keys of B o o t h
(1971), G e r l a c h and N i r e n b e r g (1982), N e l s o n et al. (1983),
B u r g e s s et al. (1994), S u m m e r e l l et al. (2002), L e s l i e and S u m -
m e r e l l (2006), D u g a n (2006) and L e v i ã (2008), were used for the
identification of the obtained isolates.

The pathogenicity was confirmed by the modified method of M o l t and
S i m o n e (1967). Four hundred seeds of each medicinal plant were sown in
plastic pots with sterile sand. The pots were irrigated with 100 ml of conidial
suspension, prepared from 7-day old culture grown on PDA. After 21 days the
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seedlings were picked and washed in distilled water. The level of root necrosis
was calculated according to the scale from 0 to 3 (0 — health seedling; 1 —
root tip necroted; 2 — root and down part of stem necroted; 3 — whole seed-
ling necroted).

RESULTS

Collection of isolates

Gibberella intermedia was isolated from seeds of all tested medicinal
plants, as well as roots and stems of marshmallow, and roots of Echinacea
purpurea. The pathogen caused symptoms of seedlings decay and root rot,
which resulted in suppressed growth, chloroses and malformation of diseased
plants. From around 200 isolates, 29 of them were selected for further investi-
gations: 15 were obtained from seeds, 8 from roots, 3 from stalks and 3 from
seedlings. From marshmallow, coneflower (Echinacea purpurea and E. angu-
stifolia) and St. John's wort 10, 15 (10 + 5), and 4 isolates were obtained,
respectively (Table 1).

Tab. 1 — The list of Gibberella intermedia isolates used in the study

Host Isolates Place of isolation Locality

Althaea officinalis S-4 stalk Zrenjanin
S-7 seed Panåevo
S-8 seed Panåevo
S-10 root Zrenjanin
S-13 root Zrenjanin
S-18 root Zrenjanin
S-20 seed Panåevo
S-30 root Ruma
S-35 root Zrenjanin
S-38 stalk Zrenjanin

Echinacea purpurea E-67 seedlings Ruma
E-44 seedlings Ruma
E-7 seed Panåevo

E-202 root Inðija
E-204 root Inðija
E-253 seed Panåevo
E-263 stalk Ruma
E-266 seed Panåevo
E-400 seed Panåevo
E-404 root Inðija

Echinacea angustifolia Ea-31 seedlings Ruma
Ea-34 seed Panåevo
Ea-77 seed Panåevo
Ea-78 seed Panåevo
Ea-19 seed Panåevo

Hypericum perforatum K-77 seed Panåevo
K-79 seed Kaåarevo
K-80 seed Kaåarevo
K-82 seed Kaåarevo
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Morphological characteristics

Mycelium was abundant, woolly, whitish, and with age it became light to
dark violet. Colour of mycelium and medium pigmentation varied upon the
isolate (Fig. 1).

On infected germinating seeds, incubated on wet filter paper, mycelium
was powdery, white, almost entirely covering the infected seeds. Such seeds
did not germinate and they completely decayed. The filter paper under these
seeds was coloured ink-blue. Ascocarp was perithecia, spherical or obovoid,
black, 210—390 mm in diameter on CA. Ascuses were elongated, hyaline,
with 4—8 ascospores, 66,5—88,0 x 8,50—14,20 mm. Ascospores were with
2—3 septa, straight or slightly narrowed by septa, hyaline, 15—17,5 x 5,0
mm. Microconidia were formed in chains or “false heads" on polyphialides
and monophyalides. They were oval with rounded base, or rarely two-celled,
hyaline, 3,0—19,5 x 2,0—5,0 mm. Macroconidia were formed on mono-
phyalides on branched conidiophores in sporodochia, rarely on monophyalides
on hyphae. The abundant pale orange sporodochia formed on CLA under com-
bination of fluorescent and UV light. They were slender, falcate or straight,
thin-walled, mostly with 3—5 septa, the basal cell pediculate, 16,5—73,0 x
2,5—5,0 mm (Figure 2). There were some variation in conidia dimensions de-
pending on isolate and host. Hlamydospores were absent.
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Fig. 1 — Appearance of aerial (upper row) and substrate mycelia (lower row) of
Gibberella intermedia isolates E-404 (a, d), K-79 (b, e) and S-18 (c, f)



Physiological characteristics

The uniform growth of isolates at 25 and 30°C was observed. However,
the growth of the isolates from marshmallow was faster at 30°C (Table 2).
There were no statistically significant differences in average values of growth
of all isolates from the investigated medicinal plants at 25 and 30°C (34,1 mm
and 34,5 mm, respectively) (LSD0,05 = 3,24, LSD0,01 = 5,95).
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Fig. 2 — Gibberella intermedia: microconidia in long chains (a) and “false heads" (b) (SEM);
macroconidia from sporodochia (c); perithecia of Gibberella intermedia obtained by crossing

isolates (d, e); leaking fertile perithecia (f), ascuses (g, h) and ascospores (i)



Tab. 2 — Radial growth of colonies of G. intermedia isolates from marshmallow, St. John's wort
and coneflower on PDA at 25 and 30°C after three days (in mm)

Host Isolates
Colony growth at

25°C 30°C

Althaea officinalis S-4 32.7 dy 33.0 d
S-7 35.7 bc 36.0 c
S-8 31.0 e 35.7 c
S-10 35.7 bc 37.7 b
S-13 36.7 b 39.7 a
S-18 35.0 c 35.7 c
S-20 38.7 a 40.7 a
S-30 34.7 c 37.0 bc
S-35 32.0 de 37.0 bc
S-38 37.0 b 39.7 a

Averagez 34.9 B 37.2 A

Hypericum perforatum K-77 36.0 a 33.0 ab
K-79 32.0 a 32.0 b
K-80 36.7 a 34.0 a
K-82 28.7 b 25.7 c

Average 33.4 A 31.2 A

Echinacea purpurea E-67 35.0 a 34.0 bcd
E-44 32.0 c 34.7 ab
E-7 34.0 ab 36.0 a

E-202 35.0 a 36.0 a
E-204 33.7 ab 32.3 ce
E-253 35.0 a 35.3 ab
E-263 32.7 bc 34.0 bcd
E-266 34.7 a 34.0 bc
E-400 35.0 a 36.3 a
E-404 35.0 a 36.3 a

Average 34.2 A 34.9 A

Echinacea angustifolia Ea-31 34.0 a 34.3 abc
Ea-34 34.0 a 34.0 bc
Ea-77 33.0 a 33.3 c
Ea-78 33.0 a 35.3 ab
Ea-19 34.0 a 36.0 a

Average 33.6 A 34.6 A

y Values in the columns designated by the same letter are not statistically significantly different
on the basis of Duncan's test (P = 0,05).

z Average values of growth of all isolates under tested temperatures for the same host, designated
by the same capital letter are not statistically significantly different on the basis of Duncan's test.

Pathogenicity of tested isolates

All isolates of G. intermedia caused root necrosis of seedlings. There
were no significant differences between the isolates, but the isolates Ea-77 and
Ea-78 showed lower pathogenicity in comparison with other isolates (Table 3).
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Tab. 3 — Effect of different G. intermedia isolates on seedling root necrosis of tested medicinal
plant species under laboratory conditions

Host Isolates Root necrosisz

Althaea officinalis S-7 3,0 a
S-10 2,0 a
S-18 3,0 a
S-30 2,0 a
S-35 3,0 a
check 0,0 b

Echinacea purpurea E-7 2,0 a
E-44 3,0 a
E-204 2,0 a
E-266 3,0 a
E-400 2,0 a
check 0,0 b

Echinacea angustifolia Ea-19 2,7 a
Ea-31 3,0 a
Ea-34 3,0 a
Ea-77 2,0 b
Ea-78 1,0 c
check 0,0 b

Hypericum perforatum K-77 3,0 a
K-79 2,0 a
K-80 3,0 a
K-82 2,0 a
check 0,0 b

z Values in the columns designated by the same letter are not statistically significantly different
on the basis of Duncan's test (P = 0,05).

DISCUSSION

Morphological, cultural and pathogenic characteristics of the tested iso-
lates were described according to data for G. intermedia given in the literature
(B o o t h, 1971; G e r l a c h and N i r e n b e r g, 1982; N e l s o n et al.,
1983; B u r g e s s et al., 1994; L e s l i e and S u m m e r e l l, 2006). This
species is known as a pathogen found on seeds of a number of cultivated plant
species, such as wheat, corn, broomcorn, sugar beet, sunflower and soybean
( J o v i å e v i ã and M i l o š e v i ã, 1990; S u m m e r e l l et al., 2002; L e -
v i ã et al., 2003; L e s l i e and S u m m e r e l l, 2006; L e v i ã, 2008), and it
causes a decrease of germination and germination energy, wilting and seedling
decay, known as firing and melting of seedlings (J a s n i ã and M a š i r e v i ã,
2006). Anamorph of this species (F. proliferatum) was already identified on
seeds and seedlings of coneflower (P a v l o v i ã et al., 2006, 2006a), and
seeds, roots, and lower part of stalks of marshmallow (P a v l o v i ã and S t o -
j a n o v i ã, 2002, P a v l o v i ã et al., 2007).

The results of the conducted study, which was preferentially diagnostic in
nature, will allow more comprehensive recognition of mycoflora of medicinal
and aromatic plants in our conditions. These results will also enable more ef-
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fective protection of medicinal and aromatic plants, i.e. improved and more
profitable cultivation.
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GIBBERELLA INTERMEDIA PATOGEN KANTARIONA,
EHINACEA I BELOG SLEZA U SRBIJI
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2 Poqoprivredni fakultet, Trg Dositeja Obradoviãa 8,
21000 Novi Sad, Srbija

3 Institut za zaštitu biqa i ÿivotnu sredinu,
Teodora Drajzera 9, Beograd, Srbija

Rezime

Gibberella intermedia (Kuhlmann) Samuels et al. (anamorf: Fusarium prolifera-
tum /Matsushima/ Nirenberg) je konstatovana na belom slezu, ehinacei i kanta-
rionu i to na semenu, korenu i stablu, kao i na rasadu ehinacea. Osnovni
simptom zaraÿenih biqaka G. intermedia su bili: propadawe klijanaca, truleÿ
korena i korenovog vrata, patuqavost, asimetriåan porast, uvelost, hloroza i
smeÿuranost listova. Uzorci zaraÿenog biqnog materijala bili su poreklom iz
okoline Panåeva, Zrewanina, Banatskog Novog Sela, Inðije, Rume i Stare Pa-
zove. U radu su date morfološke, fiziološke i patogene karakteristike izola-
ta G. intermedia.
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MINERAL FERTILIZERS AS A GOVERNING FACTOR
OF THE REGULATION OF THE NUMBER

OF FUNGI IN SOIL

ABSTRACT: Over 2003—2005 period, a study was performed on the effect of diffe-
rent rates of NPK fertilizer of formulation 8:16:24 + 3% MgO (N1 — 400 kg ha—1; N2 —
600 kg ha—1; N3 — 800 kg ha—1; N4 — 1000 kg ha—1) on development of the soil fungi.
The trial was set up in the experimental plum orchard established by Fruit Research Insti-
tute Åaåak, and the laboratory of Department of Microbiology, Faculty of Agronomy Åa-
åak. Unfertilized soil was used as the control soil. Each of the stated variants was carried
out in three replications. The size of the basic plot was 68 m2. The effect of the studied mi-
neral fertilizer rates was determined three times over the growing season, the number of
fungi being checked by the indirect rarefaction method on Chapek nutritive medium. The
results of the study inferred that the application of mineral fertilizers brought about the
decrease in the number of fungi. Of all studied variants, the one with the highest nitrogen
rate (variant N4) exhibited the strongest effect. The influence of the fertilizer was highest at
the third sampling. Furthermore, the effect was highest in season 2003.

KEY WORDS: fungi, mineral fertilizers, soil

INTRODUCTION

Intensive development of modern technologies has resulted in the pro-
gress of society in general, but it brought about damaging consequences as
well. In addition, the problem of protection of soil from the pollution and
other antropogenic factors appears to be one of the major problem of our time.
The importance of the productive capacity of soil is reflected in the fact that
by 2020 meeting world food requirements will presuppose 50% increase in
food production. For that purpose, by 2010, about 90 million hectares of the
global acreage will have to be turned into arable land, which presupposes
maintainance of the current soil fertility (www.ekoforum.org.yu, 2000; P e -
š a k o v i ã, 2007).
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The spread of human-produced harmflul substances is a major cause of
soil pollution. On the one hand, human loss of control over these substances
leads to soil degradation, whereas on the other hand, these substances return to
humans through the food chain. Aimed at lowering the level of both air- and
soil-pollution, the control over the emission of harmful substances has been
greatly intensified over the recent period. This issue has not been duly addres-
sed so far in the field of technology of agricultural production. Such shortages
may result in serious economic and ecological consequences reflected in low-
ering of soil productivity, the loss of agro-biodiversity, the incidence of methe-
moglobinemia, cyanosis as well as mutagenic and teratogenic effects. There-
fore, one of the goals of science is ensuring intensive environmental and hu-
man-friendly agricultural production, whereby the attention should be focused
on proper application of different fertilizing modes. Rational and efficacious
application of fertilizers (mineral ones in particular) in modern agriculture
need to be based on a more complex approach to the issue, which presupposes
prominent positioning of macrobiological investigations (M a n d i ã et al.,
2004). The objective of this work, i.e. the investigation of the effects of diffe-
rent fertilizer rates on the development of fungi in soil has been determined in
accordance with the fact that the change in population pressure of some
systematic and physiological microrganism groups may serve as a parameter
for establishing the most optimal criteria for agricultural nutrition.

MATERIAL AND METHODS

The investigations in question were performed over 2003—2005 period in
the experimental plum orchard established by Fruit Research Institute Åaåak
and the laboratory of Department of Microbiology, Faculty of Agronomy. The
soil type is alluvium, and trial system included random-block design in three
replications. The size of the basic trial plot was 68 m2.

The soil was acid in type, pH = 1nKCl = 5.9. It was poor in organic mat-
ter (2.65% humus) and rich in available phosphorous (AL-method: mg 100
g—1 of soil = 15.0 P2O5), whereas potassium content was moderate (AL-
-method: mg 100 g—1 of soil = 20.4 K2O).

A plum fruit of cv Stanley was used as a test fruit.
All cultural practices, i.e fertilization, green and winter pruning, inter-raw

soil cultivation, protection from diseases and pests were applied at establishing
a training system.

The temperature and water data of the studied region are presented in
Table 1.
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Tab. 1 — Weather characteristics (Åaåak Weather Bureau) and long-term means (LTM)

Period
Precipitation rates and mean air-temperatures in Åaåak*

Total Mean
May June July Aug. Sept. Oct. Nov.

2003 mm
°C

62
19.8

51
25.1

69
24.2

6
26.4

34
17.3

77
10.2

27
8.9

326
18.8

2004 mm
°C

66
16

121
21.7

82
23.5

58
22.8

35
18.1

27
14.3

98
6.2

487
17.5

2005 mm
°C

72
17.2

84
21

100
23.7

66
20.3

91
18.2

23
11.8

83
5.2

519
16.8

LTM
(1965—1994)

mm
°C

89
16.2

98
19.5

76
20.9

60
20.5

56
16.9

48
11.8

59
5.8

486
15.9

* 5 km eastwards from the trial field, as the crow flies.

Over 2000—2002 period, the soil was treated with different rates of mi-
neral fertilizer of type 8:16:24 + 3% MgO, i.e. variant N1 — 400 kg/ha; va-
riant N2 — 600 kg/ha; variant N3 — 800 kg/ha; N4 — 1000 kg/ha; variant
Ø — the control (untreated soil).

The samples subjected to microbiological analyses were collected three
times over the growing period, i.e. May 12, Sept. 17 and Nov. 11 in seasons
2000—2002.

The number of fungi was determined by indirect dilution method on Cha-
pek nutritive medium. The duration of incubation was 5 days (28°C).

The analyses were performed in three replications, whereby the number
of fungi was calcultated on 1.0 of absolutely dry soil.

The data provided by this research were subjected to variance analysis
method of threefactorial trial of 5 x 3 x 5 form (chemical x period x year).
The testing of significant differences among individual and interaction envi-
ronments was carried out by the LSD test.

RESEARCH RESULTS AND DISCUSSION

The experimental results of the average number of fungi in soil in the
studied variants by years inferred that all studied factors exerted statistically
high significance regarding the presence of this microorganism group in soil
(Tab. 2). In addition, it is obvious that the interaction among the studied fac-
tors (A x B, A x C, and B x C) had marked influence on the development of
this microorganism group.

Generally speaking, all fertilizer rates had a stimulating effect on the de-
velopment of soil fungi, which was particularly evidenced in high-rate variants
over all phases of the growing season in this fruit species. This trend was
notably observed in the N4 variant applied in mid- and final phases of the
growing season, the growing of which was favoured by higher temperatures
and moisture rates alike (Tab. 1), which is also inferred by other authors' re-
sults (J e m c e v and Ð u k i ã, 2000).
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The incorporation of higher rates of mineral fertilizers into soil, acid ones
in particular, and their long-term usage is depressing for the majority of micro-
organisms (J e m c e v and Ð u k i ã, 2000; P e š a k o v i ã, 2007). The occur-
rence of this may be due to the transformation of alluminium compounds into
the soil solution which becomes toxic not only for microorganisms but also for
cultivated fruit species. However, soil fungi which exhibit a steady enzyme
system that enables them to inactivate even heavily degradable chemical com-
pounds (M a n d i ã, 2002) fare well even under such conditions, and this sti-
mulating effect of higher mineral fertilizer rates is therefore anticipated. With
regard to the predominance of fungi in acid soils, it is also suggested that their
population number rises with more intensive application of the stated fertili-
zers. A large number of authors addressing this issue (A c o s t a - M a r t i n e z
& T a b a t a b a i, 2000; S o l o v o v a et al., 2001; Z h a n g, W a n g, 2006;
P e š a k o v i ã et al., 2008) account for this rise in population density and
activity of the majority of microorganisms in soil by limiting of the C:N rela-
tion and the intensification of the mineralizing processes therein, as well as by
the re-distribution within the complex of microbial cenoses in favour of soil
fungi.

Tab. 2 — The average number of fungi in soil (105/1,0 g of absolutely dry soil) as affected by the
applied fertilizers (A), period of sampling (B) and the year of study (C) in a trial field planted
with plum cv Stanley

Fertilizer (A) N1 N2 N3 N4 Ø X

Year

(C)

2003
Period

(B)

I 4,500 5,335 8,165 9,670 3,835 6,301
II 13,500 15,835 22,335 23,330 8,831 16,766
III 6,170 7,835 11,170 23,555 3,500 10,446

X 8.057 9.668 13,890 18,852 5,389 11,171

2004
Period

(B)

I 2,830 3,670 5,335 6,165 2,335 4,067
II 8,500 11,665 13,000 14,500 7,000 10,933
III 5,333 7,665 9,330 12,830 3,665 7,765

X 5,554 7,667 9,222 11,165 4,333 7.588

2005
Period

(B)

I 2,670 4,335 4,665 5.000 2.330 3.800
II 9,330 12,500 14,335 16.330 6.835 11.866
III 4,000 4,165 5,000 6.335 3.335 4.567

X 5,333 7,000 8,000 9,222 4,167 6.744

X

I 3,333 4,447 6,055 6,945 2,833 4.723
II 10,443 13,333 16,557 18,053 7,555 13.188
III 5,168 6,555 8,500 14,240 3,500 7.593

X 6.315 8,112 10,371 13,079 4,630 8,501

lsd

lsd A B C AxB AxC BxC AxBxC

0.05 1,831 1,418 1,418 3,171 3,171 2,456 5,492
0.01 2,425 1,878 1,878 4,200 4,200 3,254 7,275

The analysis of the interaction effect of the applied fertilizers and years
of study suggests similar effects. Over the entire three-year period of study, N4
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variant (1000 kg/ha) exerted high effects, which could also be applied to N3

variant (800 kg/ha), particularly in season 2003. Similarly, the most pro-
nounced variation, in respect to the number of fungi was also evidenced in
season 2003. The contrastive analysis of the obtained values with those of the
control soil over the stated year inferred that all variants, except N1, had quite
an impact on the rise in the number of fungi.

The stated effects of the studied fertilizer were the most obvious in sea-
son 2003 when number of fungi was highest, whereupon the effect was ob-
served to be gradually decreasing, which was particularly to evident at the end
of the season 2005.

Generally speaking, the rise in fertilizer rate was accompanied by the rise
in the number of soil fungi, which, by certain degree, may be considered posi-
tive. However, over-activation of fungi may be damaging, as the processes di-
rected towards establishing of the disturbed balance lead to the weakening of
physical, chemical and biological properties of soil (M a n d i ã et al., 2004)
and the incidence of toxic fungi (M i l o š e v i ã et al., 1993), whereby Penicil-
lium species assume predominance (M a n d i ã, 2002; P e š a k o v i ã, 2007).

Besides causing undesirable effects on biosphere in general, and its con-
stituent elements, inappropriate application of mineral fertilizers can influence
agricultural production from the aspect of economy. In other words, the pro-
duction of cultivated species can be markedly affected (Ð u k i ã et al., 2007a).
Therefore, fertilizer rates exceeding 600 kg/ha may not only be unprofitable
but may turn depressing on productivity of plum trees grown under the stated
environmental conditions (R a k i ã e v i ã et al., 2004; P e š a k o v i ã, 2007).

CONCLUSION

The results of the study of the effects of different mineral fertilizer rates
on the number of fungi in soil planted with plum trees (cv Stanley) infer the
following:

— the number of the studied group of microorganisms was dependent on
fertilizer rates, period of sampling and year of study;

— the applied fertilizers brought about an increase in the number of
fungi, particularly in the variants that included highest nitrogen content;

— the effect of the applied fertilizers on the number of fungi in soil was
most evident at the end of the growing season 2003.
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MINERALNA ÐUBRIVA KAO FAKTOR
REGULACIJE BROJNOSTI GQIVA U ZEMQIŠTU

Marijana I. Pešakoviã1, Dragutin A. Ðukiã2, Leka G. Mandiã2,
Milan L. Rakiãeviã1, Rade K. Miletiã1
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Rezime

U periodu 2003—2005. godine u eksperimentalnom zasadu šqiva Insti-
tuta za voãarstvo Åaåak i u Odeqewu za Mikrobiologiju Agronomskog fakulte-
ta u Åaåku, praãen je uticaj razliåitih doza mineralnog ðubriva formulacije
8:16:24 + 3% MgO (N1 — 400 kg ha—1; N2 — 600 kg ha—1; N3 — 800 kg ha—1 i N4
— 1000 kg ha—1) na razvoj zemqišnih gqiva. Kao kontrola korišãeno je zemqi-
šte koje nije ðubreno. Svaka od navedenih varijanata ðubrewa bila je zastupqe-
na u tri ponavqawa. Veliåina osnovne ogledne parcele iznosila je 68 m2.
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Efekat primewenih ðubriva odreðivan je tri puta tokom vegetacije, a pra-
ãen je putem utvrðivawa brojnosti gqiva indirektnom metodom razreðewa na
Åapekovoj hranqivoj podlozi. Rezultati istraÿivawa su pokazali da je primena
mineralnih ðubriva izazvala poveãawe brojnosti gqiva. Od svih ispitivanih
varijanata ðubriva najizraÿeniji uticaj pokazala je N4 varijanta (varijanta sa
najvišom dozom azota). Uticaj primewenih ðubriva je bio najizraÿeniji na
kraju vegetacije i tokom 2003. godine.
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GROWTH AND FRUIT BODY FORMATION
OF PLEUROTUS OSTREATUS ON MEDIA

SUPPLEMENTED WITH INORGANIC SELENIUM

ABSTRACT: Selenium is a trace mineral chemically related to sulfur and tellurium.
In the body selenium combines with protein molecules to form selenoproteins and it is dis-
tributed in low concentrations and unequally in air, soil and water all over the world. Edible
mushrooms are known to be selenium accumulators. Since mushrooms contain relatively
high protein levels, and they can accumulate large amounts of selenium, it is reasonable to
expect that selenium could be incorporated into proteins. The growth of mycelia and fruit
body formation of different medicinal mushroom strains of Pleurotus ostreatus (Hk-35 and
P70) over the wide range of concentrations of inorganic form of selenium were examined.
Mushrooms were cultivated on agar base media and on substrates based on sawdust. Vege-
tative growths of mycelium were measured as colony diameter in pure cultures supple-
mented with inorganic form of Se supplements, prepared as Na2SeO4 and Na2SeO3 in con-
centrations of: 1, 10, 25, 50, 75, 100 and 150 mg/l. Inorganic form of Se supplements,
showed stimulation effects (in concentration of 1—50 mg/l) and toxic effects in higher con-
centration. On the standard industrial sawdust based substrate, supplemented with 100 mg/kg
Na2SeO4 and Na2SeO3, accumulation of Se in fruit bodies was determined by the method
of flameless atomic absorption spectrophotometer. The readings were performed on Varian
SpectrAA-10 spectrophotometer equipped with VGA-76. Se as Na2SeO4 and Na2SeO3 was
effectively taken up from substrates and accumulated in fruit bodies. Mushrooms accumu-
lated selenium between 120 and 250 mg/kg dry weight. In mushrooms cultivated without Se
supplement, Se contents were only about 1 mg/kg and in substrate about 0.1 mg/kg.

KEY WORDS: Pleurotus ostreatus, Selenium, Spectrophotometer, Substrate

INTRODUCTION

Selenium is a trace mineral chemically related to sulfur and tellurium. In
the body selenium combines with protein molecules to form selenoproteins.
Selenium deficiency is linked with numerous diseases: cancer, muscular dys-
trophy, malaria and cardiovascular disease including endemic cardiomyophaty
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in selenium deficient regions (N a s s i r et. al., 1997). Selenium is distributed
in low concentrations and unequally in air, soil and water all over the world
(B a r c e l o u x, 1999). The soil in some parts of China and Russia has scant
amounts of selenium. The amount of Se in soil, which varies by region, deter-
mines the amount of Se in the plant foods and meat. The daily value recom-
mended for selenium by the FDA is 70 µg. When supplements are used,
100—200 µg daily of selenomethionine is recommended. Amounts greater
than 200 µg should be avoided.

Fungi are known as accumulators some chemical elements, like Zn, Cd,
As etc. Edible mushrooms are known to be selenium accumulators. Since mush-
rooms contain relatively high protein levels, and they can accumulate large
amounts of selenium, it is reasonable to expect that selenium could be incor-
porated into the proteins (G e r g e l y, 2006). The genus Pleurotus (higher
Basidiomycetes) includes edible and medicinal species, some of them are culti-
vated and have important economical value and some have important medici-
nal properties: reduction of cholesterol levels, antitumor, antiviral, antibacterial
and immunomodulating activity. Pleurotus species may present an excellent
dietary source of some microelements because of their ability to absorb them
from medium (S t a j i ã, 2001).

The aim of the study was to determine the contents of mineral element
(Se) in the cultivated mushrooms Pleurotus ostreatus.

MATERIAL AND METHODS

Growth and fruit body formation on media supplemented with selenium
was investigated on mushroom strains (Faculty of Agriculture collection): Pleu-
rotus ostreatus (Hk-35, P70). Cultures were maintained at 4°C on malt agar
base contained in screw slants with periodic transfers to fresh agar base (pH =
5.4 � 0.2).

The response of fungi to inorganic selenium supplements (Faculty of
Chemistry, University of Belgrade) was examinated. Inorganic form of sele-
nium supplements were prepared as Na2SeO4 and Na2SeO3 (1 mg/l, 10 mg/l,
25 mg/l, 50 mg/l, 75 mg/l, 100 mg/l, 150 mg/l) in Petri dishes with three re-
plicates per treatment.

After agar sterilization at high preasure in an autoclave for 15 minutes at
121°C, the fragments of mycelia were inoculated and incubated at 25°C in the
dark. The diameters of the formed colonies were determined 9 days after
inoculation in order to assess the effects of Se on mycelial growth.

Seed for bags inoculation were prepared in glass jar, on wheat grain.
Grains were cooked in water and dried with filter paper. To adapt pH at 6—7,
CaCO3 was added into wheat. The prepared grains were put into jams and ste-
rilized in autoclaves for 40 minutes at 121°C. After cooling, grains were
inoculated with fragments from mycelia and incubated at 25°C in the dark for
about 4 weeks, depending on the mushroom species and strains.

The substrates for P. ostreatus cultivation were prepared with sawdust
(42%) as basic substratum (100%) and straw (29%), chopped oik (24%) and
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gypsum (5%) were added to the basic substratum. The moisture content of
substrate was adjusted to about 60%. Polipropylen bags contained substrate
(1.5 kg/bag).

Selenium as Na2SeO3 and Na2SeO4 solution was supplemented at 100
mg/kg into 5 bags. The bags were sterilized, inoculated with seed and incu-
bated at 26°C under 85% humidity in the dark for 20 days to allow full colo-
nization of mycelia. All bags were then transferred to the green house for
fruiting under daily irrigation and attenuated illumination. The substrate blocks
were exposed to the temperature of 21—23°C and humidity 60—80%. The
fruit bodies of both strains, developed completely and discharged spores from
50—60 days after the inoculation. The fresh mushrooms were stored frozen in
boxes and kept at –20°C for a while. Melt fruitbodies of mushrooms were cut
into pieces, dried at hot air (80°C, for few days) and then ground into a con-
sistent powder.

The total selenium content in soil samples was determined by the method
of flameless atomic absorption spectrophotometer, after its digestion with acids
(HNO3 and HClO4) and reduction of Se6+ to Se4+ with 6MHCl. The read-
ings were performed on Varian SpectrAA-10 spectrophotometer equipped with
VGA-76.

RESULTS AND DISCUSSION

The effects of inorganic supplements on mycelial growth of mushroom
species on agar base media and sawdust substrates were examined. The ob-
tained results showed that the investigated Pleurotus strains have different abi-
lities to absorb selenium by mycelia from medium where it is present in the
form of Na2SeO3, Na2SeO4 and in different concentrations. They also differ in
their ability to retain selenium in fruit body.

The investigated selenium sources and concentrations had different effect
on the production of mycelial biomass in the investigated Pleurotus strains. In
some cases, selenium did not show any effects on production and it was the
same as in the control medium. However, in some cases, the presence of sele-
nium in medium caused either an increase or a decrease of mycelial biomass
production in comparison with the control.

— Mycelial growth on agar base media was measured as colony dia-
meter in pure cultures supplemented with Na2SeO3 and Na2SeO4. Na2SeO4
(1 mg/l, 10 mg/l and 25 mg/l) stimulated the growth of P. ostreatus, strain
Hk-35 (Fig. 1).

Mycelia at both strains showed slight inhibition at 150 mg/l. Growth of
strain P70 was inhibited with all tested concentrations (Fig. 2).

Na2SeO3 stimulated mycelial growth of P. ostreatus Hk-35 at 1 mg/l and
10 mg/l. Not any of tested concentrations (1—150 mg/l) showed inhibition by
50? for P. ostreatus strains.

— Selenium as Na2SeO4 was effectively taken up from the substrates and
accumulated in fruit bodies. The mycelia grew normally and young primordia
of P. ostreatus formed well. There was no difference in morphology of fruit
bodies grown on substrates with and without selenium supplements. Accumu-
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lation of selenium in fruit bodies was determined by electrochemical atomic
absorbtion methods. The results showed that selenium as Na2SeO3 and Na2SeO4
was effectively taken up from the substrates and accumulated in fruit bodies.
(Tab. 1)
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Fig. 1 — Mycelial growth of Pleurotus ostreatus Hk-35 on agar base supplemented
with Na2SeO3 and Na2SeO4

Fig. 2 — Mycelial growth of Pleurotus ostreatus P70 on agar base supplemented
with Na2SeO3 and Na2SeO4



Tab. 1 — Average content of selenium in mushroom fruit bodies (mg/g) grown on Se enriched
substrate with 100 mg/kg d.w.

Mushroom strain Natrium selenat Natrium selenit Control

Pleurotus ostreatus P70 169.3 213.0 0.85
Pleurotus ostreatus Hk-35 154.7 205.2 1.1

The total selenium content of the frozen and dried mushrooms depends
on the mushroom strains and form of supplemented selenium. P. ostreatus
accumulated selenium better from Na2SeO3 than from Na2SeO4. P. ostreatus
accumulated selenium between 120 and 250 mg/kg. In mushrooms cultivated
without Se supplement, Se content was 1 mg/kg, and in the control substrat it
was 0.1 mg/kg.

CONCLUSION

Selenium enriched mushrooms are an excellent dietary source. Selenium
as Na2SeO4 and Na2SO3 was effectively taken up from the substrates and accu-
mulated in fruit bodies. Considering the foregoing results, further investiga-
tions can be made in the following areas:

— The study of selenium metabolic pathway and its forms, which are
presented in Pleurotus species;

— Analyzing other cultivation media and finding the best one for maxi-
mum Se absorption by mycelia and the incorporation of organic selenium
compounds in P. ostreatus;

— Considering both the medicinal properties of the Pleurotus species,
and selenium antioxidative, antimutagenic and anticarcinogenic features, and
the investigation of the effect of using Se-enriched fruit bodies in nutrition as
well as their extracts.
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Rezime

Selen je esencijelni mikroelement, neophodan u malim koliåinama. Ze-
mqište na teritoriji Evrope ima nizak sadrÿaj selena. Peåurke sadrÿe rela-
tivno visok nivo proteina, te stoga mogu da usvoje visoke koncentracije sele-
na, koji se inkorporira u proteine formirajuãi selenoproteine. U radu je is-
pitivan uticaj veãeg broja razliåitih koncentracija neorganskih jediwewa se-
lena na porast i formirawe plodonosnih tela medicinski znaåajne gqive Pleu-
rotus ostreatus (komercijalni sojevi Hk-35 i R70). Porast micelijuma na sladnom
agaru praãen je merewem preånika kolonije åiste kulture obogaãene neorgan-
skim jediwewima selena. Korišãena neorganska jediwewa selena, u obliku
Na2SeO4 i Na2SeO3 (1—50 mg/l), stimulisala su porast micelijuma, dok su veãe
koncentracije pokazale razliåit toksiåan efekat u zavisnosti od koncentraci-
je dodavanog jediwewa i soja gqive. Peåurke su zatim gajene na hranqivom sup-
stratu obogaãenom neorganskim jediwewima selena koncentracije do 100 mg/kg.
Sadrÿaj selena u plodonosnim telima odreðen je pomoãu AAS (hidridni metod)
nakon vlaÿne digestije i rezultati su oåitani na VarianSpectarAA-10 spektro-
fotometru sa VGA-76 (pomoãni aparat za isparavawe) LSD testom. Analize su
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pokazale da su gqive upešno usvojile selen u plodonosnom telu. Totalni sadr-
ÿaj selena u plodonosnom telu peåuraka zavisio je od ispitivanog soja i vrste
dodavanog jediwewa. Pleurotus ostreatus je boqe usvojila selen iz Na2SeO3 nego
iz Na2SeO4. Koncentracija usvojenog selena se kretala izmeðu 120 i 250 mg/kg
suve mase. U peåurkama koje su gajene na supstratu bez dodatka selena, sadrÿaj
selena je iznosio svega oko 1 µg/g, dok se ova vrednost za åist supstrat kretala
oko 0.1 mg/kg.
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INFLUENCE OF BIOACTIVE COMPOUNDS
EXTRACTED FROM MUSHROOM

GANODERMA LUCIDUM ON B AND T CELLS

ABSTRACT: Ganoderma lucidum (Leyss.: Fr.) Karst is one of the most often used
mushrooms in traditional medicine of Far Eastern people. Because of its bitter taste and
wooden build it is not suitable for nutrition, but the bioactive substances extracted from this
mushroom possess very important medicinal characteristics. The aim of this experiment was
to investigate the effects of different concentrations of isolated Ganoderma lucidum GL-I
extract on the growth of JY (B) and Jurkat (T) cells. Obtained extracts were added to the
cells in concentrations 1 mg/ml, 100 ng/ml, 10 ng/ml, 1 ng/ml and 100 pg/ml. JY and Jur-
kat cells were exposed to the action of bioactive compounds, b-glucans, during the incuba-
tion period of 72 h, at 37°C, in the atmosphere with 5% CO2 and their number was co-
unted. Among all tested concentrations of extract the most important influence showed con-
centration of 1 mg/ml, which reduced the number of B cells by 61.46%, while in the case
of T cells their number was reduced by 57.14%.

KEY WORDS: b-glucans, bioactive polysaccharides, Ganoderma lucidum, Jurkat
cells, JY cells

INTRODUCTION

Many mushrooms have long been valued as tasty, nutritious food by dif-
ferent societies worldwide. To the ancient Romans they were “the food of the
Gods"; the Egyptians considered them as “the gift from the God Osiris"; the
Chinese viewed them as “the elixir of life". Mushrooms are popular and valu-
able functional food, low in calories and high in minerals, essential amino
acids, vitamins and fibers. In the Orient, several thousand years ago, there was
the recognition that many edible and certain non-edible mushrooms could have
valuable health benefits (B e n s k y and G a m b l e, 1993, H o b b s, 1995).

217



Some of edible mushrooms demonstrate medicinal or functional properties,
while others are known only for their medicinal properties, e.g. Ganoderma lu-
cidum, commonly known as lacquered mushroom. It is a non-edible mushroom
due to its coarse and hard texture and bitter taste. The historical evolution of
usage of these essentially scarce, forest-obtained medicinal mushrooms cer-
tainly did not include whole mushrooms, but in the form of hot water extracts,
concentrates, liquors or powders and used in health tonics, tinctures, teas,
soups and herbal formulae (S m i t h et al., 2002). Ganoderma lucidum has
been widely used in China (named Ling Zhi) and Japan (named Reishi, Man-
nentake) for thousands of years for the treatment of various diseases, including
cancers. The fact that this mushroom earned itself names like “Sky Plant" and
“Mushroom of the Universe", confirm its possibility of revitalization and cu-
ring of different illnesses. It acts antitumour, antiinflammatory, antiviral (e.g.
anti-HIV), antibacterial, antiparasitic, immunomodulating and hepatoprotective,
it has a role in blood pressure regulation, against cardiovascular disorders and
chronic bronchitis, like kidney tonic and nerve tonic (W a s s e r and W e i s,
1999). By current techniques a numerous bioactive compounds were isolated
from different parts of the mushroom, among which polysaccharides, b-D-glu-
cans, peptidoglycans and bitter triterpens were the most important. Pharmaco-
logically, a number of the water-soluble polysaccharides have demonstrated
antitumour and immunostimulating activities.

The effects of bioactive compounds isolated from mushrooms could be
observed on different cell lines, such as T cell and B cell lines, which are
specifically transformed. T cells belong to a group of white blood cells known
as lymphocytes and play a central role in cell-mediated immunity. They can be
distinguished from other lymphocyte types, such as B cells and natural killer
cells, by the presence of a special receptor on their cell surface called T cell
receptors (TCR). B cells are lymphocytes that play a large role in the humoral
immune response (as opposed to the cell-mediated immune response, which is
governed by T cells). The principal functions of B cells are to make antibodies
against antigens, perform the role of Antigen Presenting Cells (APCs) and
eventually develop into memory B cells after activation by antigen interaction
(A b b a s et al., 2000).

MATERIALS AND METHODS

Dried carpophores of Ganoderma lucidum GL-I mushroom were used
for this investigation. The samples were exposed to the hot water extraction
of polysaccharides and alcohol precipitation, refined by dialyses and the ob-
tained extracts were used for testing their influence on human B and T cells
( K l a u s, 2004).

Hot extraction of bioactive compounds

Powdered tissue was washed with 96% ethanol, filtered and dried in va-
cuum (at 40°C for 60 min.) until it turned into powder up to getting powder.
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Dried filtercake was mixed with deionized water and glucans were extracted
by autoclaving at 120°C for 20 min. Material was cooled down and centri-
fuged (10000rpm, at 4—9°C for 10min.). Supernatant was mixed with 2 vol.
96% ethanol and left at 4°C until precipitate was formed. After centrifuge, the
collected pellets were dried in vacuum and the obtained powder was refined
by dialysis.

Refining of bioactive compounds by dialysis

Bioactive compounds, polysaccharides, and b-glucans obtained by hot
water extraction and alcohol precipitation from dry mushroom carpophore
were purificated by dialysis against MQ water. Suspensions were dialysed for
24 h at room temperature. Dialysis is necessary for refining because low-mole-
cular weight molecules will pass through membrane in solution, while high-
-molecular weight molecules, b-glucan will stay inside the membrane. After
the dialysing content was centrifuged, 2 vol. 96% ethanol was added to super-
natant and left at 4°C for a couple of hours. To remove supernatant, the centri-
fugation was applied again and the pellets were dried in vacuum. Dried pellets
were dissolved in phosphate saline buffer (PBS) and used for further exami-
nation on JY and Jurkat cells.

Jurkat and JY cell lines

Jurkat cell line is an immortalized line of human lymphocyte cells that
are used to study acute T cell leukemia, T cell signaling and expression of va-
rious chemokine receptors susceptible to viral entry, particularly HIV. Jurkat
cells are also useful in science because of their ability to produce interleukin 2.
Their primary use, however, is to determine the mechanism of differential
susceptibility of cancers to drugs and radiation (A b b a s et al., 2000).

The JY cell line is a human B cell line transformed by Epstein-Barr virus
(EBV); it does not produce EB virus but does produce Ig. They are a suspen-
sion cell line, though they are known to grow in clumps (A b b a s et al.,
2000).

Jurkat and JY cells were incubated in plastic 28 cm3 flasks filled by
growing media RPMI 1640 with addition of 10% fetal calf serum (fcs), anti-
biotics (1% penicillin and 1% streptomycin) and 7.5% NaHCO3 (buffer), at
37°C, in the 5% CO2 atmosphere. After a seven day incubation, 10 ml of sus-
pension were centrifuged for 10 min on 8000 rpm. 10 ml of fresh RPMI 1640
medium with 10% fcs, antibiotics and NaHCO3 which were warmed up to
37°C were added to the obtained pellets. This suspension was used for making
solution with 105 CFU/ml.

Loading the wells

For all experiment, plates with 24 wells were used. First row was control
and did not contain any extract of mushroom. In the 2nd row 1 µg extract per
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well was added; in the 3rd row 100 ng extract per well were added; in the 4th

row 10 ng extract per well were added; in the 5th row 1 ng extract per well
was added and in the 6th row 100 pg extract per well were added. The rows 3,
4, 5. and 6. were serially diluted by pipetting 100 µl from row 2. into row 3,
from 3. into 4, etc. The starting suspension added to the 2nd row was obtained
by adding 100 µl of mushroom extract into the 900 µl sterile PBS. JY and Jur-
kat cells were exposed to the action of bioactive compounds, b-glucans, during
the incubation period of 72 h, at 37°C, in the atmosphere with 5% CO2 and
their number was counted with Fuchs-Rosenthal chamber.

RESULTS AND DISCUSSION

From 9g powdered dried Ganoderma lucidum Gl-I carpophore 0.0055 g
polysaccharides, b-glucans were obtained through the treatment of hot water
extraction, alcohol precipitation and dialysis refining.

After the incubation period, in the presence of certain amount of extract,
number of cells were counted with Fuchs-Rosenthal chamber, to establish the
changes in the number of cells.

Tab. 1 — Influence of different concentration of Ganoderma lucidum Gl-I extract on JY cells
number and standard deviation

treatmant extract
concentration

number of JY cells (4 repeats) average
number

standard
deviation1 2 3 4

C — 140 141 138 144 140.75 2.5
1 1 mg 47 57 59 54 54.25 5.25
2 100 ng 67 65 60 69 65.25 3.86
3 10 ng 76 78 75 76 76.25 1.25
4 1 ng 86 82 92 87 86.75 4.11
5 100 pg 88 86 93 92 89.75 3.30

It was established that average number of JY cells was changed in the
presence of bioactive compounds extracted from karpophore Ganoderma lu-
cidum Gl-I (Figure 1). In the presence of 1 mg/ml mushroom extract, the aver-
age number was reduced to 54.25 from 140.75, in comparison with the con-
trol, which didn't contain mushroom extract. The number of cells was reduced
by 61.46% under the influence of 1 mg/ml mushroom extract. With the addi-
tion of 100 ng/ml mushroom extract, the average number of cells was reduced
to 65.25, which represents a reduction of 53.64%. In the presence of 10 ng/ml
of mushroom extract, the average number of cells was 76.25 and it was redu-
ced by 45.82%. Addition of 1 ng/ml mushroom extract induced a reduction of
cells number by 38.36%, and average number of cells was 86.75. The smallest
change in the cells number appeared when 100 ng of mushroom extract were
added; in that case average number of cells was reduced by 36.23% and it was
89.75 (Table 1).

On the basis of standard deviation and t-test, p-values were found and it
was established that statistically significant difference existed between all treat-
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ments, except the treatments 1—2. It means that differences in concentrations
of added extract were important in all cases, except in the treatments 1—2.
Compared to the control the biggest difference in the cells number was ob-
tained in the treatment 1, when 1 mg/ml of mushroom extract was added to
the suspension (Figure 1).

Tab. 2 — Influence of different concentration of Ganoderma lucidum Gl-I extract on Jurkat cells
number and standard deviation

treatmant extract
concentration

number of JY cells (4 repeats) average
number

standard
deviation1 2 3 4

C — 110 107 105 112 108.5 3.109
1 1 mg 44 47 49 46 46.5 2.08
2 100 ng 82 93 89 87 87.75 4.57
3 10 ng 88 87 88 90 88.25 1.25
4 1 ng 85 93 82 87 86.75 4.64
5 100 pg 94 98 85 93 92.5 5.44

In the presence of bioactive compounds extracted from karpophore Gano-
derma lucidum Gl-I, average number of Jurkat cells was changed (Figure 2).
The most important change appeared with addition of 1 mg/ml of mushroom
extract when average number of cells was reduced to 46.5 from 108.5, in com-
parison with the control which didn't contain mushroom extract. The number
of cells was reduced by 57.14% under the influence of 1 mg/ml mushroom
extract. With addition of 100 ng/ml of mushroom extract average cells number
was reduced by 19.12% and it was 87.75. Similar result was obtained with the
addition of 10 ng/ml of mushroom extract when average cells number was re-
duced by 18.66% and it was 88.25. In the presence of 1 ng/ml of mushroom
extract average number of cells was 86.75 and it was reduced by 20.05%. Ad-
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concentration of Ganoderma lucidum Gl-I extract



dition of 100 pg/ml of mushroom extract induced a reduction of cells number
by 14.75% and average number of cells was 92.5 (Table 2).

On the basis of standard deviation and t-test, p-values were found and it
was established that statistically significant difference existed between all treat-
ments except treatments 2—3, 2—4, 2—5, 3—4 and 3—5. It means that diffe-
rences in concentrations of added extract were important in all cases, except in
treatments 2—3, 2—4, 2—5, 3—4 and 3—5. When compared to the control
the biggest difference in the cells number obtained in the treatment 1 was
when 1 mg/ml of mushroom extract was added to the suspension (Figure 2).

CONCLUSION

Ganoderma lucidum Gl-I is one strain of this species which could be
found in the woods, but it is also suitable for artificial growing under control-
led conditions. This kind of mushroom belongs to the very important medici-
nal mushroom thanks to its bioactive substances content, which has been con-
firmed for over thousands of years now; it is not edible because of its bitter
taste and wooden build. This investigation showed that bioactive substances,
polysaccharides, b-glucans, obtained through the processes of hot water ex-
traction, alcohol precipitation and dialyses refining had influence on the re-
duction of B cells (a human B cell line transformed by Epstein-Barr virus) and
T cells (an immortalized line of human T lymphocyte cells). Among all tested
concentrations of mushroom extract, the most intensive influence showed con-
centration of 1 mg/ml, which reduced the number of B cells by 61.46%, while
in the case of T cells their number were reduced by 57.14%.

222
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UTICAJ BIOAKTIVNIH KOMPONENATA EKSTRAKOVANIH
IZ GQIVE GANODERMA LUCIDUM NA B I T ÃELIJE
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Rezime

Ganoderma lucidum (Leyss.: Fr.) Karst je jedna od najåešãe korišãenih gqi-
va u tradicionalnoj medicini naroda Dalekog istoka. Gorkog je ukusa i drvena-
ste graðe, pa nije pogodna za ishranu, ali bioaktivne komponente ekstrakovane
iz ove gqive pokazuju vrlo vaÿne medicinske karakteristike. Ciq ovog rada
bio je ispitivawe dejstva razliåitih koncentracija izdvojenog ekstrakta gqive
Ganoderma lucidum GL-I na rast JY (B) i Jurkat (T) ãelija. Izdvojeni ekstrakt je
dodat ãelijama u koncentracijama 1 mg/ml, 100 ng/ml, 10 ng/ml, 1 ng/ml i 100
pg/ml. JY i Jurkat ãelije su inkubirane 72 h na 37°S u atmosferi sa 5% SO2 u
prisustvu bioaktivnih komponenata, polisaharida, b-glukana, a zatim je utvr-
ðen wihov broj. Od svih primewenih koncentracija ekstrakta najveãi uticaj je
pokazala koncentracija 1 mg/ml, koja je u sluåaju dejstva na B ãelije dovela do
smawewa wihovog broja za 61.46%, a u sluåaju dejstva na T ãelije broj je smawen
za 57.14%.
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INFLUENCE OF STRUCTURAL FEATURES
ON IMMUNOSTIMULATING ACTIVITY OF GLUCANS
EXTRACTED FROM AGARICUS BLAZEI MUSHROOM

ABSTRACT: High molecular weight b-D-glucans derived from Basidiomycetes cell
walls are able to specifically activate cellular and humoral components of the host immune
system. The aim of this paper was to examine immunomodulating activity of native,
chemically and enzimatically modified glucans from Agaricus blazei mushroom and to de-
termine which structural features are of primary importance for their stimulation referring to
humane immune cells. The immunomodulating activities were tested in vitro, by stimula-
tion of peripheral blood mononuclear cells (PBMCs) and measuring of interferon-gamma
(IFN-g) production by enzyme linked immunosorbent assay (ELISA). Measurements of
immunomodulatory capacity of Agaricus blazei native glucans showed their expressive im-
munostimulating effect on activated PBMCs and synthesis of IFN-g. The results obtained
after the stimulation of cells with 1M H2SO4 and 1M NaOH, the treated glucans showed
that primary structure is of more importance than the tertiary structure of the triple helix for
their immunostimulating activity and synthesis of IFN-g. Glucans of lower molecular weight
obtained after acid hydrolysis appeared as effective immunostimulators of PBMC's. The re-
sults obtained after the incubation of cells with 1,6 b-glucanase modified glucans suggest
that b-(1,6) binding of glucose monomers probably has no importance for the production of
imunostimulating effects, in vitro. This confirmed that b-(1,3) bonds are the primary deter-
minants of immunomodulatory activities and stimulation of IFN-g synthesis.

KEY WORDS: Agaricus blazei, b-D-glucans, IFN-g, immunostimulating activity,
PBMC's

INTRODUCTION

b-D-glucans are important secondary metabolites isolated from microor-
ganisms, mushrooms and plants. They exhibit prophylactic and therapeutic
properties and can function as biological response modifiers when administe-
red to mammals. They have the ability to enhance or suppress both innate and
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acquired immune response. The major immunopotentiation effects of these
active substances include mitogenicity and stimulation of hematopoietic stem
cells, such as TH and TC cells, B cells, macrophages, DCs, and NK cells (L u l l
et al., 2005.).

The term “b-glucan" refers to the polymers which are generally com-
posed of a linear backbone containing D-glucopyranosyl repeat units which are
linked together by b-(1,3) and b-(1,4)-linkages. Some, but not all, exhibit
b-(1,6)-side chains on the backbone. Glucans can assume a number of solution
conformations depending upon the solvent system. For water soluble glucans,
the two predominant conformations are single helix or triple stranded right-
-winding helix. In the fungal cell wall, most glucans comprise a three-dimen-
sional network of b-(1,3-1,6)-glucans that are connected to the other carbo-
hydrates, proteins and lipids (Y o u n g and C a s t r a n o v a, 2005).

The mechanism of the imunomodulating effect of glucans is not yet fully
understood and probably depends on chemical characterisics, such as molecu-
lar weight, branching patterns, solubility in water and conformational features
like the formation of helix (F r e i m u n d et al., 2003).

In this study we tried to determine which structural features of water so-
luble glucans are of primary importance for their in vitro immunostimulatory
properties. Two types of glucan structure modification were applied, a che-
mical with 1M NaOH and 1M H2SO4 and enzymatic with 1,6 b-glucanase.
NaOH changes the conformation of glucans from triple helix to single strand
( M a e d a et al., 1988). Glucans of lower molecular weight were obtained
after acid hydrolysis with 1M H2SO4 (D i a et al., 2003) and modification with
1,6 b-glucanase.

MATERIAL AND METHODS

Glucans were extracted by hot water and alcohol precipitation from pow-
der of fruit body of Agaricus blazei mushroom. Purification of extract was
done by dialysis. The immunomodulating activity of native and modified glu-
cans was tested in vitro, by PBMCs and measurement of IFN-g production
was done by ELISA. Changes of molecular weight, after incubation with 1M
NaOH, 1M H2SO4 and 1,6 b-glucanase, were observed by exclusion chromato-
graphy using Sephacryl S 200 (K o z a r s k i, 2006.).

Extraction of water soluble glucan fraction

Up to 10% of dried powdered tissue was suspended in water. Glucans
extraction was done by autoclaving 2 x at 121°C for 20 minutes. The extract
was cooled down and centrifuged at 12325 x g for 20 minutes. Supernatants
were collected and boiled to 10% of starting volume. Two volumes of 96%
ethanol were added and left at 4°C overnight. Supernatant was decanted,
washed 1 x with 70% ethanol and centrifuged at 12325 x g. Pellet was dried
at 42°C. Purification was done by dialysis, against 2 l of destilled water, ob-
tained by Millipore purification system (MilliQ) for 24 hours at room tem-
perature.
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Chemical modification

50 mg/ml of glucans were incubated in 1M NaOH and 1M H2SO4

at 37°C for 16 hours. Neutralization was done with 10M H2SO4 resp. 10M
NaOH to pH 6.8—7.2. Glucans in 1M phosphat buffer saline (PBS) were used
as control, under the same conditions.

Enzymatic modification

25 mg/ml of glucans in 5mM sodium acetate (NaAc) buffer at pH 5.4
were incubated with 6 mg/ml of 1,6 b-glucanase, Onuzuka R-10 (Yakult Hon-
sha Co Ltd., Japan) for 1 hour at 55°C. Reaction was stopped by heating at
90°C for 30 minutes followed by precipitation of glucans by addition of 2 vo-
lumes of 96% ethanol.

Column chromatography

Size exclusion chromatography was done on a 1.5 x 90 cm column of
Sephacryl S 200. 25 mg/ml of each glucan sample in MilliQ applied on
column. Eluation was done using fast performance liquid chromatography
(FPLC) system (Pharmacia) with degassed MilliQ water at flow rate of 0.5
ml/min. The eluents were collected by a fraction collector (Pharmacia), each 5
ml in a tube. The void volume was determined to be 60 ml in each fraction,
and glucan content was semiquantified by the phenol-sulfuric acid method
with glucose as a reference (D u b o i s et al., 1956). Protein content was de-
termined using the Bradford method with bovine serum albumun (BSA) as a
standard (B r a d f o r d et al., 1976) Glucan and protein contents were mea-
sured in 5 times concentrated fractions.

Cells isolation

Human PBMCs were prepared from buffy coats, obtained from various
healthy donors. Buffy coats were diluted 1 x with PBS and centrifuged for 15
minutes at 2500 x g over a layer of Histopaque 1077 (Sigma). PBMCs were
carefully collected at the interphase and washed with PBS. Cells were counted
and resuspended at 5—10 x 106/ml in RPMI-1640 containing 10% fetal calf
serum (FCS), 1% penicilin and 1% streptomycin.

Immunomodulatig activity

Glucan solutions were heated before application at 95°C for 20 minutes.
Immunomodulating activity of the various glucans was tested by exposing sti-
mulated PBMCs. As transcription activators, 1 ng/ml phorbol 12-myristate
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13-acetate (PMA) and 0,5 µl/ml Ca-ionophore were added. After incubation
for 48 hours at 37°C in 5% CO2 atmosphere, medium was tested for IFN-g
concentration by sandwich ELISA.

ELISA was performed in Nunc Maxisorp high affinity 96 well plates.
Wells were coated overnight at 4°C wih 50 µl of mouse anti-human IFN-g in
PBS, pH 7. Blocking of non specific binding sites was carried out overnight at
4°C with 0,1% BSA and 1% skimmed milk protein in PBS. Plate was incu-
bated for 2 hours at room temperature with samples diluted in reagent diluent
(0.1% BSA, 0.05% Tween 20 in Tris buffered saline, pH 7.2—7.4, 0.2 µm fil-
tered) and duplicates of standard, human IFN-g (BioSource) reconstituted with
50% glycerol, that was serially diluted in reagent diluent. The concentration of
high standard was 1000 pg/ml. The 100 µl biotinylated goat anti-human IFN-g
in reagent diluent was added to each well, followed by 1 hour incubation at
room temperature. Streptavidin-HRP (BioSource) in 100 µl of reagent diluent
was added to the wells and incubated for 20 minutes at room temperature.
After each step, the plate was washed with wash buffer (0.05% Tween 20 in
PBS, pH 7.2—7.4). Then 100 µl of substrate solution (1:1 mixture of H2O2
and tetramethylbenzidine) was added to each well and incubated at room tem-
perature. After 20 minutes, 50 µl of stop solution (1M H2SO4) was added.
IFN-g production was measured at 415 nm using Benchmark microplate spec-
trophotometer (Bio-Rad).

RESULTS AND DISCUSSION

Size exclusion chromatography of A. blazei native glucans on Sephacryl
S 200 showed the presence of one highest peak eluting together with the void
volume of the column, indicating high molecular weight, over 80 kDa, and a
few small peaks containing molecules of much lower size (Figure 1). In each
fraction, the presence of protein was confirmed. This suggested that glucans
can bound to protein or peptide residues and form proteoglucans. Running the
glucanase digested glucans on the column showed a high fractionation of the
glucan extract (Figure 1). This confirmed that glucans of A. blazei fruiting bo-
dies predominantly had a b-(1,6)-backbone structure with b-(1,3)-side branches
(K o z a r s k i, 2006).

Measurements of immunomodulatory capacity of Agaricus blazei native
glucans showed that A. blazei glucans express immunostimulating effect on ac-
tivated PBMCs and synthesis of IFN-g (Figure 2). Titers of IFN-g measured
after stimulation of cells with acid-hydrolyzed fractions confirmed that glucans
of lower molecular weight are as effective as non-hydrolyzed glucans. ELISA
measurements of IFN-g titer obtained after the stimulation of PBMCs with 1M
NaOH treated glucan showed that the immunostimulating activity was not
changed (Table 1, Figure 2). This indicated that the primary structure of glu-
cans is of more importance than the tertiary structure of the triple helix for
their immunostimulating activity and synthesis of IFN-g.
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Tab. 1 — ELISA measurements of IFN-g titer obtained after the stimulation of PBMCs with A.
blazei native, in 1 M PBS glucans (Ab) and 1M NaOH (AbB) and 1M H2SO4 treated glucans
(AbA). Cell suspension in RPMI, with transcription activators, was used as control.

sample IFN-g titer (pg/mL)

Control 56.09 ± 4.11

Ab 219.26 ± 29.45

AbB 215.95 ± 23.72

AbA 198.31 ± 25.09

The resulting b-(1,3)-glucan fragments of high molecular weight (MW >
80 kDa) and small b-(1,3)-glucan fragments (MW < 80 kDa), left after gluca-
nase degradation, showed a strong enhancement of immunostimulatory activity
compared to the native glucans (Figure 3).
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Fig. 1 — Separation of native and modified A. blazei (graphs A, B, C, D) fruiting body
glucans on Sephacryl S 200. Glucans in PBS, A; with 1,6 b-glucanase modified glucans B;

with 1M H2SO4 treated, C; and with 1M NaOH, D.
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Fig. 2 — IFN-g response of stimulated PBMC's incubated with native, in 1M PBS,
A. blazei glucans (Ab) and glucans which have been exposed to 1M NaOH (AbB)

and 1M H2SO4 (AbA).

Fig. 3 — IFN-g response, after 48 hours, of stimulated PBMC's incubated with native,
in 1M PBS, A. blazei glucans (Ab) and with 1,6 b-glucanase digested glucans (AbE).



Tab. 2 — ELISA measurements of IFN-g titer obtained after the stimulation of PBMCs with A.
blazei native, in 1 M PBS glucans (Ab) and with 1,6 b-glucanase treated glucans (AbE). Cell
suspension in RPMI, with transcription activators, was used as control.

sample IFN-g titer (pg/mL)

Control 135.23 ± 9.30

Ab 219.26 ± 29.45

AbE 198.31 ± 25.09

The obtained results suggest that b-(1,6) binding of glucose monomers
probably has no importance for the production of imunostimulating effects, in
vitro.

CONCLUSION

Measurements of immunomodulatory capacity of Agaricus blazei native
glucans showed that A. blazei glucans express immunostimulating effect on the
activated PBMCs and synthesis of IFN-g. The results obtained after the stimu-
lation of cells with chemical and enzimatically modified glucans showed that
primary structure is of more importance than the tertiary structure of the triple
helix for their immunostimulating activity and synthesis of IFN-g. The ob-
tained results confirmed that b-(1,6) binding of glucose monomers probably
has no importance for the production of imunostimulating effects, in vitro.
This suggests that b-(1,3) bonds are the primary determinants of immuno-
modulatory activities and stimulation of IFN-g synthesis. The results confirmed
that glucans of lower molecular weight are effective for stimulation of PBMCs
and production of IFN-g.
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UTICAJ STRUKTURNIH KARAKTERISTIKA
NA IMUNOSTIMULATIVNU AKTIVNOST GLUKANA

EKSTRAHOVANIH IZ GQIVE AGARICUS BLAZEI
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2 Katedra za Tehnološku mikrobiologiju, Institut za

prehrambenu tehnologiju i biohemiju, Univerzitet u Beogradu —
Poqoprivredni fakultet, Nemawina 6, 11081 Beograd, Srbija

e-mail: maja@agrif.bg.ac.rs

Rezime

b-D-glukani velikih molekulskih masa izolovani iz ãelijskog zida gqiva
iz klase Basidiomycetes imaju sposobnost da specifiåno aktiviraju celularne i
humoralne komponente imunog sistema domaãina. Imunomodulatorska aktivnost
miko-D-glukana u funkciji je wihovih hemijskih karakteristika, kao što su
molekulska masa, stepen granawa, rastvorqivost u vodi i tercijarna struktura.
Ciq ovog rada je bio ispitivawe imunomodulatorske aktivnosti nativnih, he-
mijski i enzimski modifikovanih glukana gqive Agaricus blazei i da se utvrdi
koja je strukturna karakteristika od primarnog znaåaja za stimulaciju ãelija hu-
manog imunog sistema. Imunomodulatorska aktivnost je testirana in vitro, sti-
mulacijom mononuklearnih ãelija krvi iz perifernog krvotoka (PBMC) mole-
kulima glukana i merewem koliåine sintetisanog interferona-gama (IFN-g) od
strane stimulisanih ãelija enzimoimunotestom (ELISA). Merewem imunomodu-
latorskog kapaciteta Agaricus blazei nativnih glukana pokazano je da ovi mole-
kuli imaju izraÿeno imunostimulativno dejstvo na aktivirane PBMC ãelije i
stimulaciju sinteze IFN-g. Stimulacijom ãelija glukanima koji su prethodno
bili parcijalno hidrolizovani 1M H2SO4 i 1M NaOH izmereni titar IFN-g se
nije znaåajno promenio u odnosu na nativne molekule. Glukani mawih molekul-
skih masa, nastali nakon kisele hidrolize, pokazali su se kao efikasni stimu-
latori PBMC ãelija. Merewem titra IFN-g nastalog nakon inkubacije aktivi-
ranih ãelija sa 1,6 b-glukanazama modifikovanim glukanima potvrðeno je da su
fragmenti b-(1,3)-glukana velikih molekulskih masa (MM > 80 kDa) i mali
fragmenti b-(1,3)-glukana (MM <80 kDa), nastali nakon enzimske modifikaci-
je, ispoqili znaåajno poveãawe imunostimulativne aktivnosti u odnosu na na-
tivne molekule. Dobijeni rezultati su ukazali da b-(1,6)-glikozidne veze nemaju
znaåaja u ispoqavawu imunostimulativnog efekta, in vitro.
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Ovim je potvrðeno da je za imunostimulativnu aktivnost i stimulaciju
sinteze IFN-g od primarnog znaåaja prisustvo b-(1,3)-glikozidnih veza. Zakqu-
åeno je da je za imunomodulatorsku aktivnost ovih molekula bitna primarna
struktura, a ne konformacija trostrukog heliksa nativnih molekula, kao i da su
molekuli glukana mawih molekulskih masa efikasni stimulatori sinteze IFN-g.
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MACROFUNGI OF THE ZASAVICA SPECIAL
NATURE RESERVE

ABSTRACT: In the frame of biodiversity investigation of the Republic of Serbia, the
investigation of the presence and the diversity of macrofungi of the Zasavica Special Nature
Reserve (North Serbia) has been undertaken. Relatively poor generic diversity of macro-
fungi was recorded with domination of ecological group of wood-decaying species.

Even though being preliminary, our results point to the necessity of conservation and
protection of recent fungal diversity but, in our opinion, not by making a so-called “Red list
of endangered species", which, due to the lack of information and very poor evidence on
this group of organisms in our country, are extremely unreliable and therefore disputable,
but rather through the very short list of a few not endangered species, conditionally called
“White list of not endangered fungal species", if such species recently exist et all.

KEY WORDS: Macrofungi, Zasavica Special Nature Reserve, Serbia.

INTRODUCTION

The investigations of the generic composition of mushrooms, macro-
scopic fungi, in Special Nature Reserve Zasavica, has been done sporadically.
The obtained results have not been systematized so far, however, these are two
completed publications representing mushrooms of Zasavica: a report publi-
shed in the Monograph on Zasavica (2001) and a chapter in the book “Guide
through the nature of SNR Zasavica", Chapter “Fungi". Only 30 dominant
species of macrofungi have been described in the mentioned publications. Du-
ring the course of the research camps in 2006 around 100 new species of mush-
rooms have been recorded in the Zasavica Special Nature Reserve Region. It
should be emphasized that this paper represents only a part of permanent mo-
nitoring of mushrooms composition, taking place in SNR Zasavica. 150 spe-
cies of macrofungi have been determined so far in the reserve.
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Data considering the qualitative and quantitative composition of these im-
portant reducers of organic matter are lacking, as well as data about their sig-
nificant role in the entire chain of the nutrition in natural environments. The
fungi in general and especially lignicolous macrofungi, become recently a
group of organisms of great biotechnological interest as potential producers of
various biologically active agents (M a t a v u l y, 1993, 1996a).

In our country the investigations of biodiversity (S t e v a n o v i c y et al.,
1995) are in progress. The aim of this research was collecting necessary infor-
mations regarding this field in order to form a basis for the conservation and
improvement of existing conditions in natural environments. Fungi are pointed
as especially endangered group of organisms in Europe (A r n o l d and de
V r i e s, 1993); I n g, 1993; I v a n å e v i ã, 1995). Since data on macrofungi
originating in the Zasavica speciae nature reserve are scarce (M a t a v u l y et
al., 2001), and the region has been classifical as protected area, it was found
worthy and interesting to start with the evidence of fungal species as the be-
ginning of more systematic and more detailed investigations of the presence,
biology, ecology and conservation of these endangered organisms as a whole.

MATERIAL AND METHODS

Sporadic mycological investigations of the Zasavica region were done du-
ring the nine-year period, from 1997 to 2006. Seventeen localities within the
investigated sector were chosen for the collection of samples of lignicolous
macrofungi (Batar, Treblyevine, Vrbovac, Prekopac, Yovacha, Prekoyovacha,
Palyevine, Skelice, Shiroka bara, Bara Ribnyacha, Sajak, Polyansko, Preseka),
and other six sites were chosen for sampling macrofungi during 2006 (Va-
lyevac Livade, Valyevac Shume, Lug, Pachya Bara; Turske Livade, Shiroka
Bara).

The samples have been collected, prepared, and photo-documented by
members of NGO “Pokret Gorana Sremska Mitrovica" preserved and stored in
the Nature Reserve is natural collection. Fungi were identified on the basis of
both morphological and anatomical properties of fruit bodies and according to
specific chemical reactions using modern keys (A i n s w o r t h et al., 1973;
B o n, 1988; B o ÿ a c, 1989; C e t t o, 1979; E l l i s and E l l i s, 1991;
F o c h t, 1979; H e r m a n n, 1990; M o s e r, 1978; P h i l l i p s, 1983).

RESULTS AND DISCUSSION

Results of recording of fungal species in the Zasavica special nature re-
serve are displayed in Table 1 containing the list of noted macrofungi. Most of
them can be found during the whole year, regardless of the season, except
Flammulina velutipes which appears usually during the late winter and early
spring seasons, Coprinus micaceus and Coprinus disseminatus, which do not
grow only during the winter, and Pholliota cerifera, which belong to the group
appearing during summer and autumn seasons.
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Tab. 2 — Preliminary list of fungal species recorded on other six localities belonging to the wider
zone of the Zasavica Special Nature Reserve

Sampling
site

Valyevac
Livade

Lug
Valyevac
Shume

Pachiya
Bara

Turske
Livade

Shiroka
Bara

Species Auricularia
mesenterica

Coprinus
auricomus

Coprinus
flocculosus

Lenzites
betulinus

Fomes
fomentarius

Macrolepiota
procera

Peroneutypa
heteracantha

Agaricus
silvicola

Ganoderma
lucidum

Marasmius
androsaceus

Marasmius
bulliardi

Marasmiellus
vaillanti

Shizophyllum
commune

Ganoderma
applanatum

Ganoderma
australe

Marasmiellus
ramealis

Panaelous
sphinctrinus

Phellinus
trivialis

Polyporus
squamosus

Trametes
versicolor

Trametes
hirsuta

Xylaria
longipes

Auricularia
mesenterica

Shizophyllum
commune

Auricularia
auricula judae

Colticia
perennis

Datronia
mollis

Ganoderma
lucidum

Hygrocibe
unginosa

Lentinus
tigrinus

Mycena
galopus

Shizophyllum
commune

Fomes
fomentarius

Ganoderma
australe

Polyporus
squamosus

Corilopsis
trogi

Daedaleopsis
confragosa

Exidia
recisa

Enteloma
incanatum

Hapalopilus
rutilans

Heterobasidium
anosum

Hemimycena
candida

Inotus
hispidus

Marasmius
rotula

Monilina
jansoni

Mycena pura
v. pura

Mycena
galopus

Mycena
polygrama

Peniophora
rufomarginata

Phellinus
igniarius

Psathyrella
obtusata

Poculum
firmum

Lentinus
tigrinus

Peroneutypa
heteracantha

Agaricus
silvaticus

Clitocyba
vibecina

Coprinus
sp.

Marasmius
androsaceus

Marasmius
bulliardi

Marasmiellus
vaillanti

Mycena pura
var. lutea

Oligoporus
stipticus

Pluteus
cinereofuskus

Pluteus
cervinus

Scleroderma
citrinum

Polyporus
adustus

Auricularia
mesenterica

Ganoderma
lucidum

Macrolepiota
procera

Xylaria
longipes

Auricularia
mesenterica

Shizophyllum
commune

Coprinus
callinus

Coprinus
domesticus

Derocybe
sp.

Entoloma
incarnatum

Enteloma
sp.

Hebeloma
mesophaceum

Panaelopulus
sp.

Psathyrella
condelleana

Psathyrella
conopileus

Pseudocraterellus
untulatus

Sarcoscypha
austriaca

Auricularia
auricula judae

Marasmiellus
vaillanti

Panus
tigrinus

Shizophyllum
commune
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Out of 25 recorded lignicolous macrofungi, 8 species belonged to the
Polyporaceae followed by 4 members of fam. Tricholomatacea; two of them
belonged to families Ganodermataceae, Stereaceae, and Coprinaceae, and
by one species to families: Hypocreaceae, Auriculariaceae, Schizophyllaceae,
Strophariaceae, Hymenochaetaceae, Aleuriaceae and Tremellaceae.

Recording of fungal species in the wider zone of the Zasavica Special
Nature Reserve during the 2006 (Table 2), another 60 species of macromy-
cetes have been noted, most of them for the first time in the Zasavica region.
Howewer, most of them belonged to the ecological group of wod-decaying
fungi, which confirmed our earlier findings (M a t a v u l y et al., 2001). Ligni-
colous species were numerous in Lug and Valyevac Shume localities as ex-
pected since these two localities have been the most densely forested with the
richest diversity of tree and shruby plant species.

Since fungi are one of the most important group of organisms playing ir-
replaceable role in the organic matter reduction and mineralization in the natu-
ral environments, it is necessary to undertake measures for conservation of
existing fungal genofond. For the conservation and improvement of the exist-
ing fungal genofond it is necessary to conserve and if it is possible to recon-
struct and improve the autochthonous, even rudimentary plant associations, in
order to provide substrates and ecological niches for fungal appearance.

We also find the promotion of so-called “red lists of endangered fungal
species" (I v a n c h e v i c y, 1995, 1996) in similar natural environments, dras-
tically devastated by anthropogenic monoculture introduction, not justified, due
to very limited knowledge regarding this group of organisms and due to the
distinct lack of informations about both former and recent presence or absence
of fungal species at this territory and for one longer period of time. Being a
group of organisms most sensitive to the anthropogenic natural changes (pollu-
tion, decrease of ecological niches diversity, excessive exploitation, the eradi-
cation by fungicides, etc.), fungi are the most endangered organisms. From
this reason, in our opinion, at this stage of our, more convenient and more
justified would be to establish a (very) short “white list of not endangered"
fungal species which would, we are convinced, much more adequately serve
for the protection and conservation of this extremely important link in the mat-
ter cycle and energy flow, first of all in terrestrial ecosystems (M a t a v u l y
et al., 1998).

CONCLUSION

During the 1997—2006 period, the presence and diversity of macrofungi
species in the special nature reserve Zasavica have been surveyed. Mostly lig-
nicolous species were recorded. Relatively poor generic composition can be
explained by drastic anthropogenic devastation of autochthonous plant associa-
tions, and by reducing the vegetation along the Zasavica bank to the relatively
small number of plant species, consequently causing the reduction of the
diversity of ecological niches for growth of fungi, as a rule highly specified
for dead or living plant substrate or for the plant symbiont. Higher number of
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fungal species was recorded within the wider region of the Zasavica Special
Nature Reserve.

Since in natural environments fungi have an important role as one of the
most important group of mineralizators of organic matter, which is an im-
portant link in the matter cycle and energy flow through the ecosystem, it is
necessary to prevent further devastation of fungal species diversity and to
undertake measures for conservation of existing fungal genofond and for its
diversity improvement by protection of autochthonous plant associations what
would cause the protection of ecological niches diversity and consequently to
that preservation of fungal species diversity.

From mycological point of view, the Special nature reserve Zasavica is
not terra incognita any more, but for more reliable data, further systematic and
more detailed investigations of the whole Zasavica region should be under-
taken.
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MAKROGQIVE SPECIJALNOG REZERVATA PRIRODE ZASAVICA
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3 Departman za biologiju Prirodno-matematiåkog fakulteta
u Bawoj Luci, Republika Srpska

Rezime

U okviru istraÿivawa biodiverziteta Republike Srbije zapoåeta su is-
traÿivawa prisustva i raznovrsnosti makrogqiva u Specijalnom rezervatu pri-
rode Zasavica (Severna Srbija, delom Administrativna teritorija AP Vojvo-
dine). Ustanovqen je relativno siromašan generiåki sastav makrogqiva sa do-
minacijom lignikolnih vrsta.

Iako preliminarni, naši rezultati ukazuju na neophodnost konzervacije
i zaštite recentnog diverziteta makrogqiva ali, po našem mišqewu, ne usta-
novqavajuãi takozvane “Crvene liste ugroÿenih vrsta", koje su, zahvaqujuãi ne-
dostatku informacija i vrlo siromašnoj evidenciji ovih organizama u našoj
zemqi, vrlo nepouzdane, a time i diskutabilne, nego pre ustanovqavajuãi vrlo
kratke liste od po nekoliko neugroÿenih vrsta, uslovno zvanih “Bele liste ne-
ugroÿenih vrsta gqiva", ukoliko takve vrste danas uopšte postoje.
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ROLE OF FUNGI IN BIODETERIORATION
PROCESS OF STONE IN HISTORIC BUILDINGS

ABSTRACT: Fungal ability in production of pigments and organic acids have crucial
role in discoloration and degradation of different types of stone in cultural heritage objects.
Additionally, stone objects may support novel communities of microorganisms that are
active in biodeterioration process. This investigation focuses on mycological analyses of
microbial biofilm from two important buildings, made of granite and sandstone, and which
were heavily colonized by fungi. The 23 fungal taxa including filamentous microfungi and
yeasts with specific distribution on sandstone and granite substrate were isolated. Melanized
fungi from Dematiaceae (Deuteromycotina) were dominant. The identified microfungi cause
discoloration, as well as mechanical exfoliation of building stone material that was analyzed
through mechanical hyphae penetration and production of dark pigments and organic acids.

KEY WORDS: biodegradation, cultural heritage, fungi

INTRODUCTION

Numerous factors affect the stone durability. Stone surfaces are conti-
nuously exposed to physical, chemical and biological degradation. Physical,
chemical, and biological agents act in co-association, ranging from synergistic
to antagonistic, to the deterioration. Among biological agents miroorganisms
have critical importance, in stone deterioration. They can cause various da-
mages on the stone surface, such as: formation of biofilm, chemical reactions
with substrate, physical penetration into the substrate as well as pigments pro-
duction. Numerous studies have been dealing with establishing the role of bio-
logical agents in the stone deterioration (P o c h o n and J a t o n, 1968; M a y
et al., 1993; B o c k and S a n d, 1993).

During the recent decades there has been a general concern about the de-
terioration of historic buildings. Along with chemical and physical factors,
microbial growth plays an important role in this process (S u i h k o et al.,
2007). Microbial colonization of stones depends on environmental factors such
as water availability, pH, climatic exposure, nutrient sources, and petrologic
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parameters such as mineral composition, type of cement, as well as porosity
and permeability of rock material (W a r s c h e i d and B r a a m s, 2000). The
stone ecosystem is subject to harsh environmental changes, especially tempera-
ture and moisture, exerting extreme selective pressure on any developing mic-
robial community (M a y, 2003). Bioreceptivity of stone depends on its struc-
ture and chemical composition, while the intensity of microbial contamination
is determined by the climatic conditions and anthropogenic eutrophication of
the atmosphere (P r i t o and S i l v a, 2005). Biofilm formation on clean sur-
faces usually starts with phototrophic organisms (algae, cyanobacteria) which
use CO2 from the atmosphere as their carbon source and sunlight as their
energy source. Heterotrophic organisms (most bacteria and all fungi) need
some organic source for their growth, which is provided by metabolites of
phototrophic organisms or by air-borne deposition. It has been shown that very
low nutrient requirements of some rock inhabiting heterotrophic microorga-
nisms may be fulfilled by remains of polluted air and rain or animal remains
and secretion (S u i h k o et al., 2007).

The aim of this work was to study the microfungi community on biodete-
riorated stone samples originating from two historical buildings by using culti-
vation and microscope observations in order to evaluate the potential damage
caused by fungal species.

MATERIAL AND METHODS

Sampling

Samples of stone were collected from two localities: “Monument of the
Unknown Hero" (Avala Mountain near Belgrade) and “Brankov most" (Sava
river, Belgrade), and two types of stone: granite and sandstone. After a careful
observation visible alterations and degradation were mapped and after that the
samples were taken. Granite and sandstone samples were taken for myco-
logical analyses by swabbing surfaces with sterile cotton swabs. The samples
were then stored at 4°C.

Cultural media and inoculations

Swab samples were diluted in 10 ml sterile distillated water and shaken
mechanically for 10 minutes. Malt-streptomycin-agar (MSA) medium (MA ac-
cording to B o o t (1971), with 500 mg streptomycin per liter) was inoculated
with 1 ml of the resulting suspensions. Each sample was repeated in triplicate.
The plates were incubated at 24°C in thermostat. Isolation of the formed colo-
nies was done successively, using standard mycological medium (Malt extract
agar, Potato-dextrose agar and Czapek's solution agar). All the cultures were
grown 7 days in thermostat at 24°C. Macroscopic and microscopic characteri-
stics of the obtained isolates were examined. Identification of fungi was based
on the macroscopic features of colonies grown on agar plates, and the micro-
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morphology of the reproductive structures was identified identification keys
( A r x, 1974; E l l i s and E l l i s, 1997; P i t t, 1979; R a p p e r and F e n -
n e l, 1965).

RESULTS AND DISCUSION

23 fungal taxa were identified analyzed samples from all (Table 1). The
fungal species from both granite and sandstone substrata were Alternaria sp. 1,
Alternaria sp. 2, Cladosporium cladosporioides, C. sphaerospermum, Epicoc-
cum purpurascens, Fusarium sp., Mycelia sterilia (melanised), Mycelia sterilia
(non-melanised) and one yeast taxa. Species occurring on granite substrata
only were Alternaria sp. 3, Aspergillus flavus, Aspergillus nidulans, Cunning-
hamela echinulata, Drechlera dematoidea, some species from Moniliales order
and Mucor sp. (Figs. 1 and 2). On the other hand, sandstone surface biofilm
includes some species not present on granite: Aureobasidium pullulans var.
melanigerum, Fusarium oxysporum, Mucor racemosus, Paecilomyces variotii,
Penicillium sp., Penicillium verrucosum var. cyclopium and Phoma sp. The
mentioned fungal species are typically soil fungi, which is in accordance with
the results of Š i m o n o v i å o v a et al. (2004) who noted considerable num-
ber of the same genus and species. The identified microfungi cause discolora-
tion, as well as mechanical exfoliation of building stone material that was
analyzed through mechanical hyphae penetration and production of different
pigments (Aureobasidium, Cladosporium, Alternaria) and organic acids (some
species of genus Aspergillus, Alternaria, Penicillium). Alternaria species were
among dominant microfungi on the mineral substrate (Š i m o n o v i å o v a et
al., 2004). Aspergillus versicolor, Aureobasidium pullulans, Alternaria alter-
nata and Penicillium chrysogenum were the most common species isolated
from themineral substrates.

Tab. 1 — Micromycetes isolated from both deteriorated stone material

Micromycetes
Stone material

Granite Sandstone

Alternaria sp. 1 * *
Alternaria sp. 2 * *
Alternaria sp. 3 *
Aspergillus flavus *
Aspergillus nidulans *
Aureobasidium pullulans var. melanigerum *
Cladosporium cladosporioides * *
Cladosporium sphaerospermum * *
Cunninghamela echinulata *
Drechlera dematoidea *
Epicoccum purpurascens * *
Fusarium oxysporum *
Fusarium sp. * *
Moniliales *
Mucor racemosus *
Mucor sp. *
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Mycelia sterilia (non-melanized) * *
Mycelia sterilia (melanised) * *
Paecilomyces variotii *
Penicillium sp. *
Penicillium verrucosum var. cyclopium *
Phoma sp. *
yeast * *

total 16 taxa 16 taxa
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Fig. 1 — Mixed fungal cultures isolated from granite and sandstone swab samples
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Fig. 2 — Micromycetes isolated: 1. and 2. Cunninghamela echinulata and
3. Aspergillus nidulans from granite stone; 4. Alternaria sp. 1,

5. Epicoccum purpurascens and 6. Alternaria sp. 2. from granite and sandstone



Biological infections and the intensity of biodeterioration processes are
strongly influenced by water availability. This is determined by material-speci-
fic parameters, like porosity and permeability, environmental conditions of the
site and exposure of the object (W a r s c h e i d and B r a a m s, 2000). The
establishment of fungi on rocks is possible even without the pioneering partici-
pation of phototrophic organisms. Fungi are especially concentrated in stone
crusts. They are able to penetrate into the rock material by hyphal growth and
biocorrosive activity, due to excretion of organic acids or by oxidation of mi-
neral-forming cations, preferably iron and manganese. Their deterioration acti-
vities also include discoloration of stone surface, due to the excretion of mela-
nin by dematiaceus fungi (W a r s c h e i d and B r a a m s, 2000).

Recently, it has been apparent that fungi comprise a significant compo-
nent of microbiota in a wide range of rocks including sandstone, granite, lime-
stone, marble and gypsum (B u r f o r d et al., 2003). Š i m o n o v i å o v a et
al. (2004) the reported presence of 36 different microfungi on stone in hypo-
gean cemetery in Bratislava. In the Earth's lithosphere, fungi are of fundamen-
tal importance as decomposer organisms, being ubiquitous in subaerial and
subsoil environments. The ability of fungi to interact with minerals, metals,
metalloids and organic compounds through biomechanical and biochemical
processes, makes them ideally suited as biological weathering agents of rock
and building stone. Biological and mycological investigations are very im-
portant part of good conservation and cannot be ignored in modern conserva-
tion concept which includes close collaboration between art and science.
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ULOGA GQIVA U PROCESU BIODETERIORACIJE KAMENA
ISTORIJSKIH GRAÐEVINA

Milica V. Qaqeviã Grbiã, Jelena B. Vukojeviã

Institut za botaniku i Botaniåka bašta „Jevremovac", Biološki fakultet,
Univerzitet u Beogradu, Takovska 43, Beograd, Srbija

Rezime

Sposobnost gqiva da interreaguju sa mineralima, metalima i organskim
materijama åini ih idealnim agensima koji putem mehaniåkih i biohemijskih
procesa deluju degradirajuãe na stene i graðevinski kamen. Pigmenti i organ-
ske kiseline, koje produkuju gqive, imaju esencijalnu ulogu u diskoloraciji i
degradaciji razliåitih tipova kamena kulturno-istorijskih objekata. Ova is-
traÿivawa obuhvataju mikološku analizu biofilma poreklom sa dva istorijska
objekta u Beogradu: Spomenika neznanom junaku na Avali i Brankovog mosta na
Savi. Izolovano je ukupno 23 taksona filamentoznih gqiva, sa dominacijom
melanizovanih mikromiceta (Alternaria spp., Aureobasidium pululans var. melani-
gerum, Cladosporium cladosporioides, C. sphaerospermum, Drechlera dematoidea, Epi-
coccum purpurascens., Phoma sp.) i specifiånim rasporedom na granitnom sup-
stratu i kamenu pešåaru koji su istraÿivani. Mikološka analiza biofilma sa
površine graðevinskog kamena je vaÿna karika u sprovoðewu dobre konzervaci-
je i ne moÿe biti izostavqena u savremenom konceptu konzervacije koji ukqu-
åuje tesnu saradwu izmeðu konzervatora i mikrobiologa.
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MARINE FUNGI — DEGRADERS OF
POLY-3-HYDROXYALKANOATE BASED

PLASTIC MATERIALS

ABSTRACT: The search for new biosynthetic and biodegradable materials to save
nonrenewable resources and reduce global pollution problems is an urgent task. Recently,
materials like thermoplastic poly-3-hydroxyalkanoates (PHA), have been found synthesized
by bacteria as storage materials. The major PHAs synthesized are poly-b-hydroxybutyrate
(PHB), poly-b-hydroxyvalerate (PHV) and their copolymers. They are already commercially
produced and used as BIOPOLTM (ICI, England). Their complete degradability by bacteria
has already been shown. Today, oceans and estuaries serve as major landfills, and since
fungi are an important part of the degrading microbiota, in order to prove their participation
in the degradation process, a simple degradation test suitable for fungi and marine condi-
tions had to be developed. Several solid media based on artificial sea water, differing in the
content of non-alkanoate organics and supplemented with 0.1% PHA (or BIOPOLTM) as a
main source of carbon have been tested. The testing principle consists of clearing the turbid
medium in test tube or plates caused by suspended granules of PHA.

All media tested supported the growth of fungi. For the discrete and transparent
clearing of zones, a mineral medium with 0.01% peptone, 0.01% yeast extract, and 0.1%
PHB or BIOPOLTM was finally chosen where the fine and evenly distributed turbidity is
accomplished by a specific procedure. This method allows the investigation of degradability
of PHA-based plastic materials as well as screening for fungal ability to depolymerise pure
PHA homopolymers. Using this medium, 32 strains of marine yeasts and 102 strains of ma-
rine mycelial fungi belonging to different systematic and ecological groups were tested for
their ability to degrade PHAs. Only about 4% of the strains were able to degrade BIO-
POLTM and about 6% depolymerised pure PHB homopolymer. This is in sharp contrast to
the results of our previous experiments with 143 strains of terrestrial fungi which showed
that 55% are able to degrade BIOPOLTM.

KEY WORDS: PHA, BHB, BIOPOL, marine fungi, degradation, screening method

INTRODUCTION

The decrease in natural fossil resources recently led to an increased
search for renewable, that is biosynthetic raw materials. Furthermore, current
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concern about environmental pollution caused by petrochemical-based plastics
led to investigations for replacement of such nondegradable synthetic polymers
by biodegradable ones (H a r t l e y, 1987; L a f f e r t y et al., 1988; A n d e r -
s o n and D a w e s, 1990; B r a n d l et al., 1990).

In some bacteria poly-3-hydroxyalkanoates (PHAs) constitute a major
bacterial carbon and energy storage material (H o l m e s, 1988; F u l l e r,
1990). Recently, poly-3-hydroxybutyrate (PHB) and poly-3-hydroxyvalerate
(PHV) often copolymerised as PHB-co-PHV, showing thermoplastic proper-
ties, which attracted great industrial interest. BIOPOLTM, the new “biodegra-
dable" plastic material is one of copolymers that has been already produced on
a large scale, and is being used as packaging material (ICI, Imperial Chemical
Industries, England; today Zenecca).

Environmentally, the most important property of PHAs is their full mic-
robial degradability to CO2, water and energy (I C I, 1990; B y r o m, 1990).
PHAs have been shown to be completely biodegradable by bacteria (M a c r a e
and W i l k i n s o n, 1958; M e r r i c k and D o u d o r o f f, 1964; D e l a -
f i e l d et al., 1965; L u s t i and D o u d o r o f f, 1966; H i p p e und S c h l e -
g e l, 1967; F e d u l o v a et al., 1980; T a n i o et al., 1982; N a k a y a m a
et al., 1985; F u k u i et al., 1988; J a n s s e n and H a r f o o t, 1990; M o -
l i t o r i s et al., 1997; M a t a v u l j and M o l i t o r i s, 2000; M a t a v u l y
et al., 2006). However, fungal participation in the degradation of PHAs and
PHA-based plastics has been only indicated and mostly neglected with few
exceptions (D e l a f i e l d et al., 1965; L e p i d i et al., 1972). Fungi have at-
tracted more attention in this connection much later (H o l m e s, 1985; M c -
L e l l a n and H a l l i n g, 1988; D a v e et al., 1990; M a t a v u l j and M o -
l i t o r i s, 1990; 1991; 1992a; 1992b; M a t a v u l j, 1991; M a t a v u l j et
al., 1994; N e u m e i e r et al., 1994).

Fungi are an important part of degrading microbiota, playing a most ac-
tive role in the mineralization of organic matter and in the element cycling.
Equipped with extracellular multienzyme complexes, fungi are most efficient,
especially in breaking down the natural polymeric compounds. By means of
their hyphal systems they are also able to colonize and penetrate substrates
rapidly and to transport and redistribute nutrients within their mycelium.

The ultimate fate of many organic materials is mineralization by microor-
ganisms. The ever-increasing human demand for materials leads to a concomi-
tant increase in waste production. The fact that marine environments (sea- and
estuarine waters, sea-bed sediments, coastal sand/rock/soil areas) serve today
as major landfills, it also means that the new generation of biosynthetic plas-
tics will probably have to be degraded there as well. This led us to investigate
the potential of marine fungi to degrade biosynthetic plastics, in our case BIO-
POLTM and its available individual components.

Since fungi participate significantly in microbial degradation processes
and since their role in the transformation of organic matter, particularly in ma-
rine habitats, is mainly unknown, a simple screening method for fungal degra-
dation of BIOPOLTM and its components (PHB homopolymer and triacetin)
was developed. The method was to provide at least semiquantitative data from
screening of high numbers of marine fungi under simulated marine conditions
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(mineral composition of water, level of salinity, pH). Similarly, a screening
method for terrestrial fungi under terrestrial conditions has already been deve-
loped and reported recently (M a t a v u l j and M o l i t o r i s, 1992a,1992b).

MATERIAL AND METHODS

Media

During the development of media for fungal growth and detection of
PHA degradation in simulated marine conditions, three media with low con-
tent of non-PHA organic nutrients were tested comparatively:

1) Glucose-peptone-yeast extract agar (GPY), containing 0.1% glucose,
0.05% peptone, and 0.01% yeast extract (M o l i t o r i s and S c h a u m a n n,
1986).

2) Reduced glucose-peptone-yeast extract agar (rGPY): 0.01% glucose,
0.01% peptone, and 0.01% yeast extract.

3) Basal mineral medium with peptone and yeast extract (MPY):
Mineral salts: 0.14% NaN03, 0.10% NH4H2P04, 0.10% KH2P04, 0.06%

K2HP04 x 3H2O, 0.04% MgS04 x 7H2O, 0.02% CaCl2 x 2H2O.
Organic substances: 0.01% peptone, 0.01% yeast extract.
Microelement solution A: (1 ml/l medium): 0.40% CUS04 x 5H2O, 0.40%

ZnS04 x 7H2O, 0.40% Na2Mo04, 0.20% MnS04 x H2O, 0.20% CoCl2 x 6H2O,
0.20% H3B03, 0.10% KI, 0.10% Na2Se03 x 5H2O, 0.10% Na2Wo4 x 2H2O,
0.10% KAI(S04)2 x 12H2O.

Microelement solution B: (1 ml/l medium): 0.05% FeS04 x 7H2O.
In all cases 1.60% agar and artificial seawater were used for the prepara-

tion of the media. The pH was adjusted to 7.0 before autoclaving at 121°C for
20 min.

The composition of artificial seawater was, as it was described earlier
( L o r e n z and M o l i t o r i s, 1992) resulting in the following concentrations
(weight/volume of distilled water): NaCl 2.270%, KH2P04 0.788%, MgS04 x
7H2O 0.700%, MgCl2 x 6H2O 0.550%, KCl 0.065%, NaBr 0.010%, H3B03
0.003%, SrCl2 x 6H2O 0.0015%, C6H807 x H2O 0.001%. CaCl2 was added as a
separate solution to make the final concentration of 0.150%.

A modified solution of microelements as proposed by Balch and Wolfe,
1976, and Balch, 1979, was added to give final concentrations of: C6H9N06
(titriplex I) 0.0015%, MnS04 x H2O 0.0005%, Ni(NH4)2(S04)2 0.0002%, FeS04
x 7H2O 0.0001%, CoCl2 x 6H2O 0.0001%, ZnS04 x 7H2O 0.0001%, CUS04 x
5H2O 0.0001%, KAl(S04)2 x 12H2O 0.00001%, Na2Mo04 x 2H2O 0.00001%,
Na2W04 x 2H2O 0.00001%, Na2Se03 x 5H2O 0.00001%, KI 0.000005%.

Preparation of assay medium

Powdered BIOPOLTM (“Bottle formulation") (1.00 g) or powdered PHB
homopolymer (1.00 g) was suspended in 100 ml of seawater, sonicated for 10
min (Bandelin Sonorex RK 106 S) and autoclaved separately. After sonication
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for another 10 min, the opaque suspension was added aseptically to 900 ml of
hot sterile medium, which was then sonicated for another 10 min, agitated,
cooled down to 50°C and poured into sterile Petri plates or test tubes, which
resulted in a fine and evenly distributed turbidity caused by the PHA.

During autoclaving of the media, precipitates of mineral salts occurred,
which somehow interfered with the readability of the clearing reaction in
plates, whereas no interference occurred in test tubes where the precipitate was
settled at the bottom. To prevent the sedimentation of the fine PHA particles
during solidification of the media, test tubes were cooled quickly in a cold
water bath.

For preliminary experiments BIOPOLTM in granulated form or strips of
BIOPOLTM shampoo bottles (Wella, Germany), were also used for media with
the following modifications: 1% solution of BIOPOLTM in hot chloroform was
converted to a 1% ethanol solution by adding 150 ml of 96% ethanol and boi-
led until the volume was reduced to 100 ml. Similarly, carefully adding hot
distilled water and reducing the volume by boiling, 100 ml of a non-homoge-
nous aqueous solution of BIOPOLTM was obtained. This was then homoge-
nized by sonication as described above.

Granulated BIOPOLTM (Imperial Chemical Industries = ICI, England, lot
MBL 100/1320) and powdered BIOPOLTM (PHB-co-HV) copolymer with ap-
proximately 8% PHV, 9% triacetin, 3% titanium dioxide, and 1% boron ni-
tride) were kindly supplied by ICI, England.

Biological material

134 pure strains of marine fungi or marine fungal isolates (Culture col-
lection Botanical Institute, University of Regensburg), belonging to different
systematical and ecological groups (Tab. 1) were used for testing the three
basic media. The halotolerant strain Penicillium simplicissimum (IMI 300465)
was used as reference strain for its known high PHB-degrading activity (M c -
L e l l a n and H a l l i n g, 1988; M a t a v u l j and M o l i t o r i s, 1992a, b).

Cultivation

The fungal strains were cultured on GPY agar at 22°C. Approximately 3
x 3 mm squares from the actively growing area of the agar plates were used as
inoculum. Yeasts were transferred by an inoculation loop. All cultures (Petri
plates, 9 cm diameter and screw-capped test tubes, 20 x 100 mm) were incu-
bated at 22°C and approximately 65% relative humidity with a diurnal perio-
dicity of 12 hours light and 12 hours darkness.

Evaluation of degradative activity

The fungal ability to degrade BIOPOLTM and to depolymerize pure PHB
homopolymer was determined by recording the diameter in mm of clear
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formed in the turbid medium in agar plates or the depth of clearing in mm of
the opaque media in test tubes at daily (first week), or weekly intervals up to
9 weeks.

Tab. 1 — Systematic and ecophysiological affiliation of the marine fungi investigated, and their
capability to degrade BIOPOLTM, pure PHB, and triacetin.

Systematic
affiliation

Ecophysiological
affiliation

Number (percentage) of
Degrading strains

Tax. Str. Spec. Gen. OM FM MI NI BP BP% PHB PHB% TA TA%

D 65 43 29 0 15 17 33 4 6.2 5 7.7 60 92.3
Dy 16 10 4 0 15 1 0 0 0.0 1 6.2 16 100
A 46 33 23 0 6 5 35 2 4.4 2 4.4 43 93.4
Ay 6 1 1 0 6 0 0 2 33.3 2 33.3 6 100
B 23 9 3 5 3 0 15 0 0.0 1 4.3 21 91.3
By 10 8 2 5 3 2 0 0 0.0 0 0.0 10 100

T 134 85 55 5 24 22 83 6 4.5 8 6.0 124 92.5
Ty 32 19 7 5 24 3 0 2 6.3 2 6.3 32 100

Legend:
D = Deuteromycotina, Dy = asporogenous yeast; A = Ascomycotina, Ay = ascomycetous yeast,
B = Basidiomycotina, By = basidiomycetous yeast, T total fungi investigated, Ty = total yeeasts
investigated; OM = obligate marine, FM = facultative marine, MI = marine isolates, NI = no in-
formation available; BP = BIOPOLTM, PHB = poly-b-hydroxybutyrate, TA = triacetin. Numbers
of strains (Str.), species (Spec.), and genera (Gen.) given for the yeasts investigated (Dy, Ay, By)
are included in the respective total numbers given for the Deuteromycotina (D), Ascomycotina
(A) and Basidiomycotina (B).

RESULTS AND DISCUSSION

All fungal strains grew on all three tested media. Fungal PHA degrada-
tion rate, however, differed depending on the medium and the PHA carbon
source used (Fig. 1). All marine isolates showing degradative activity under
the experimental conditions applied, exhibited the highest rates of BIOPOLTM-
-degrading activity if grown on MPY medium (Fig. lA, B, D, E, F, G) except
for Gliomastix sp. where this medium resulted in lower activity (Fig. 1C).

None of the active strains of the yeast Debaryomyces hansenii, showed
PHA degrading activity when grown on GPY medium with 1% glucose (Fig.
1E, 1F), even after 65 days of incubation. Debaryomyces hansenii M-111 and
Fusarium merismoides M-46 degraded BIOPOLTM only when it was offered as
the sole source of carbon in MPY medium. Clearing activity was not apparent
for 10 days in the former instance (Fig. 1G) or 40 days in the latter (Fig. 1E).

It may be noted that generally PHA breakdown decreased with increasing
concentrations of glucose in the medium (e.g. Fig. 2D). It appears that glu-
cose, which is metabolized earlier or more easily, inhibits breakdown of the
PHAs investigated. This is in agreement with the work of J e n d r o s s e k et
al., 1992, on bacteria, who reported an inhibition of PHB depolymerase for-
mation when other organic substrates in addition to PHB were added to the
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medium. In both cases this may be explained as a repression of depolymerase
synthesis or secretion.

For all further investigations, MPY medium with 0.1% of BIOPOLTM was
chosen for the following reasons: a) it supported the growth of all fungi tested,
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Fig. 1 — Fungal degradation of BIOPOLTM (mm clearing of turbid medium in test tubes)
in different media (GPY = triangles, rGPY = squares, mPY = circles). Fig. 1A: Penicillium
simplicissimuum as terrestrial reference strain. Fig. 1B to 1G: six marine isolates. Fig. 1H:

Mean values of all seven active strains tested. Incubation period 65 days.



b) most of the active fungi showed the highest rate of BIOPOLTM degradation
on MPY medium, c) some of the fungal strains tested expressed BIOPOLTM —
degrading activity only on MPY medium.

In order to test all strains for their ability to degrade the individual orga-
nic components of BIOPOLTM (“bottle formulation"), two of its components,
the pure PHB homopolymer or triacetin (9% triacetin in commercial BIO-
POLTM), (P ü c h n e r, 1988) were offered as the main source of carbon in
another series of experiments.

Figure 2 shows the typical BIOPOLTM degradation pattern as a clearing
zone around the fungal colony in agar plates (Fig. 2a, 2b) and in test tubes
(Fig. 2c). When BIOPOLTM was used as a PHA substrate, agar medium clea-
ring was incomplete and the borderline of the clearing area was less defined.
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Fig. 2 — Fungal degradation of
poly-b-hydroxyalkanoates in clearing tests.
Fusarium merismoides. Agar plates with
BIOPOLTM (A) and with PHB (B); Clearing
tests in test tubes (C) with PHB (left) and
with BIOPOLTM (right). Incubation period
30 days.



However, pure PHB homopolymer was offered, however, a characteristic and
sharp border of the clearing zone could be observed.

In our work on PHA degradation by terrestrial fungi (M a t a v u l j and
M o l i t o r i s, 1992a) we recommended usage of test tubes instead of Petri
plates for the PHA clearing test because the clearing reaction on Petri plates
may be concealed by the growing mycelium, particularly in the case of
working with fast-growing strains. The same applies to marine fungi. Since
BIOPOLTM contains several components including PHB and PHV as a hetero-
polymer (79% PHB, 8% PHV, 9% triacetin, 3% titanium dioxide, 1% boron
nitride), it is important to know whether there are differences between a me-
dium containing the PHA and the pure PHB homopolymer for the purpose of
specifying depolymerase activity.

When pure PHB was included as substrate in MPY medium, the medium
was turbid and after incubation with active strains two types of reaction occur-
red: a) no clearing at all (no PHB degradation), b) complete clearing (PHB de-
gradation). When triacetin was included in the MPY medium, the medium ap-
peared to be only slightly turbid. After incubation with fungal strains the
growth occurred in all cases, and in almost all cases the slight turbidity disap-
peared as well, which was considered as an indication of breakdown of this
substance.

When BIOPOLTM was included in the MPY medium, which resulted in a
turbid medium, 3 types of reaction occurred after growth of fungal strains:
a) no clearing at all, b) a slight turbidity left, c) total clearing. Based on the
above mentioned results, our interpretation is that in case a) no depolymeri-
zation activity towards PHB and PHV is present, in case b) only the PHB
moiety and triacetin are depolymerized, in case c) PHB, PHV and triacetin are
depolymerized. Final proof, however, must result from the experiments using
pure PHV, which was not available to us.

The results of testing 134 marine fungal isolates for the degradation of
BIOPOLTM, PHB homopolymer and triacetin are summarized in Table 1. Out
of total 134 strains tested, belonging to 85 species and 55 genera of different
systematical and ecological groups, only 6 strains (4.5%) were able to degrade
BIOPOLTM, 8 strains (6.0%) depolymerize PHB homopolymer, and 124 strains
(92.5%) were able to use triacetin as the sole carbon source. This is in sharp
contrast to our results with terrestrial fungi where about 55% are able to de-
grade BIOPOLTM, and about 68% depolymerize PHB homopolymer. Triacetin
was also degraded by more than 90% of the terrestrial fungi tested. The easy
degradability of triacetin could be an important initial step in the destruction
of this plastic material in nature, especially under oligotrophic marine condi-
tions (M a t a v u l j and M o l i t o r i s, 1992a).

Recent work on bacterial degradation of PHAs by J e n d r o s s e k et al.
(1992) shows that only about 10% of the aerobic PHB-utilizing bacteria were
also able to degrade pure PHV homopolymer. Furthermore, D o i et al. (1990)
report that the rate of polyester degradation (followed as film erosion) by extra-
cellular PHA-depolymerase, purified from the bacterium Alcaligenes eutro-
phus, was strongly dependent on the composition of the polyester. They ob-
served that the presence of 3-hydroxyvalerate units significantly retarded the
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degradation of the polyester, in comparison with the rate of pure PHB de-
gradation.

Another important question was whether the PHA-degrading activity shows
any correlation with the systematic or ecologic groups of fungi investigated.
Owing to the low number of active strains in marine fungi, it is difficult to
obtain statistically significant correlations. However, from Tables I and II, it
can be seen that the degrading activities are not evenly distributed among the
different groups of marine fungi investigated. Table II seems to indicate that
the PHA-degrading activity in marine fungi is higher among the Deuteromy-
cotina (BIOPOLTM — 6,15%, PHB — 7.69%) than in other groups.

Observing the distribution of the PHA-degrading activity among several
members of a given genus, or a given species, one can see from table II that
out of five strains of Asteromyces cruciatus investigated, only strain M-1
showed the ability to degrade both BIOPOLTM and PHB. Out of 9 strains of
the genus Candida, only one strain of Candida guillermondii (M-122)-de-
polymerized PHB. The yeast Debaryomyces hansenii was represented in our
screening by 6 strains, of which only two showed the ability to degrade both
PHAs. The investigation of 23 Basidiomycotina representing 3 genera and 9
species, showed that only one strain of Nia vibrissa (M-167) was able to
depolymerize PHB.

CONCLUSION

The data shown indicate that the ability to degrade PHAs is not wide re-
presented in marine fungi. This is in contrast to the results obtained from the
investigation of terrestrial fungi. Moreover, our data give no indication that
this property is a taxonomic characteristics of certain species or genera of ma-
rine fungi, nor that it is a property of certain ecological groups. It rather seems
to be a physiological property of individual “physiological strains" of marine
fungi.
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Rezime

Tragawe za biosintetiåkim i biodegradabilnim plastiånim materijalima
je aktuelan zadatak nauånika iz razloga oåuvawa neobnovqivih resursa i smawe-
wa globalnog zagaðivawa. Nedavno su naðeni takvi materijali, u vidu termo-
plastiånih poli-3-hidroksialkanoata (PHA), koje sintetišu bakterije i nago-
milavaju kao rezerve energije i ugqenika. Najåešãe sintetizovani PHA su po-
li-b-hidroksibutirat (PHB), poli-b-hidroksivalerat (PHV) i wihovi kopoli-
meri. Oni se danas komercijalno proizvode i koriste u obliku biopola (BIO-
POLTM, ICI, England) i veã je eksperimentalno pokazana wihova potpuna raz-
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gradqivost od strane bakterija. Pošto morske i brakiåne vode danas sluÿe kao
glavne deponije otpada, i pošto su gqive vaÿan deo populacije razlagaåa, da bi
se dokazalo wihovo uåešãe u procesima razgradwe PHA trebalo je razraditi
jednostavan test za tu aktivnost gqiva u marinskim uslovima. Komponovano je
nekoliko agarizovanih veštaåkih podloga na bazi veštaåke morske vode, koje su
se meðusobno razlikovale u sadrÿaju organskog supstrata nealkanoatnog pore-
kla. Sve su sadrÿale 0,1% PHA (ili BIOPOLTM) kao glavni izvor ugqenika. Te-
stirawe aktivnosti gqiva zasnivalo se na wihovoj sposobnosti da pomoãu en-
zima depolimeraza prosvetqavaju åvrstu podlogu koja je bila zamuãena fino
dispergovanim granulama PHA u petri ploåama ili test epruvetama.

Testirane gqive su uspešno rasle na svim korišãenim podlogama. Za ko-
naåni test prosvetqavawa podloge izabrana je mineralna podloga sa 0,01% pep-
tona, 0,01 kvašåevog ekstrakta i 0,1% PHB ili BIOPOL-a. Ovaj metod omoguãa-
va ispitivawe razgradqivosti plastiånih materijala proizvedenih na bazi
PHA, kao i skrining svojstva izolata gqiva da depolimerizuju åiste PHA ho-
mopolimere. Korišãewem ove podloge testirana je sposobnost razgradwe PHA
kod 32 soja marinskih kvasaca i 102 soja marinskih micelijalnih gqiva koje su
pripadale razliåitim sistematskim i ekološkim grupama. Rezultati pokazuju
da su samo 4% od sva 134 soja ispitivanih gqiva bile sposobne da razgraðuju
BIOPOL, a oko 6% da depolimerizuju åist PHB. Dobijeni rezultati su u suprot-
nosti sa našim prethodnim rezultatima ispitivawa 143 soja terestriånih
gqiva od kojih je preko 55% pokazalo sposobnost razgradwe BIOPOL-a.
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CHRONIC CANDIDIASIS — PATHOGENESIS,
SYMPTOMS, DIAGNOSIS AND TREATMENT

ABSTRACT: The yeast named Candida normally colonises the gut and vagina
without causing any sign of its presens. It is a commensal and opportunic fungus but in cer-
tain conditions it turns to be pathogenic, causing chronic disturbances in any part of the
body. The pathogenesis is complex, signs and symptoms are non-specific. The colonisation
is difficult to distinguish from invasive disease. The current diagnostic methods do not
always allow a definitive diagnosis to be made. Treatment is complex, individual and no
protocol can be created. The author tries to give an overview of the Candida related pro-
blem.

KEY WORDS: Candida, chronic Candidiasis, yeast infection,

INTRODUCTION

This presentation deals with the pathogenesis, symptoms, diagnosis and
treatment of chronic candidiasis. It is based on the author's over thirty years
long experience and it is supplemented with data from the bibliography. In or-
der to put the problem into historical perspective, a short chronological survey
about the perception of pathogens and the body's milieu comes next.

Louis Pasteur (1822—1895), chemist and microbiologist, linked different
infectious diseases to different pathogens. He believed that these infectious or-
ganisms were the most important etiologic factors and nothing else was need-
ed for a disease to develop. He discovered that penicillin had antibiotic effect
against many bacteria. At the same time Claude Bernard (1813—1878), phy-
siologist, discovered the importance of the body's internal environment, and
taught that all the components of the blood must be in balance, if not, the pa-
thogens could cause infection. To maintain the homeostasis means to stay
healthy and to be protected from the pathogens. These two different appro-
aches to the infectious diseases were the root cause of their disagreement. At
the end of his life, Pasteur recognized that Bernard had been right, saying:
“The pathogen is nothing, the terrain is everything." Elie Metchnikoff (1845—
1916) biologist, microbiologist and pathologist, studied the body's bowel flora
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and found out that there was an antagonism between Lactobacillus acidophilus
and bacteria causing putrefaction. He believed that the products of putrefaction
were absorbed and intoxicated the body causing early aging. To prevent this
process, he recommended increased intake of yogurt, containing a lot of living
friendly bacteria. He discovered the white blood cells and their role in protec-
ting the body from infection. He believed, as Bernard, that the correct way to
deal with infectious diseases was the enhancement of the body's own defenses.

These were the data from the 19th century. What happened in the 20th?
The influence of Louis Pasteur was dominant. Discovering and using

antibiotics of broad spectrum and thanks to the vaccinations, a lot of infectious
diseases were eradicated and many lives were saved. But what is the side ef-
fect of this success? The overgrowth of fungus and bacteria resistant to anti-
biotics. As the medical treatments are getting more and more aggressive (not
only antibiotics, but hormones, immunosuppressive- and chemotherapy), des-
troying the body's own already weakened defenses by the western life style,
we must face up to the serious upcoming problems. As quoted often in the
bibliography, the presence of fungal infection among the patients in the inten-
sive care units often causes death of immunocompromised patients. These fun-
gal infections are iatrogenic, so should be prevented in a proper way. The con-
ventional western medicine most often uses symptomatic therapy — for in-
fection antibiotics, for pain painkillers, for inflammation anti-inflammation
drugs, etc. Researchers in conventional medicine try to develop more efficient
and aggressive drugs against the resistant pathogens. On the contrary, doctors
who are familiar with complementary medicine try to find out the cause of the
imbalance and help the body to build up the weaken defenses. Restoring the
homeostasis, the body will cure itself. The WHO in 1996 emphasized the
significance of integrative medicine for the 21st century. Now it is time to
change the paradigm of Pasteurian approach to the infection, and investigate
the patient's status in a holistic way.

The present western way of life (unhealthy diet, harmful influence of the
environment, lot of stress, etc.) leads to the long term imbalance of the homeo-
stasis. In such a case Candida may overgrow, causing with its metabolic pro-
ducts — mycotoxins — disturbances in different organs all over the body, and
the patient “feels sick all over". The symptoms come from the local Candida
overgrowth in the gastrointestinal tract, vagina or urinary bladder and from the
damages of different organs. As the symptoms do not relate to any well des-
cribed disease, the patients are considered to be psychosomatic — their health
problems are related to their brain. Moreover, many doctors consider the Can-
dida related problems as a fad.

Dr. Orion Truss, a specialist in internal medicine and allergy, published
the “The Missing Diagnosis" in 1983. He was the first to describe the concept
of chronic Candidiasis based on his twenty years clinical experience.

At the same time Dr. William G. Crook published his own experience in
the book “The Yeast Connection". Their works were considered as pseudo-
-scientific for lacking double-blind and placebo-controlled clinical trials. The
author of this article had more then thirty years clinical experience which con-
firms that Truss and Crook were right.
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“The Mycotoxin Blue Book" lists disorders that mycotoxins cause in ani-
mals when feed is infected with fungi. It is interesting that the symptoms in
these animals are the same or very similar to those experienced in people suf-
fering from Candida overgrowth. Adding 'Mycosorb' to the infected feed pre-
vents the intoxication of the animals by adsorbing the mycotoxins. These are
objective data and not a whim. The existence of Candida related problems are
denied by those not up-to-date on recent medical, microbiological, biochemical
literature.

PATHOGENESIS

For most of the patients the chronic candidiasis is iatrogenic in origin,
and the western lifestyle also leads to the imbalance of friendly bacteria, Can-
dida and host immune system interactions. The compromised immune system
or lack of friendly bacteria may lead to Candida overgrowth in the gut or va-
gina causing local symptoms and functional disorders in other organs — the
benign round yeast form of Candida converts into invasive budding mycelial
form. However, Candida can cause functional disorders without causing a
classical local infection, but so called dysbiosis or “silent infection" of the gut
or vagina. In this case the symptoms are due to the absorbed metabolic pro-
ducts called mycotoxins produced by Candida and chronically released into
the bloodstream.

Candida produces certain molecules which interfere with normal human
cellular metabolism, such as alcohol, acetaldehyde, ammonia and uric acid.
Candida also externalizes a protein-digesting enzyme (proteinase) which lyses
secretory IgA of the mucosa and humoral immunoglobulins, keratin and colla-
gen as well. Proteinase also destructs the microvilli of intestine and leads to
lack of mucosal digestive enzymes causing maldigestion and malabsorption.
The damage of the intestinal mucosa results in leaky gut (increased permea-
bility of the intestine) with increased absorption of debris (large undigested
food particles, bacterial and yeast components and various toxic chemicals)
from the gut and in overstimulation of the immune system (polyclonal T- and
B-lymphocyte activation and production of excessive levels of cytokines and
other inflammatory effectors) that may lead to several systemic inflammatory
disorders, allergy and autoimmune diseases. Gliotoxin produced by Candida
suppresses human immune function. The combination of mucosal damage,
destruction of IgA and humoral immunoglobulins and immunosuppression,
allows the ongoing chronic infection caused by other microbes.

CLINICAL PICTURE

As the pathogenesis is very complex, the patients may have very different
symptoms depending on which organs are involved. Any organ seems su-
sceptible to the effect of yeast products released to the blood stream. Symp-
toms change in intensity and complexity at different times in an illness, just as
they vary in different individuals with the same illness. The clinical picture
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will not be identical in every patient, or in the same one at different stage of
the illness. The same variety of symptoms allows this condition to masquerade
under a number of different diagnoses. This is the reason why the patients are
usually misunderstood, sent to psychiatric consultation but the tried psychiatric
treatments are futile.

The symptoms can be limited at the site of infection of the intestinal
tract, vagina, or urinary bladder. Other symptoms are caused by the candida
products released to the blood stream, or have allergic origin. Almost every
organ is capable of allergic or toxic response, resulting in clinical manifesta-
tions as varied as the combinations of affected tissues. But, it is difficult to
prove which symptoms come from allergic or toxic reaction. To make the pro-
blem even more complex, most of the patients have at the same time symp-
toms of maldigestion and nutrition deficiency, or some other illness not related
to Candida. All these circumstances render the Candida syndrome confused.
The following symptoms can be experienced:

Local symptoms of the intestinal tract: coated tongue, oedema of the ton-
gue, oral thrush, heartburn, abdominal discomfort or pain, distension, bloat-
ing (with or without odor), constipation, diarrhea, mucus in the stool, rectal
itching.

Local symptoms of the vagina: yoghurt like discharge with itching.
Local symptoms of urinary bladder: distension and bloating of empty

bladder, urgency, burning and frequency of urination.
Other symptoms of allergic or toxic origin to mention but a few:
Nervous system: headache, depression, uncontrollable crying, anxiety,

loss of memory and concentrating ability, sleeping disorder, sleepiness during
the day, lethargy, fatigue, lack of energy, drinkless drunkenness.

Skin: hair loss, dry skin, itching, urticaria, dermographism, eczema.
Respiratory system: cough asthma.
Cardiovascular system: palpitation, instable blood tension, cold arms and

legs.
Immunsystem: recurrent or chronic bacterial or virus infections.
Locomotor system: joint swelling and stiffness, muscle pain.
Endocrine system: hypoglicaemia, need to eat often, abnormal craving for

sweets, overweight, feeling better after eating sweets but immediately bloating,
reduced or lack of sexual desire, menstrual problems.

Other symptoms: food and chemical intolerance.

DIAGNOSTIC PROCEDURE

To prove the connection between the symptoms and candida is not easy,
because presently available diagnostic methods are imperfect. The results
should be always considered individually in relation to the clinical picture.

Many published studies have shown in everyone's blood the presence of
candida antibodies (IgM, IgG) which can be measured, as Candida is normally
present in the body. That is why the early skin prick test is normally positive
to Candida. By the early age of six months almost 90% of the babies have po-
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sitive early skin test to Candida. This is the result of a good humoral immune
function. When the immune system is weakened (it can be also caused by
Candida products), and the level of antibodies against candida is very low or
absent in the blood stream, the positive early skin test turns to negative. But,
antibodies are not actively involved in protecting the body against the yeast.
The cellular immunity is responsible normally to eliminate Candida from the
tissues, so the late skin test to Candida is positive normally. But, in the case
of candidiasis, the late skin prick test to Candida is negative showing the im-
paired cellular immune function. Successful anti-Candida treatment and stimu-
lation of the cellular immunity will turn the negative late skin test to positive.

Cultures for Candida obtained from mouth, stool or vagina can be nor-
mally positive, but negative ones do not rule out the diagnosis of chronic can-
didiasis, just show the absence of Candida in those samples.

The level of blood sugar can be low — hypoglycemia. The level of alco-
hol, transaminases of the liver, uric acid, and cholesterol can be high.

Some diagnostic methods used by complementary medicine can be added
as bio-resonance, kinesiology, dark field microscopic blood analysis, etc.

Sometimes, the successful anticandida “ex juvantibus" treatment of the
disease of “unknown etiology", will confirm the fungal connection.

TREATMENT

Treatment will be discussed in a general way as it is very complex and
should be individually formed. The first aim is to discover the causes of the
homeostasis imbalance and eliminate them. Then, the following should be con-
sidered parallely: to stimulate the immune system, to support the detoxification
of the body, to kill and eliminate the dead Candida, and to substitute the nutri-
tion deficiency. Often, the treatment takes time, sometimes several months or
years. In most of the cases the combination of antifungal drugs with the treat-
ment methods of the complementary medicine is recommended or required.
Long term changes in lifestyle are required.

PREVENTION

For everyone, who has suffered from Candida infection or not yet, it is
recommended to take more attention to the conditions leading to dysbiosis or
Candida overgrowth and avoid them as much as possible. Try to maintain
good health condition, the homeostasis of the body. For medical doctors it is
advisable to think about the possibility of Candida infection as a side effect
of some therapy (antibiotic, corticosteroids, birth control pills, immunosup-
pressive therapy, chemotherapy, etc) and as a cause of health problem, before
sending the patient to psychiatrist. Holistic approach to every patient should be
followed.

The author's case studies:

271



1. Case of seronegative polyarthritis: 60 years male was diagnosed as
seronegative polyartritis, but he has never believed in his diagnosis. He kept
trying to find out the cause of his disease. One day the vet prescribed for his
very old dog an antibiotic for pneumonia, recommending to supplement it with
antifungal drug in order to prevent fungal infection for the case of survival.
The dog died, leaving behind the drugs. The master decided to take the anti-
fungal ketokonazole. After a week of treatment he felt better, the bloating in
the bowel and the diarrhea disappeared, the movements in his joints improved,
the painful swelling of them almost disappeared. He asked his doctor to pres-
cribe him more ketokonazole but the latter resisted saying: It isn't a protocol
to treat the polyarthritis with ketokonazole.

2. Case of chronic urticaria: thirty years female was suffering of chronic
urticaria for several years. All results of the investigations were negative
except the bile — Candida albicans was cultured, but no doctor took it
seriously. Several days after the beginning of anticandida regime urticaria
disappeared. She was free of it for five years. Then she got antibiotics for
tooth inflammation for a period of five days. She took no attention to the diet,
did not take antifungal drugs and friendly bacteria. After three weeks urticaria
returned.

3. Case of vitiligo, chronic urticaria and acute asthmatic attack: twenty
six years old male had vitiligo since he was 15. It began after a stress. Later
every stress expanded the vitiligo. At the age of 25 urticaria appeared and re-
mained chronic. One year later an asthmatic attack led him to the doctor who
gave him steroids but without effects. His tongue was coated with Candida.
Bioresonance testing showed a severe allergy to Candida. After the beginning
of anticandida regime urticaria disappeared, together with the asthmatic attacks
and the vitiligo began slowly to decrease.

4. Case of chronic alcoholism without alcohol consumption: fifty years
old female was suffering for years of the symptoms of chronic alcoholism but
never drank. Several times she needed hospitalization. Every time the level of
blood alcohol was high, as the liver enzymes. The doctors did not clear up.
Only the bioresonance testing showed allergy to Candida. The anticandida re-
gime was successful. After six months no alcohol was detected in the blood.
She feels healthy for more than two years.

5. Case of cirrhosis hepatis: fifty-eight years old female was hospitalized
for haematemesis — vomiting fresh blood. The diagnosis was decompensation
of cirrhosis hepatis and bleeding from the oesophageal varices. Candida albi-
cans was cultured from her tongue. Two months of antifungal treatment com-
pensated her — ascites and swelling of legs disappeared, liver enzymes turned
to normal, but the varices of the oesophagus remained. She felt healthy. After
three months she died after a severe bleeding from the varices but with normal
liver function.

In all of these five cases the role of Candida was unrecognized by the
doctors of conventional medicine. But these cases do not mean that every
polyarthritis, urticaria or chirrosis hepatis are related to Candida, but this
possibility should be considered.
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CONCLUSION

Candida is a commensal saprophyte fungus, but turns to pathogenic by
changes in the internal balance of the body. So, fungal problems are secondary
to other primary imbalances related to the general health of the immune
system. It is difficult to diagnose the Candida overgrowth, in lack of unequi-
vocal objective tests to verify its existence and the relation between the Can-
dida and the symptoms. Laboratory results may be Candida positive, but it
does not mean that the health problem is related to Candida overgrowth;
neither can negative results exclude it. Therefore, one should start out with a
high index of suspicion in making diagnosis of fungal infection. No treatment
protocol can be established; healing must be individual, sometimes lasts quite
long and may require lifestyle changes. Treating only the fungal infection may
help relieve some of the symptoms, but the persistence of underlying im-
balance will allow the condition to be chronic. The recovery of the immune
defense system's function is the first aim. To kill Candida is not sufficient.
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HRONIÅNA KANDIDIJAZA — PATOGENEZA,
SIMPTOMATOLOGIJA, DIJAGNOSTIKA I TERAPIJA

Marija Klajn Laslo

Klajn i Klajn Bt. 1136 Budimpešta, Raul Valenberg 12, Maðarska

Rezime

Kvasna gqivica zvana kandida normalno kolonizira probavni trakt i va-
ginu, ne dajuãi nikakve znake svog prisustva. Ona je komensalna i oportuni-
stiåka gqivica, koja se pod odreðenim uslovima moÿe preobraziti u patogenu,
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uzrokujuãi hroniåne poremeãaje u funkciji razliåitih organa. Patogeneza je
kompleksna, a znaci poremeãaja su nespecifiåni. Teško je odrediti granicu
izmeðu normalnog stawa kolonizacije i patološkog stawa invazije. Danas po-
stojeãe dijagnostiåke metode nisu uvek u stawu da potvrde dijagnozu hroniåne
kandidijaze. Ne postoji jedinstveni protokol leåewa jer je ono kompleksno i
individualno za svakog pacijenta. Autor rada prikazuje problematiku vezanu za
hroniånu kandidijazu.
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DERMATOMYCOSIS — A POTENTIAL SOURCE
OF ZOONOTIC INFECTION IN CITIES

ABSTRACT: Skin infections in animals and humans represent a complex syndrome
that is, from etiological point of view, often hard to solve. Skin is one of the largest organs
and plays an important role in the organism of mammals. Depending on the age, it presents
5—8% of total body mass in humans, 12% of adult animals, and even up to 24% in newly
born animals.

The population of pets and stray dogs in cities provides a possibility for contacts
between animals and/or humans, which is a mode of transmission for some diseases. Fungal
diseases in dogs caused by dermatophyte are zoonosis, contagious infections that affect
dogs and cats, but also other animals, as well as humans. There has been an overall in-
crease in the number of the cases caused by anthropophilic fungi from the strain of Micro-
sporum spp. and Trichophyton spp.

Our research was related to animals with different changes on skin manifested by
hairless surfaces, dandruff, red skin and extensive pruritus. The objective of our exami-
nation was the analyses of scarified samples and swob from canine skin with the aim to de-
termine whether the changes were caused by dermatophytosis. Our aim was to point out the
possibility of transmission of mycotic infections from animals to humans in households.

For this mycological examination swobs and skin scarifications from dogs, were used.
The samples were streaked on Sabo and dextrose agar and incubated at 25°C for at least 21
days. In one year period 81 samples were collected out of which 11 (13.58%) were positive
for dermatophyte. In all samples Microsporum canis was isolated.

The findings of Microsporum canis in 13.58% of the examined samples indicate the
importance of mycological skin disorder in pets. Having in mind that this is a zoonosis, the
findings point to a possibility of exposing the humans to fungal infection, affecting almost
all pet owners, especially in urban environment.

KEY WORDS: dermatophytes, dogs, zoonosis, city

INTRODUCTION

Humans have moved to cities from smaller settlements, where life style
was closely connected to nature. However, in the cities nature is preserved
only in a form of small green areas, parks or gardens. Human need for nature
is obvious, so there is a constant striving to maintain some parts of nature in
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the surrounding. Part of this is the practice of co-habiting with different pets.
It is questionable whether the owners are informed about the unwanted conse-
quences of keeping the animals in their households. Urban environment has
specific characteristics when speaking about raising the pets: households are
not large, what gives a possibility for closer interaction between humans and
animals; they spend more time together than when living in natural environ-
ment. The potential for human exposure to transmitting of different microorga-
nisms and parasites (L e f e b v r e a et al., 2006) from animals is very high
and vice versa.

Over 300 species of fungi have been reported to be animal pathogens
(O u t e r b r i d g e, Catherine A., 2006). Actual mycological pathogens of skin
can be divided based on what layers of the skin they infect: surface layer —
cutis, hair coat or claws. Superficial mycosis include dermatophytosis (pre-
dominantly Microsporum and Trichophiton species, but also Malassezia spp.
and Candida spp. and Trichosporon) (O u t e r b r i d g e, Catherine A., 2006,
P o p o v i ã, N., L a z a r e v i ã, M., 1999). Subcutaneous and deep systemic
mycosis will not be reviewed in this paper. Cutaneous tissue may be infected
when fungal organisms contaminate or colonise epidermal surface or hair fol-
licles. When the integrity of skin barrier is disrupted, than the host is disposed
to the infection. Canine and feline skin and hair coats can be transiently conta-
minated with a large variety of saprophytic fungi from the environment and
some of them can cause opportunistic infections (S t o j a n o v et al., 2007,
O u t e r b r i d g e, Catherine A., 2006).

Based on the experiences and data from literature, the objective of our re-
search was to examine scarification and swabs from changed skin, with the
aim to point out a possibility of transferring fungi infection from animals on
humans in specific urban conditions of pets co-habitation.

MATERIAL AND METHODS

Our research was done on dogs with different skin infections. Clinical
findings were not specific, and the etiology of a disease could not be deter-
mined. Effective therapy could not be applied. The findings differed in the
intensity and type of changes that were manifested as more or less pronounced
hair loss (sometimes even more than 50% of body). The signs of dandruff or
seborrhea were visible and separated from deeper layers of cutis. The skin was
reddish, with purulent pustules and expressed pruritus. In one year period there
were 81 samples collected. Swob and scarifications of dog skin (C a b a n e s,
F. J. et al., 1996) brought to the laboratory were used for the determination of
the etiology of the disease. The samples were streaked on Saboraud dextrose
agar and incubated at 25°C for 10 to 21 days. The colonies were identified ac-
cording to their shape and colour, and the classification was done according to
their conidia, macroconidia and conidiophores (Q u i n n, J. P. et al., 2002).
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RESULTS AND DISCUSSIONS

From the total 81 of samples, there were 11 (13.58%) samples positive
on the presence of dermatophyte. Beside the fungal organisms that are the cau-
sal agent of superficial mycosis, the presence of a large number of different
saprophyte fungi was determined originating from the environment, but not
dermatophyte. They were present in more than 90%, i.e. in 74 samples (91.35%)
isolated in single or mixed microflora nondermatophyte fungi. The results are
displayed in Table 1.

Tab. 1 — The results of the examination of swabs and skin scarifications

Isolate Number of the samples Number of positive findings (%)

Mycrosporum spp. 81 11 (13.58%)
Trichophyton spp. 81 Not isolated
Saprophytic fungi 81 74 (91.35%)

The most important dermatophyte that cause the infections of skin are
those that belong to keratophyl Microsporum, Trichophyton and Epidermo-
phyton spp. The mentioned dermatophyte were divided in 3 or 4 groups de-
pending on the natural environment where they can be found. In Table 2 the
most important kinds of dermatophyte depending on their natural environment
are displayed (O u t e r b r i d g e, Catherine A., 2006, C h a b a s s e a, D., P i -
h e t a, M., 2008).

Tab. 2 — Most important dermatophyte kinds, depending on their habitat and host

Habitat of dermatophyte Dermatophyte Host

Zoophilic dermatophyte Microsporum canis Dogs and cats

Geophilic dermatophyte Microsporum gypseum
Trichophyton mentagrophytes

Soil

Sylvatic (forest) dermatophyte
(specially adapted zoophil
dermatophyte)

Trichophyton mentagrophytes
Trichophyton erinacei
Trichophyton persicolor

Rodents and
hedgehogs

Anthrophilic dermatophyte Trichophyton tonsurans
Epidermofyton floccosum

Humans
(dogs and cats)

In this study, the presence of only one dermatophyte of Microsporum
(Microsporum canis) was detected. No fungi from Trichopyton were cultured.
According to the data in literature Microsporum canis is responsible for 97—
100% of cutaneous mycosis in Italy (M a n c i a n t i et al., 2003).

Saprophyte fungi, i.e. fungi from the soil and the environment were iso-
lated in a high percentage (91.35%) and the most frequent were Aspergilus sp.,
Penicillium sp., Alternaria sp., Mucor sp. and Fusarium sp. Their presence
was determined in mixed and single flora in the material where dermatophyte
was not isolated, however, they were present, though in a smaller quantity, in
the materials that were positive on the presence of causal agents of dermato-
mycosis. The growth of saprophyte fungi was so abundant, that the precise
identification of dermatophyte colonies was often difficult.
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In our study only one kind of dermatophyte M. canis was isolated and
this finding corresponds to data reported by a group of authors (M a n c i a n t i
et al., 2008) who examined different kinds of therapy. It is important to stress
that these authors isolated M. canis from the surface of fur, i.e. from the skin
of many asymptomatic animals. The findings of dermatophyte on the skins of
dogs with no clinical symptoms were also reported by other authors (A t e s et
al., 2008) in 2.6% cases. However, in their examination the presence of zoo-
philic dermatophyte M. canis was not detected, but geophylic (M. gypseum)
and forest dermatophyte (Trichophyton mentagrophytes) were isolated. The
authors (I l k i t et al., 2007) in an area where dogs were analysed on the pre-
sence of dermatophyte, also analysed the etiology of dermatological infections
in children. It was reported that the changes on the skin, first of all on the
head, were caused by the infection with Microsporum canis. The results of
two aforementioned research point out that dogs can be the carriers of diffe-
rent dermatophyte, but are not a direct cause of dermatomycosis in the hu-
mans. Fungi superficial in the humans may be caused by geophylic, zoophilic
and antrophilic dermatophyte (Microsporum canis, Microsporum gypseum, Tri-
chophyton mentagrophytes, Trichophyton tonsurans etc.) (T o m s o n, Nevian-
na, S t e r l i n g, Jane C., 2007).

An overwhelming survey on different dermatophytes in pets is displayed
in the work of H o p p m a n n and B a r r o n (2007), where the presence of
dermatomycosis was studied in rodents. In the urban environment there are
many different exotic animals and one of them are the rodents. Mice, rats,
hamsters, gerbils, chinchilla and other animals are often kept as pets. They
may be symptomatic or asymptomatic carriers of different dermatophyte (M.
gypseum, T. mentagrophytes, M. canis). The owners of these pets are not often
aware of their exposure to these zoonosis, because clinical signs of dermato-
mycosis in the exotic animals is a consequence of stress, bad feed and immu-
nodeficiency.

There are authors (C h e n C h e n g - H s u et al., 2008) who explained
the risks of keeping pets in the urban environment and found a connection
between the skin infection of a patient and her dog pet. Before the clinical
symptoms were obvious, the patient with renal transplantation received immu-
no-suppressive agents. The causal agent of changes on skin was fungi M. canis
that was also found on her pet dog, which was however asymptomatic. The
author's opinion is that dermatomycosis would not have occurred if there was
not a disbalance of immune system caused by immunosuppressive agents. This
finding points to a continuous exposure to dermatophyte and risks in the cases
of co-habiting pets.

CONCLUSION

In our research dermatophyte was determined in 13.58% of samples. The
etiology of the disease pointed to these microorganisms, so the therapy could
be prescribed. One kind of fungi, from the genus of Microsporum (Micro-
sporum canis), was detected. Saprophyte fungi were isolated in a great num-
ber (91.35%) of samples which revealed contamination of fur and skin in
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dogs. However, the presence of dermatophyte may also be “hidden" under this
finding.

The presence of dermatophyte without symptoms points out the risk of
keeping pets in the urban conditions, where the humans are exposed to closer
contact with the animals than it is usual in nature. Therefore, it is important
that every pet owner should be acquainted with the risk of keeping pets.
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Rezime

Bolesti koÿe ÿivotiwa i qudi åine kompleksan sindrom koji etiološki
åesto nije jasan i koji iz tih razloga nije lako rešiti. Koÿa predstavqa jedan
od najveãih organa åije su mnogobrojne fiziološke funkcije vaÿne za organi-
zam sisara. U zavisnosti od starosne dobi wena masa se moÿe kretati od 5—8%
ukupne telesne mase kod qudi, do 12% kod odraslih ÿivotiwa i åak do 24% kod
novoroðene štenadi.

Prisustvo kuãnih qubimaca u gradskoj sredini kao i pasa lutalica, moÿe
doprineti veãem meðusobnom kontaktu ÿivotiwa i/ili qudi, åime se poveãava
verovatnoãa prenošewa nekih od bioloških faktora bolesti koÿe. Gqiviåna
oboqewa koÿe pasa uzrokovana dermatofitima je zoonozna, kontagiozna infek-
cija koja ugroÿava, pored pasa i maåke, druge ÿivotiwe ukquåujuãi i qude. Naj-
veãi broj mikoza pasa izazvan je gqivicama koje prouzrokuju Microsporum spp. i
Trichophyton spp.

Naše istraÿivawe je bilo vezano za pse koji su imali razliåite forme
promena na koÿi koje su se manifestovale pojavom obezdlaåenih površina, pe-
rutawem koÿe, crvenilom i izraÿenim pruritusom. Predmet ispitivawa je bi-
la mikološka analiza uzetih skarifikata i briseva sa promewenih mesta na
koÿi pasa sa ciqem da se utvrdi da li su nastale promene izazvane dermatofi-
tima i, ako jesu, o kojim se vrstama radi. Isto tako ciq nam je da ukaÿemo i na
moguãnost prenošewa gqiviånih infekcija sa ÿivotiwa na qude u specifiå-
nim gradskim uslovima odgajawa kuãnih qubimaca.

Za mikološko ispitivawe koristili smo briseve i skarifikate koÿe pa-
sa koji su dolazili na laboratorijsku analizu kako bi se utvrdila etiologija
oboqewa. Uzeti uzorci zasejani su na Saburo dekstrozni agrar i inkubirani na
25 stepeni najmawe 21 dan. U toku jedne godine ispitan je 81 uzorak od kojih je
11 (13,58%) bilo pozitivno na dermatofite. Kod svih pozitivnih nalaza izolo-
van je Microsporum canis.

Nalaz Microsporum canis kod 13,58% ispitanih uzoraka pokazuje da su der-
matofite znaåajan uzroånik koÿnih oboqewa kuãnih qubimaca. Isto tako, s ob-
zirom da se radi o zoonozi, wihov nalaz ukazuje na moguãnost eksponirawa qu-
di gqiviånim infekcijama, a pre svega vlasnika, što je posebno potencirano
u uslovima gajewa ÿivotiwa u urbanoj sredini.
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THE CLINICAL AND PATHOMORPHOLOGICAL
DIAGNOSIS OF MYCOTOXICOSIS IN DIFFERENT

SWINE CATEGORIES

ABSTRACT: The issue of mycotoxins and mycotoxicosis in veterinary medicine is
directly connected to the usage of mouldy and/or adversely stored grains (corn, wheat,
barley) used in animal feed. In swine production, in our geographical region, the most com-
mon are mycotoxicosis caused by zearalenon (F-2 toxin), but aflatoxins, ochratoxin and
trichothecenes can also be found. For the known mycotoxins of clinical importance, the
response is usually subacute or chronic and the presenting clinical signs are often vague.
Mostly the problems are expressed only as alterations of the reproductive cycle, reduced
feed intake and slow growth. However, if we consider the clinical signs and pathomorpho-
logical picture of mycotoxicosis in different swine categories (breeding animals, suckling
and weaned piglets, fatteners), the age dependent changes can be found. Some mycotoxins
have hepatotoxic, nephrotoxic and immunosuppressive effects, which further complicate the
clinical and pathomorphological picture and diagnosis of mycotoxicosis in swine.

The material for this research included the samples provided from ten swine farms. In
different swine categories health disorders, resembling to the problem with mycotoxins
were detected. The applied research methods included clinical evaluation and pathomorpho-
logical examination and laboratory microbiological feed testing, in order to examine the
presence of fungi and some mycotoxins (aflatoxins, zearalenon, ochratoxin A and trichothe-
cenes).

On the basis of the obtained results, it may be concluded that the most frequently de-
tected mycotoxin in the examined feed samples was zearalenon. The presence of mycotoxin
in feed was directly connected to the reproductive failures and diagnosed health disorders in
the examined swine categories (vulvovaginitis, skin necrosis, pneumonia, gastroenteritis).

KEY WORDS: diagnosis of mycotoxicosis, swine feed, zearalenon

INTRODUCTION

Mycotoxins are secondary metabolites of moulds, and so far, approxi-
mately 400 secondary metabolites with toxigenic potential produced by more
than 100 moulds have been reported (K a b a k and D o b s o n, 2006). Several
fungi, mainly belonging to the genera: Aspergillus, Penicillium, Fusarium and
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Alternaria, are detected most frequently. The issue of mycotoxins and myco-
toxicoses in veterinary medicine is directly connected to the usage of mouldy
and adversely stored grains (corn, wheat, barley) in animal feed (O s w e i l e r,
2006).

In the swine production, in our geographical region, the most common
are mycotoxicosis caused by zearalenon (F-2 toxin, ZEA), but also aflatoxins
(AF), ochratoxin (OCT) and trichothecenes occur. The problems are expressed
mostly only as alterations of the reproductive cycle, reduced feed intake and
slow growth (G o n z a l e s and R o d r i g u e z, 2008).

The clinical and patomorphological picture of mycotoxicoses in swine de-
pends on the age and category (breeding animals, suckling and weaned piglets,
fatteners). Beside this, some mycotoxins have hepatotoxic, nephrotoxic and
immunosuppressive effects (K a b a k and D o b s o n, 2006), which can fur-
ther complicate the clinical and pathomorphological picture and diagnosis of
mycotoxicosis in swine. Immunosuppressive effects of mycotoxins are of spe-
cial interest and may have significant influence on the occurence of infective
diseases of pigs (O b r e m s k i et al., 2008). The connection between clinical
cases of common diseases (swine erysipelas, swine disentery and salmonellosis)
influenced by AF under experimental conditions are detected (O s w e i l e r,
2006).

MATERIAL AND METHODS

The material for this research included the samples collected from ten
swine farms, with different swine categories where health disorders resembling
to the problem with mycotoxins were detected. Depending on the specificity of
each evaluated case and available material, the applied research methods in-
cluded: epidemiological and clinical evaluation, pathomorphological exami-
nation and laboratory microbiological feed testing, in order to examine the pre-
sence of fungi and evaluation to detect the presence of mycotoxins by the
method of thin layer chromatography.

RESULTS

In seven examined cases, the presence of ZEA in different swine feed
was detected. Depending on the swine category (suckling piglets, weaned
piglets, fatteners and breeding animals) the clinical symptoms in diseased ani-
mals and patomorphological changes in dead pigs were evaluated.

In the clinical cases of ZEA mycotoxicosis in the suckling piglets, the oc-
curence of neonatal diarrhoea already in the first 3 days of life after farrowing
were detected. These health problems did not improve after the medical treat-
ment with antibiotics. In great number of just farrowed piglets the most promi-
nent clinical sign was vulvovaginitis (swelling and reddening of the vulva).
Beside this, in two cases, a large number of small, weak and splayleg piglets
were noticed. Applying patomorphological examination on the dead suckling
piglets the prominent changes on mucosal surfaces of the digestive tract (Gas-
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troenteritis haemorrhagica), fewer number of pale kidneys, necrotic and dis-
trophic processes on liver tissue were detected. By laboratory testing of the
available swine feed grains from the stables intended for different swine cate-
gories, the presence of ZEA in different concentrations was detected (from
0.72 to 6.4 mg/kg).

The ZEA mycotoxicosis in the weaned piglets was clinically characte-
rised with signs of pneumonia, slow growth, vulvovaginitis and necrosis of the
tails, sporadically with diarrhoea and rectal prolapses. The patomorphological
examination of the dead weaners revealed the following lesions: bleeding on
the mucosal surface of the digestive tract (Gastroenterotyphlocolitis haemor-
rhagica), pleuropneumonia and pneumonia with the sings of purple to gray
areas of consolidation, hepatomegalia, focal nephritis and rectal prolapses.
Etiologically the pneumonia was caused by Actinobacillus pleuropneumoniae,
Haemophilus suis, and Mycoplasma hyopneumoniae. Another problem that
was frequently observed was digestive infection caused by enteropathogenic
Escherichia coli, which might have been promoted by the presence of myco-
toxin (ZEA 0.8 mg/kg) and a high number of different fungi species in the
weaners feed (Fusarium, Penicillium, Aspergillus, Rhisopus). During evalua-
tion of the farm storage facility, approximatelly 20% of mouldy wheat was
found. Having in mind this fact and the clinical symptoms observed in the
piglets (necrosis of tails and ears, vomiting and diarrhoea) a justifed suspicion
on the presence of ergot alkaloids was made.

In the fatteners, clinical symptoms included vulvovaginitis, bronchopneu-
monia, bloody diarrhoea, and sporadically rectal prolapses. One of the charac-
terictics of this swine category was transient feed refusal. The patomorpholo-
gical examination revealed the lesions on the mucosa of digestive organs
(Gastroenteritis haemorrhagica, Dysenteria suum), pleuropneumonia and peri-
carditis. After laboratory testing of thecorn samples the presence of ZEA from
0.5 to 0.8 mg/kg was detected.

Only in one case the presence of ZEA was detected and the following cli-
nical symptoms were noticed in the suckling piglets and sows: reduced feed
intake, agalactia and endometritis. On the another farm, the clinical symptoms
in sows consisted of reproductive disorders with the increased number of re-
breeding (= 20%), lower rate of conception (from 93% to 77%), increased
number of deadborn (0.85 per litter) and mummified piglets, and decreased lit-
ter size. However, it should be noted that apart from the presence of ZEA in
feed (6.4 mg/kg), the infection with parvovirus was also diagnosed on the
farm, which further complicated the diagnosis.

On two swine farms, in the feed samples the presence of two mycotoxins,
ZEA (0.1—4 mg/kg) and OCT-A (0.080—0.12 and 0.5 mg/kg), were simul-
taneously detected. The following feed samples were tested: corn, piglets first
and second feed, feed for pregnant sows and boars. The piglets showed the
following clinical signs: feed refusal, reduced growth, diarrhoea, pneumonia.
The pathomorphological changes were not different from the aforementioned
signs observe on the other farms that consumed feed contaminated with ZEA.
However, in sows the reproductive disorders were clinically evident: rebreed-
ing (27%), infertility (20%), anestrous (10.6%) and freqent endometritis.
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The presence of AFB1 in the first feed for piglets (0.018 mg/kg) was de-
tected only in one case. Microbiological feed testing detected 3-fold increase
in the number of fungi from genera Penicillium, Aspergillus, Rhisopus as com-
pared to the level set by the regulation. In the weaned piglets clinical and
patomorphological lesions characteristic for the enteropathogenic Escherichia
coli infection were diagnosed. It can be assumed that this was provoked by the
presence of mycotoxin in feed.

Simultaneous presence of several mycotoxins (ZEA, AFB1, AFG1, OCT)
was established only in one examined case. The above mentioned mycotoxins
were detected in the feed for pregnant and lactating sows (ZEA 0.8 mg/kg;
AFB1 0.008 mg/kg; AFG1 0.02 mg/kg; OCT 0.2 mg/kg), in the supplemental
feed for fatteners (ZEA 4 mg/kg; AFB1 0.008 mg/kg; AFG1 0.016 mg/kg;
OCT 0.5 mg/kg), corn (ZEA 4 mg/kg; AFB1 0.008 mg/kg; AFG1 0.002
mg/kg; OCT 0.2 mg/kg), sunflower pellets (ZEA 4 mg/kg; AFB1 0.016 mg/
kg; AFG1 0.008 mg/kg; OCT 1.0 mg/kg), soyabean pellets (ZEA 2.0 mg/kg;
AFB1 0.016 mg/kg; AFG1 0.008 mg/kg; OCT 1.0 mg/kg) and animal yeast
(ZEA 0.8 mg/kg; AFB1 0.016 mg/kg; AFG1 0.02 mg/kg; OCT 3 mg/kg). Cli-
nical signs were noticed in the piglets and sows. In the sows, gravidity period
and farrowing time were prolonged, cases of agalactia (sudden loss of milk
and lying on the udder), a small number of stillbirths and mummified piglets
were noticed. The newborn piglets were described as weak, nonviable, with
diarrhoea. The diseased piglets lived only 4 days after birth. They probably
died due to hypoglicemia, because sows did not have enough milk or the
piglets were too weak and did not have enough strenght for milk suckling.
Sporadically, the occurence of splayleg was observed. By patomorphological
examination of the dead suckling piglets the following lesions were evident:
pale kidneys, hepatic damage (yellowish color), gastric ulcers, diffuse haemor-
rhage on internal organs and the brain.

DISCUSSION

On the basis of the obtained results, it may be concluded that the most
frequently detected mycotoxin in the examined feed samples was ZEA. The
presence of mycotoxin in feed was directly connected to the reproductive
failures and health disorders (vulvovaginitis, skin necrosis, pneumonia, gastro-
enteritis) diagnosed in the examined swine categories. Zearalenone is a myco-
toxin which acts as estrogen, binding competitively to estrogen receptors of
the uterus, mammary gland, liver and hypothalamus (G a j e c k i, 2002). Pigs
are the most susceptible to the presence and negative effects of ZEA (D i e k -
m a n and G r e e n, 1992; O b r e m s k i et al., 2003). In our research, the
perinatal hyperestrogenic syndrome was a constant clinical sign in the suckling
piglets. This is certainly the consequence of mycotoxins presence in the feed
for sows, i.e. during the pregnancy and the presence of its excreted metabolite
in milk of the exposed sows.

The toxic effect of mycotoxins depends on a number of factors: the in-
take levels, duration of exposure, toxin species, mechanisms of action, meta-
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bolism and defense mechanism. The consumption of mycotoxin-contaminated
feed leads to the induction of teratogenic, cancerogenic, oestrogenic, neuro-
toxic and immunosuppresive effects in the organism (K a b a k et al., 2006).
The influence on immune system is of special interest in the swine industry.
The technology on swine farms demands frequent vaccinations, especially in
piglets and sows which may be a problem in the case of immunocompromised
animal. From the obtained results, several examples of immunosuppresive ef-
fect can be presented. For instance, the occurence of enteroxemia in piglets,
despite the fact that dams were vaccinated twice during gestation.

Aflatoxins (B1, B2, G1, G2) are recognised as immunomodulating agents,
and when AFB1 is metabolised by mammals it occurs in milk as M1. It is as-
sumed that AFB1 is the most toxic fraction (O s w e i l e r, 2006; Ÿ i v k o v -
- B a l o š et al., 2008). Gross lesions associated with porcine aflatoxicosis in-
clude liver fatty degeneration and necrosis: clay-colored liver with hemor-
rhages; the fibrosis develops, characterised by a firm hard liver with accen-
tuated lobular patern (O s w e i l e r, 2006). In our research, it was discovered
the persistant presence of various infections, which reacted poorly or failed to
react on the applied antimicrobial therapy (endometritis, pneumonia). Although
the examined feed samples did not contain trichothecenes, their strong ten-
dency to induce feed refusal and vomiting in swine should be stressed, which
makes them somehow self-limiting as toxins (O b r e m s k i et al., 2008).

The ochratoxin is a nephrotoxic and immunosuppresive mycotoxin, and
principal effects are manifested on proximal renal tubules. However, the clini-
cal signs which include polydipsia, polyuria, reduced growth and lower feed
efficiency can not be associated with sole ochratoxicosis. The true control
should be carried out in the abattoir. It is assumed that pale and firm kidneys
(nephrosis and interstitial fibrosis) and gastric ulcers are commonly associated
with ochratoxin in endemic areas (O s w e i l e r, 2006). Our results indicate the
occurence of slow growth, the increased feed consumption and significant dif-
ference in the weight of fatteners as a consequence of mycotoxin feed conta-
mination.

For the known mycotoxins of clinical importance in the swine product-
ion, the response is usually subacute or chronic and the presenting signs are
often subtle and vague (G o n z a l e s and R o d r i g u e z, 2008). As a con-
sequence of immunosuppresive action of mycotoxins, clinical and pathological
lesions correspond to the infective diseases of different etiology (O b r e m -
s k i et al., 2008). Dietary deficiencies of protein, selenuim and vitamins have
been sugested as predisposing factors in the mycotoxicoses. Combinations of
several mycotoxins may potentiate the action of one other, or at least exert an
additional effect (O s w e i l e r, 2006). The obtained results strongly support
the interaction between the mycotoxins and infective agents.

In the last five years, the swine industry in our country was exposed to
the most unfavourable conditions. As a consequence, most of the pig produ-
cers blend mycotoxin-contaminated feed with the sound one in such a propor-
tion that animals consume it without any obvious adverse effects on the
growth and reproduction. However, economic losses that occur due to usage of
blended feed probably stay unknown because low concentrations of several
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mycotoxins may interact in ways that are difficult to detect reducing the per-
formance. The continuous intake of small amounts leads to chronic intoxi-
cation which is characterised by the loss of weight and insufficient weight
gain, fertility disorder or increased susceptibility to infectious diseases. As feed-
stuffs are mostly contaminated with several different mycotoxins simultane-
ously, it may be assumed that mycotoxicoses are multicausal (multitoxic) di-
seases (D i e k m a n and G r e e n, 1992; O s w e i l e r, 2006).

Because of detrimental effects of mycotoxins, a number of strategies have
been developed to decontaminate and detoxify mycotoxin-contaminated feed.
They may include inhibition of mycotoxin adsorption in the gastrointestinal
tract. One of the most recent approaches to the prevention of mycotoxicoses is
the addition of non-nutritional adsorbents in the feed that bind mycotoxins in
the gastrointestinal tract and reduce their bioavailability. The activated carbons,
aluminosilicate, zeolites, bentonites and certain clays are well known. A novel
strategy to control the problem of mycotoxicoses in animals is the application
of microorganisms, yeasts (Eubacterium-BBSH 797; Trichosporon MTV, 115)
capable of biotransforming mycotoxins into nontoxic metabolites (K a b a k et
al., 2006). The basic preventive measures in order to protect the animals are
usage of healthy feed and proper storage and condition management of animal
feed. Certainly, if mycotoxicosis occurs or is suspected, the first action should
be the change of the source of feed. Mycotoxicoses are generally a herd pro-
blem and not amenable to individual treatment. Practical preventive program
should be the part of every swine management program.
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KLINIÅKA I PATOMORFOLOŠKA DIJAGNOSTIKA
MIKOTOKSIKOZA KOD RAZLIÅITIH KATEGORIJA SVIWA
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Igor M. Stojanov, Radomir D. Ratajac, Milica M. Ÿivkov-Baloš

Nauåni institut za veterinarstvo “Novi Sad",
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Rezime

Primena plesnivih i/ili neadekvatno uskladištenih ÿitarica u ishrani
ÿivotiwa (kukuruz, pšenica, jeåam) direktno se povezuje sa problemom miko-
toksina i mikotoksikoza u veterinarskoj medicini. Na našem geografskom
podruåju u sviwarskoj proizvodwi su najåešãe mikotoksikoze uzrokovane zeara-
lenonom (F-2 toksin), ali su znaåajni i aflatoksin, ohratoksin i trihotece-
ni. Za mikotoksikoze koje su od kliniåkog znaåaja tok oboqewa je najåešãe sub-
akutan ili hroniåan i kliniåki znaci su nejasni. U najveãem broju sluåajeva
zdravstveni problemi se ogledaju u poremeãaju reproduktivnog ciklusa, uspore-
nom rastu i smawenoj konzumaciji hrane. Meðutim, kada je u pitawu kliniåka i
patomorfološka manifestacija mikotoksikoza u sviwarskoj proizvodwi po-
stoji izraÿena specifiånost uzrasta (priplodne jedinke, prasad na sisi i od-
goju i tovqenici). Pored toga, pojedini mikotoksini imaju izraÿen hepatotok-
siåni, nefrotoksiåni i imunosupresivni efekat, što daqe komplikuje kli-
niåku i patomorfološku manifestaciju oboqewa i dijagnostiku mikotoksikoza
kod sviwa.

Materijal za ispitivawe je obuhvatao deset farmi sviwa, na kojima su re-
gistrovani zdravstveni problemi kod razliåitih kategorija sviwa a koji su
ukazivali na potencijalni problem mikotoksikoze. U okviru primewenih meto-
da obavqeni su kliniåka ispitivawa, patomorfološki pregled uginulih jedin-
ki i mikrobiološko ispitivawe hrane u ciqu ustanovqavawa prisustva plesni
i mikotoksina (aflatoksin, zearalenon, ohratoksin A i trihoteceni). Postig-
nuti rezultati ispitivawa ukazuju da je u hrani za sviwe najåešãe ustanovqeno
prisustvo mikotoksina zearelenona. Prisustvo mikotoksina u hrani dovodi se
direktno u vezu sa poremeãajem reproduktivne efikasnosti i razliåitim pore-
meãajima zdravstvenog statusa kod ispitivanih kategorija sviwa (vulvovagini-
ti, nekroze koÿe, pneumonije i gastroenteriti).
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EFFECT OF CULTIVATION CONDITIONS
ON LIGNINOLYTIC ENZYME PRODUCTION BY

GANODERMA CARNOSUM

ABSTRACT: Ganoderma carnosum has been found in Europe only, at coniferous
trees and it is difficult to distinguish it morphologically from G. lucidum. Since G. carno-
sum has not been studied biochemically yet, the aim of this study was to analyse its ability
to produce Mn-dependent peroxidase (MnP), versatile peroxidase (VP) and laccase (Lac)
under conditions of solid-state fermentation of selected plant raw materials as carbon sour-
ces, in the presence of different nitrogen concentrations in the medium. Wheat straw, corn
stem, oak and grapevine sawdust were the analysed plant raw materials. Nitrogen source in
synthetic medium was NH4NO3 and its concentrations were: 10mM N and 20 mM N.
Enzyme activity was determined spectrophotometrically, using ABTS and phenol red, as the
substrates for Lac and Mn-oxidizing peroxidases, respectively. Maximum level of MnP
activity (56.82 U/l) was obtained in the medium with wheat straw and nitrogen concentra-
tion of 10 mM. Best carbon source for VP production was grapevine sawdust at nitrogen
concentration of 10 mM (80.80 U/l). The obtained Lac activity was very low in the medium
with wheat straw (1.80 U/l), while it was not detected in the presence of other three
analyzed plant raw materials. Maximum of total protein content (0.06 mgml—1) was noted
in the medium where oak sawdust was carbon source and nitrogen concentration was 20
mM.

KEY WORDS: Ganoderma carnosum, laccase, Mn-dependent peroxidase, nitrogen
concentration, plant raw materials, versatile peroxidase

INTRODUCTION

White-rot fungi are capable of degrading all basic wood polymers, due to
their ability to synthetise relevant hydrolytic and oxidative extracellular enzy-
mes. These enzymes are responsible for the degradation of cellulose, hemicel-
lulose and lignin into low-molecular-weight compounds that can be assimilated
for fungi nutrition (S o n g u l a s h v i l i et al., 2007). Due to their low sub-
strate specificity, ligninolytic enzymes can oxidize a wide range of compounds
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with structural similarities to lignin, so they have important role in bioremedia-
tion of various toxic compounds in soil and waste waters (W i n q u i s t et al.,
2008). The enzymes produced by Ganoderma species as white-rot ones are:
lignin peroxidases (LiP), Mn-oxidizing peroxidases (Mn-dependent peroxidases
(MnP) and versatile peroxidases (VP)), and laccases (Lac). Contrary to G. lu-
cidum, which ligninolytic system is extensively studied during the last few de-
cades, the other species of this genus are not adequately investigated. Gano-
derma carnosum Pat. (syn. G. atkinsonii Jahn, Kotl. and Pouz.) has only been
found in Europe only and it is difficult to distinguish it morphologically from
G. lucidum. This species belongs to the G. valesiacum complex together with
G. oregonense, G. tsugae and G. valesiacum. This group is apparently re-
stricted to coniferous forests in the Northern Hemisphere (M o n c a l v o et al.,
1995). G. lucidum, a white-rot Basidiomycetes is widely distributed worldwide
and grows predominantly on deciduous trees (Quercus, Acer, Alnus, Betula
etc.) and rarely on coniferous trees (Larix, Picea, Pinus) (W a s s e r and
Weis, 1997). In contrast to G. lucidum, this species has not been studied
biochemically yet (K e l l e r et al., 1997). Therefore, the aim of this study was
to research the effect of different plant raw materials used as carbon sources,
and different nitrogen concentrations on the enzyme production by G. carno-
sum under the conditions of solid-state cultivation.

MATERIAL AND METHODS

Organism and growth conditions

Ganoderma carnosum, collected from conifer tree in Roÿaje (Montene-
gro), was used in this study. The culture was preserved on malt agar medium,
in the culture collection of the Institute of Botany, Faculty of Biology, Uni-
versity of Belgrade (Serbia).

The inoculum was prepared by inoculation of 100 ml of synthetic me-
dium (glucose, 10.0 gl—1; NH4NO3, 2.0 gl—1; K2HPO4, 1.0 gl—1; NaH2PO4 x
H2O, 0.4 gl—1; MgSO4 x 7H2O, 0.5 gl—1; yeast extract, 2.0 gl—1; pH 6.5) with
25 agar discs (Ø 0.5 cm) taken from 7 day-old G. carnosum culture. Incuba-
tion was performed at room temperature (22±2°C), on a rotary shaker (160
rpm), during 7 days. The obtained biomass was washed 3 times by sterile dis-
tilled water (dH2O) and homogenized with 100 ml of sterile dH2O in a labo-
ratory blender.

Effect of different plant raw materials as carbon sources
and nitrogen concentrations on the production of laccase and

Mn-oxidizing peroxidases

Analyzed plant raw materials were: wheat straw, corn stem, oak and gra-
pevine sawdust. Solid-state fermentation was carried out at 25°C in 100 ml
flasks containing 2g of analysed plant residue soaked with 10 ml of the modi-
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fied synthetic medium, without glucose, and with one of the two tested con-
centrations of nitrogen (10 mM and 20 mM) in the form of NH4NO3 and pH
5.0. Thus, the prepared flasks were inoculated with 3 ml of homogenized
inoculum. Samples from flasks were harvested after 7 days of cultivation, and
extracellular enzymes were extracted by stirring of samples with 50 ml of
dH2O on a magnetic stirrer for 10 min at temperature of 4°C. The obtained
extracts were separated by centrifugation (4°C, 3000 rpm, 15 min), and the
obtained supernatants were further used for measurements of the Lac, MnP
and VP activity, as well as total protein content. Three replications for each
analysed plant residue and nitrogen concentration were prepared, in order to
decrease statistical error.

Enzyme activity assays

Laccase activity was assayed spectrophotometrically, using 50 mM ABTS
(e436 = 29300 M—1cm—1) as a substrate, in a phosphate buffer (pH 6.0). The
reaction mixture contained: buffer, ABTS, and sample (Vtot = 1 ml).

Mn-oxidizing peroxidases activities were determined with 3 mM phenol
red (e610 = 22000 M—1cm—1) as a substrate, in a buffer with the following con-
tents: succinic acid disodium salt, albumin from bovine serum, and DL-lactic
acid sodium salt, pH 4.5. The reaction mixture contained: buffer, sample, 2
mM H2O2, and phenol red, with or without 2 mM MnSO4, for MnP and VP,
respectively (Vtot = 1 ml). Reaction was stopped by adding 2 M NaOH.
Enzymatic activity of 1 U is defined as the amount of enzyme that transforms
1 mmol of substrate per minute. An UV-160 A Spectrophotometer (Shimaden)
was used for these assays.

Determination of total proteins

The amount of total proteins was determined by means of a standard curve
obtained from solutions containing bovine serum albumin at known concentra-
tions (0.00; 0.01; 0.02; 0.03; 0.04; 0.05; 0.06; 0.07; mgml—1), Bradford's rea-
gent (0.2 ml), and sufficient water to complete a final volume of 1 ml. The
mixture contained 0.80 ml of the sample and 0.20 ml of Bradford's reagent,
and absorbance was measured at 595 nm after reaction for 5 minutes, at room
temperature. Total protein content is given in mgml—1.

RESULTS AND DISCUSSION

After 7 days of solid-state cultivation of G. carnosum, the activity of
MnP and VP was detected in the media with all tested plant raw materials and
both analysed nitrogen concentrations. In contrast to them, Lac activity was
detected only in the medium with wheat straw as a carbon source (Fig. 1).
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The maximum of MnP activity (56.82 U/l) was obtained in the medium
with wheat straw and nitrogen concentration of 10 mM, which is in accor-
dance with the results of C a m a r e r o et al. (1996). An increase in the nitro-
gen concentration to 20 mM has led to a decrease of MnP production (31.64
U/l) (Fig. 1). This can be explained by the fact that nitrogen limitation in the
medium is trigger for ligninolytic enzyme production (H a m m e l, 1997). Nu-
merous studies have also shown that high nitrogen levels repressed ligninolytic
enzyme production in Phanerochaete chrysosporium, Trametes versicolor and
Pycnosporus cinnabarinus (B u s w e l l et al., 1984; E r i k s s o n et al., 1990;
T e k e r e et al., 2001). However, in Pleurotus ostreatus high concentration of
nitrogen in the medium did not repress but slightly stimulated mineralization
of lignin, as compared to the nitrogen — limited medium (K a a l et al.,
1995). Similar, but slightly lower value for MnP activity was detected in the
medium with grapevine sawdust, at nitrogen concentration of 10 mM (50.34
U/l), while at nitrogen concentration of 20 mM MnP activity was significantly
lower (31.18 U/l). Grapevine sawdust was also good substrate for Mn-oxi-
dizing peroxidases production by P. ostreatus and P. pulmonarius (S t a j i ã et
al., 2006). The level of MnP production was lower in the media with corn
stem and oak sawdust as carbon sources than in the two afore mentioned car-
bon sources. The measured values were similar in these media and ranged
between 37.90 and 43.30 U/l (Fig. 1).
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The VP activity profile showed that optimal carbon source was grapevine
sawdust with nitrogen concentration of 10 mM (80.80 U/l). This is in accor-
dance with some earlier results (S t a j i ã et al., 2006) which showed that gra-
pevine sawdust is good substrate for VP production by P. ostreatus and P.
pulmonarius. Production of VP has decreased with increasing the nitrogen
concentration to 20 mM (52.04 U/l). Relatively high values for VP production
were detected in the medium with oak sawdust as carbon source and both ni-
trogen concentrations (56.19 U/l and 63.86 U/l at the nitrogen concentration of
10 mM and 20 mM, respectively). Slightly lower VP activity was noted in the
medium with corn stem as carbon source, but the minimum of VP production
(40.45 U/l) was obtained in the medium with wheat straw, at the nitrogen con-
centration of 10 mM, contrary to MnP production which had the peak of
activity in this medium. One more difference observed in relation to MnP pro-
duction is that higher nitrogen concentration has led to an increased VP pro-
duction, in all analysed media, exept the medium with grapevine sawdust.

Laccase production was detected only in the medium with wheat straw as
carbon source, and obtained activities were similar at both nitrogen concentra-
tions (1.80 U/l at 10 mM N and 1.88 U/l at 20 mM N) (Fig. 1). These results
show that either the cultivation conditions or the selected species were reason
for low level of Lac production (S t a j i ã et al., 2009).

Maximum of total protein content of 0.060 mgml—1 was detected in the
medium with oak sawdust and nitrogen concentration of 20 mM, and the mini-
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mum one of 0.005 mgml—1 is measured in medium with grapevine sawdust
and nitrogen concentration of 10 mM (Fig. 2).

CONCLUSION

According to the presented results, it can be concluded that different plant
residues used as carbon sources, as well as nitrogen concentrations, consi-
derably affect the production of MnP, VP and Lac and total protein content by
G. carnosum, during solid-state cultivation. Moreover, G. carnosum is a far
weaker producer of ligninolytic enzymes than G. lucidum.
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Rezime

Vrste roda Ganoderma su producenti mnogih biološki aktivnih supstan-
ci pa su objekti prouåavawa mnogih medicinskih i farmaceutskih studija. U
novije vreme se sve više paÿwe poklawa upoznavawu wihovog ligninolitiåkog
enzimskog sistema, u ciqu uspešne primene u razliåitim biotehnološkim
procesima. Za razliku od G. lucidum, åiji je ligninolitiåki sistem intenzivno
prouåavan, ostale vrste ovog roda su retko bile objekti istraÿivawa. G. carno-
sum se teško morfološki razlikuje od G. lucidum. i još uvek nije biohemijski
prouåena, pa je ciq našeg istraÿivawa bio analiza produkcije Mn-oksidujuãih
peroksidaza i lakaza u uslovima åvrste kultivacije, na razliåitim biqnim
ostacima (pšeniåna slama, stabqike kukuruza, piqevina hrasta i vinove loze)
u prisustvu azota u obliku NH4NO3 i u koncentracijama od 10 mM, odnosno 20
mM. Maksimum produkcije Mn-zavisne peroksidaze dobijen je na pšeniånoj
slami pri koncentraciji azota od 10 mM (56.82 U/l). Piqevina vinove loze i
koncentracija azota od 10 mM bili su optimalni za sintezu verzatil peroksi-
daze (80.80 U/l). Dobijena aktivnost lakaza je bila izuzetno niska u medijumu sa
pšeniånom slamom (1.80 U/l), dok na ostalim biqnim ostacima nije zabeleÿe-
na. Maksimalni sadrÿaj ukupnih proteina je bio najveãi u medijumu sa piqevi-
nom hrasta kao izvorom ugqenika i koncentracijom azota od 10 mM.
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THE INFLUENCE OF TECHNOLOGICAL PARAMETERS
ON MALT QUALITY PRODUCED FROM DIFFERENT

TRITICALE VARIETIES

ABSTRACT: The analysis of eight different triticale varieties, from selective expe-
riments, crop 2007, from Rimski Šanåevi (Serbia) location was performed. On the basis of
results obtained from triticale and produced triticale malt analysis as well as during micro-
malting, technological quality of investigated triticale varieties was evaluated. The aim of
the work was to determine if the gibberellic acid added during the germination phase had a
positive influence on the degradation of triticale grain during micromalting. Based on the
obtained results it was concluded that triticale variety has the most important influence on
the quality of produced triticale malt.

INTRODUCTION

Triticale (Triticosecale spp. Wittmack) is the first manufactured cereal de-
rived from an amphiploid between wheat (Triticum spp.) and rye (Secale spp.).
Research efforts have resulted in triticale becoming environmentally more
flexible than other cereals, showing better tolerance to many diseases and pests
than its parental species and being capable of producing much higher yields
and biomass than other cereals. Consequently, the significant increase in the
area of triticale production over recent years is a testimony to its future poten-
tial (G l a t t h a r et al., 2003).

Triticale shows a number of advantages for the grower. The main distin-
guishing features are as follows: higher grain yield even in unfavorable condi-
tions, higher test weight, resistance to soil-climatic conditions, tolerance to
dryness, tolerance to more acid soils and lower requirement of nutrient sub-
stances. Also, it does not need as much fertilizer when compared to types and
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varieties providing the same yields (K u å e r o v á, 2007). Triticale has a lower
susceptibility to diseases and pests which attack rye and wheat and this re-
duces the necessity of chemical protection against harmful agents (O e t t l e r,
2005).

Adjuncts are used in brewhouse operations to increase extract yield and
beer stability, and possibly to reduce brewing costs (A g u, 2002). The use of
cereal-based brewing adjuncts to partially substitute malt in the grist is be-
coming a standard procedure in brewing today (G l a t t h a r et al., 2003). It is
estimated that the current share of mixed grists of malt and adjuncts reaches
90% (G l a t t h a r et al., 2002). Despite the undisputed economic role of
adjunct utilization, beer quality is based on wort composition rather than wort
price. Thus, the brewer needs to ensure that wort prepared from mixed grists
of malt and adjuncts does not diminish the traditionally high quality standards
(G l a t t h a r et al., 2003).

In addition to such agricultural considerations triticale shows promising
brewing properties (G l a t t h a r et al., 2003). Some triticale lines contain high
levels of amylolytic activity in their unmalted natural form, in conjunction
with lower levels of proteolytic activity. Because of this and the low gelatini-
zation range (59—65°C), triticale is capable of degrading its own starch con-
tent with efficiencies roughly equal to those of barley malt. Based on these
facts, it can be assumed that triticale could be used as a brewing adjunct that
would provide high malt ratios (> 30—50%) without the need for the addition
of microbial enzymes during mashing, as currently practiced (G l a t t h a r et
al., 2002).

Triticale's high a-amylase activity has a positive side for malting and
brewing. Using the same malting conditions, P o m e r a n z et al. (1970) com-
pared the malting quality of several triticales from the United States and Ca-
nada with U.S. barleys. Triticale had higher malt losses, but higher malt ex-
tracts, higher diastatic power, and higher a- and b-amylase activity than bar-
ley. G u p t a et al. (1985) confirmed the high malting value of triticale. Addi-
tionally, both duration of germination and steeping moisture significantly in-
fluenced malt losses; the highest malt losses and the highest enzymatic (amy-
lase and protease) activity were achieved when 42% steeping moisture, instead
of 38%, and 4 to 6 days of germination, in the presence of gibberelic acid,
were used.

MATERIALS AND METHODS

Eight different triticale varieties, crop 2007, from Rimski Šanåevi loca-
tion (Serbia), were investigated. The investigations included: (a) triticale ana-
lyses; (b) micromalting of triticale; (c) following the changes during micro-
malting; and (d) analyses of the obtained triticale malts. Triticale and triticale
malt analyses were performed using the standard European Brewery Conven-
tion, Analytica — EBC (1998) and/or MEBAK (1997) methods. Micromalting
was carried out by the standard procedure (S c h u s t e r et al., 1999) using the
micromalting plant “Seeger" (Germany). Tap water was used during micromal-
ting. Micromalting scheme of barley samples is presented in Table 1.
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Tab. 1 — Micromalting scheme of triticale samples

1st day
Immersion steeping for 6 hours, t = 15°C;
Dry steeping for 18 hours, t = 15°C

2nd day
Immersion steeping for 4 hours, t = 15°C
Dry steeping for 20 hours, t = 15°C

3rd day
Immersion steeping for 2 hours, t = 15°C
Dry steeping for 22 hours, t = 15°C
Moisture correction to 44.5% by spraying with water

4th day Germination at 15°C, turning over

5th day Germination at 15°C, turning over

6th day Germination at 15°C, turning over

7th day
Germination at 15°C, turning over
Drying according to the given programme

8th day Drying finished, malt degermination, measuring and packing in polyethylene bags

RESULTS AND DISSCUSION

Results of triticale analyses, crop 2007, from Rimski Šanåevi location are
given in Table 2.

Tab. 2 — Triticale analyses, crop 2007, Rimski Šanåevi location

Triticale sample
1 2 3 4 5 6 7 8

NST3/07 NST4/03 NST5/06 NST6/06 NST7/06 NST8/05 NST13/06 NST14/ 06

Mechanical analysis

Sorting:
Sieving test, > 2.8 mm, % 54.3 40.8 55.6 53.1 35.3 12.3 65.6 56.3
Sieving test, > 2.5 mm. % 36.3 43.7 31.9 35.3 47.5 55.2 26.1 32.2
1st class grain, % 90.6 84.5 87.5 88.4 82.8 67.5 91.7 88.5
2nd class grain, % 6.7 12.3 7.4 7.6 12.4 26.0 5.2 7.8
3rd class grain, % 2.4 3.2 5.1 4.0 4.8 6.5 3.1 3.7

Thousand-kernel weight, g DM* 40.30 30.32 40.79 40.31 36.26 31.97 44.03 41.30
Test weight. g/hl 80.0 77.5 75.3 76.4 79.1 77.9 79.4 78.8

Physiological analysis

Germination energy, 3 days. % 96 94 97 95.5 95 99 92 95.5
Water sensitivity, 3 days. % 0 6.5 0 0 0 1 0 0
Germination energy, 5 days. % 97.5 96 97.5 97.5 97.5 99.5 93 96
Water sensitivity, 5 days. % 0 2 0 0 0 0.5 0 0

Chemical analysis

Moisture content of grain, % 10.48 9.85 10.30 10.36 10.05 9.98 10.19 10.07
Protein content, % DM 12.71 11.17 9.73 9.22 11.85 9.56 10.80 13.04

* DM — dry matter

The results of triticale analyses, presented in Table 2, show that the inve-
stigated varieties have high thousand-kernel weight (40.30 to 44.03 g dry mat-
ter (DM) except for the samples 2, 5 and 6 and high share of 1st class grains in
the samples 1 and 7 (above 90%).
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According to the results of physiological analysis, all samples were cha-
racterized with satisfactory and good germination and low hydrosensibility
except for the sample 7.

The moisture content in all triticale samples was normal, which is im-
portant for safe storage. The protein content was very good (bellow 12% dry
matter) except in the samples 1 and 8.

The results of triticale micromalting without and with the addition of gib-
berellic acid are given in Table 3 and 4. The steeping conditions of all barley
samples were the same, and regarding the moisture change of grains, the steep-
ing was performed uniformly in all samples. Appropriate steeping level (44.5%)
was achieved in all samples. In the samples treated with gibberellic acid much
higher steeping level was achieved than in the samples without the addition of
gibberellic acid (approximately 1%, depending on triticale vairety). In all triti-
cale varieties treated with gibberellic acid, the malt moisture content was
lower than in the non-treated samples. Lower total malting losses were ob-
tained in the samples with the addition of gibberellic acid (approximately 1—
2% dry matter).

Tab. 3 — Results of micromalting triticale varieties, crop 2007, Rimski Šanåevi location

Triticale sample
1 2 3 4 5 6 7 8

NST3/07 NST4/03 NST5/06 NST6/06 NST7/06 NST8/05 NST13/06 NST14/ 06

Moisture after 24 h of steeping, % 34.72 34.67 33.45 34.19 33.57 34.48 33.97 33.48
Moisture after 48 h of steeping, % 42.47 42.65 41.29 41.95 41.21 42.37 41.61 41.22
Moisture after 24 h of steeping, % 47.47 47.09 45.90 46.96 46.14 46.54 46.48 46.02
Moisture content of green malt, % 46.99 47.40 45.24 47.25 45.85 47.12 46.33 46.16
Malt moisture content, % 4.28 4.13 4.20 4.20 4.35 4.10 4.35 4.40
Malting losses, % DM* 11.46 12.58 10.72 11.72 9.40 10.51 11.60 10.49
— respiration losses, % DM 7.61 7.69 7.09 7.02 6.21 7.53 7.13 7.09
— rootlets, % DM 3.85 4.89 3.63 4.70 3.19 2.98 4.47 3.40

* DM — dry matter

Tab. 4 — Results of micromalting triticale varieties with the addition of gibberellic acid, crop
2007, Rimski Šanåevi location

Triticale sample
1 2 3 4 5 6 7 8

NST3/07 NST4/03 NST5/06 NST6/06 NST7/06 NST8/05 NST13/06 NST14/ 06

Moisture after 24 h of steeping, % 34.75 34.60 33.22 33.39 33.25 34.27 33.84 33.65
Moisture after 48 h of steeping, % 42.92 42.99 41.95 41.84 41.67 42.89 41.98 41.90
Moisture after 24 h of steeping, % 48.52 48.15 47.30 47.50 47.12 48.25 47.39 47.26
Moisture content of green malt, % 48.04 47.60 46.89 47.56 47.01 47.56 46.68 47.31
Malt moisture content, % 3.94 3.91 3.70 3.88 3.96 3.74 3.98 3.95
Malting losses, % DM* 10.49 10.37 9.48 11.49 8.97 10.16 9.07 9.36
— respiration losses, % DM 6.70 6.60 6.53 7.08 6.04 6.58 6.13 6.43
— rootlets, % DM 3.79 3.78 2.95 4.40 2.94 3.58 2.94 2.94

* DM — dry matter

The analytical quality parameters of malts produced from the triticale va-
rieties without and with the addition of gibberellic acid are displayed in Tables
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5 and 6. The test weight of malt was lower in all triticale malt samples treated
with gibberellic acid that points to better degradation. The thousand-kernel
weights in the samples without and with the addition of gibberellic acid were
similar.

The extract content in the fine grist, was very high (above 81% dry mat-
ter) in all samples, which is very important for the application of triticale in
brewing. Saccharification was very good (bellow 10 minutes) in all samples.

The viscosity of wort and extract difference of finely and coarsely ground
malt are the most important parameters of cytolytic degradation, i.e. the most
important component is b-glucan; and the lower the parameter, the better the
cytolytic degradation. The viscosity of worts produced with the addition of
gibberellic acid was lower than in the non-treated samples.

The degradation degree of proteins, expressed as Kolbach indice, presents
the percentage share of soluble nitrogen in total nitrogen (S c h u s t e r et al.,
1999). In the three samples (1, 5 and 8) not treated with gibberellic acid pro-
tein degradation was adequate for malt used in brewing, whereas in the other
samples protein degradation was excellent. In all samples treated with gibbe-
rellic acid excellent protein degradation was achieved (much higher soluble ni-
trogen levels). In separate studies, G u p t a et al. (1985) and P o m e r a n z et
al. (1970) found that worts obtained from triticale malts were high in nitroge-
nous compounds and dark in colour, indicating high malt proteolytic activity.
B l a n c h f l o w e r and B r i g g s (2006) confirmed that addition of gibbe-
rellic acid during the germination of triticale increases protein degradation.

The relative extract VZ 45°C points to activity of proteolytic and other
enzymes, with the exception of a-amylase, and is the measure of malt degrada-
tion. The standard value for barley malt is 36%. Regarding the presented re-
sults of VZ 45°C for the investigated malts, all samples (with and without the
addition of gibberellic acid) had very good degradation according to this para-
meter.

Tab. 5 — Results of malt analyses obtained from triticale varieties, crop 2007, Rimski Šanåevi
location

Triticale sample
1 2 3 4 5 6 7 8

NST3/07 NST4/03 NST5/06 NST6/06 NST7/06 NST8/05 NST13/06 NST14/ 06

Malt analyses

Extract content, fine grist,
% DM*

83.86 85.25 86.63 85.02 84.11 85.02 83.73 82.98

— Saccharification. min < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

— Wort clarity opal opal clear slightly
opal

slightly
opal

slightly
opal opal opal

— Filtration. min > 60 > 60 29 > 60 > 60 > 60 > 60 > 60
— Wort color, EBC units 13.0 10.0 7.0 8.0 7.0 9.5 8.5 8.5
— pH of wort 5.84 5.85 5.84 5.83 5.85 5.80 5.86 5.83
— Soluble nitrogen, mg/100 ml 79.80 87.29 99.40 93.80 76.65 68.25 87.15 92.05
— Soluble nitrogen, % DM 0.71 0.78 0.89 0.84 0.68 0.61 0.78 0.82
— Viscosity, mPa�s, 8.6%e 2.132 2.070 2.361 2.347 1.977 2.087 2.088 2.081
Extract difference, % DM 2.24 1.88 3.24 3.04 1.66 2.07 2.07 1.99
Kolbach indice, % 35.01 43.53 56.99 56.72 36.08 39.73 45.00 39.37
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Hartong VZ 45°C, % 48.19 52.93 47.85 53.27 42.56 48.11 56.64 57.56
Test weight, kg/hl 79.3 77.0 74.8 75.9 78.5 77.3 78.7 78.1
Thousand-kernel weight, g DM 35.94 31.60 38.40 36.57 32.58 28.37 38.10 37.14

* DM — dry matter

Tab. 6 — Results of malt analyses obtained from triticale varieties with the addition of gibberellic
acid, crop 2007, Rimski Šanåevi location

Triticale sample
1 2 3 4 5 6 7 8

NST3/07 NST4/03 NST5/06 NST6/06 NST7/06 NST8/05 NST13/06 NST14/0 6

Malt analyses

Extract content, fine grist,
% DM* 83.73 85.68 86.98 85.28 83.51 86.48 83.50 81.57

— Saccharification. min < 10 < 10 < 10 < 10 < 10 < 10 < 10 < 10

— Wort clarity opal opal slightly
opal opal opal opal opal opal

— Filtration. min > 60 > 60 > 60 > 60 > 60 > 60 > 60 > 60
— Wort color, EBC units 13.0 11.0 10.0 10.0 6.5 8.5 7.5 8.5
— pH of wort 5.84 5.88 5.85 5.87 5.84 5.81 5.87 5.88
— Soluble nitrogen, mg/100 ml 102.20 121.80 124.60 107.10 113.75 144.90 108.15 129.50
— Soluble nitrogen, % DM 0.91 1.08 1.11 0.95 1.01 1.29 0.96 1.15
— Viscosity, mPa�s, 8.6%e 1.870 1.895 2.154 2.181 1.781 1.809 1.828 1.916
Extract difference, % DM 2.41 2.45 3.09 3.29 1.80 1.95 2.01 2.64
Kolbach indice, % 44.66 60.61 71.07 64.55 53.29 84.11 55.62 55.07
Hartong VZ 45°C, % 49.65 52.64 49.91 54.46 46.48 49.96 62.17 63.54
Test weight, kg/hl 51.3 51.3 51.2 52.5 48.5 51.0 51.4 51.7
Thousand-kernel weight, g DM 36.22 31.92 37.08 36.47 32.98 28.33 39.66 37.81

* DM — dry matter

CONCLUSIONS

All malt samples produced from different triticale varieties had high
extract content. Saccharification was under 10 minutes for all samples, which
indicates good activity of amylolytic enzymes. All produced triticale malt sam-
ples had high proteolytic degradation. Total degradation expressed as Hartong
index VZ 45°C was very good in all triticale malt samples.

The obtained results from triticale and triticale malt analysis, as well as
from micromalting confirmed that all triticale varieties could be considered as
barley malt replacement in beer production. Gibberellic acid had possitive in-
fluence on triticale grain degradation during micromalting.
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Rezime

Izvršena je analiza osam razliåitih sorti tritikalea iz selekcionih
ogleda, ÿetve 2007. godine, sa lokaliteta Rimski Šanåevi. Na osnovu analiza
uzoraka tritikalea, dobijenih sladova kao i tokom mikrosladovawa izvedeni su
zakquåci o tehnološkom kvalitetu ispitivanih sorti tritikalea. Ciq rada je
bio da se utvrdi da li giberelinska kiselina pozitivno utiåe na razgradwu
zrna tritikalea tokom mikrosladovawa. Izvršeno je mikrosladovawe pod stan-
dardnim uslovima i analizirani su dobijeni sladovi. U toku sladovawa dodata
je giberelinska kiselina u ciqu pospešewa razgradwe zrna tritikalea. Na
osnovu dobijenih rezultata moÿe se zakquåiti da sorta tritikalea ima najveãi
uticaj na kvalitet proizvedenog slada.
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EFFECT OF YEAST STORAGE TEMPERATURE
AND FLOUR COMPOSITION ON FERMENTATIVE

ACTIVITIES OF BAKER'S YEAST

ABSTRACT: Baker's yeast is a set of living cells of Saccharomyces cerevisiae. It
contains around 70—72% of water, 42—45% of proteins, around 40% of carbohydrates,
around 7.5% of lipids (based on dry matter), and vitamin B-complex. On the basis of yeast
cell analysis it can be concluded that yeast is a complex biological system which changes in
time. The intensity of the changes depends on temperature. Yeast sample was stored at 4°C
i 24°C for 12 days. During storage at 4°C, the content of total carbohydrates decreased
from 48.81% to 37.50% (dry matter), whereas carbohydrate loss ranged from 40.81% to
29.28% at 24°C. The content of trehalose was 12.33% in the yeast sample stored at 4°C
and 0.24% at 24°C. Loss of fermentative activity was 81.76% in the sample stored at 24°C
for 12 days. The composition of five samples of 1st category flour was investigated. It was
found that flours containing more reducing sugars and maltose enable higher fermentation
activities. The flours with higher ash content (in the range 0.5—0.94%) had higher contents
of phytic acid. Higher ash and phytic contents in flour increased the yeast fermentative
efficiency. In bakery industry, a range of ingredients has been applied to improve the pro-
duct's quality such as surface active substances (emulsifiers), enzymes, sugars and fats. In
the paper, the effect of some ingredients added to dough (margarine, saccharose, sodium
chloride and malted barley) on the yeast fermentative activity was studied. The mentioned
ingredients were added to dough at different doses: 0.5, 1.0, 1.5 and 2.0%, flour basis. It
was found that the investigated ingredients affected the fermentative activity of yeast and
improved the bread quality.

KEY WORDS: baker's yeast, fermentative activity, malted barley, margarine, sodium
chloride, saccharose

INTRODUCTION

The quality monitoring of wheat grains and wheat flour has been inten-
sively performed in order to assure good quality of bread and other bakery
products (P e j i n et al., 2007). The quality of grains and flour depends on
spontaneous (active and passive) chemical, physical, biochemical and micro-
biological processes which develop in the grains (G e s t e n k o r m et al.,
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1990). The grain composition is determined by variety, applied agro technical
measures and climatic conditions during vegetation. In the process of grain
milling, different types of flour are produced.

Wheat flour is the major ingredient in many products and consequently it
exerts a major effect on their quality. It is also a complex biological entity
and, as such, varies significantly with the source of the wheat. As a complex
system, wheat flour contains a multitude of compounds. These include: mois-
ture 14%, proteins 7—15% (albumins, globulins, prolamin, glutelin), starch
63—72% (amylopectin, amilose), non-starchy polysaccharides 4.5—5.0% (pen-
tosans and beta glucans), lipids 1%, as well as vitamins (thiamin, riboflavin,
niacin), minerals (iron, sodium, potassium, calcium, magnesium, copper, zinc)
(M i r i ã and P e j i n, 2008). Apart from the flour basic ingredients (wheat
flour, yeast, salt and water), a large number of optional ingredients such as su-
gar, hydrocolloids, skimmed milk, fat, acids, bran, emulsifiers and gluten are
included in bread formulation to improve its nutritional, shelf life and organo-
leptic properties (G u j r a l and S i n g h, 1999). All the ingredients have spe-
cific functions. Salt gives flavour to bread and also acts as a dough strength-
ener, but in concentrations over 1.5% exerts an inhibitory effect on yeast
activity, either by its osmotic pressure or by a specific chemical effect. Fat act
as a plasticizer, gives softness, improves volume and has anti-staling properties
when added to bread formula. Sugar (saccharose) positively affects the car-
bon-dioxide production in dough when added at 5% flour basis, however,
higher concentrations were found to decrease CO2 production by increasing the
osmotic pressure. Yeast is an indispensable ingredient in the production of
many bakery products. In bread production, yeast has three important func-
tions: it ferments the dough, modifies the dough structure and contributes to
the formation of flavour. During fermentation, carbon-dioxide modifies the
dough structure causing physico-chemical changes in gluten network and other
proteins giving the characteristic porosity of bread crumb. Glutation excreted
from yeast cells reduces the disulphide bonds in gluten thus improving dough
rheology properties. The formation of bread aroma depends on fermentation
processes in dough and conditions during baking. The fermentation by-pro-
ducts are numerous: esters, organic acids, alcohols and other carbonile com-
pounds and they have important role in the formation of bread aroma (P e j i n
et al., 2008).

The aim of the study was firstly to investigate the changes in the compo-
sition of yeast during storage under different conditions (12 days, at 4°C and
24°C). Another goal was to investigate how the changes in the composition af-
fected the fermentative activity of Saccharomyces cerevisiae. Four samples of
flour (A, B, C and D) were used in the experiment. The content of ash, wet
gluten, maltose and amylograph peak viscosity were determined to estimate
the a-amylase activity of the flour samples. The effect of flour quality cate-
gory (I, II and III category) on the yeast fermentative activity was also consi-
dered. The effects of some optional ingredients used in the bakery industry
(margarine, saccharose, salt, malted barley) on the yeast fermentative activity
and bread quality were also studied.
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MATERIALS AND METHODS

Materials

The examined wheat samples represented an average quality of wheat
harvested in 2008 and intended for production of bread flour (1st, 2nd and 3rd

category). Commercial baker's yeast Saccharomyces cerevisiae available on
domestic market was used for the determination of fermentative activity. Com-
mercially available, food-grade margarine, saccharose, malted barley and salt,
from domestic production were used.

Methods

Standard methods, according to the Regulations on methods of physical
and chemical analyses for quality control of wheat, were used to determine the
quality of milling and bakery products, pasta and frozen dough (Pravilnik o
metodama fiziåkih…, 1988). Phytic acid content in flour was determined by
the method for rapid determination according to H a u g and L a n t z s c h
(1983). Fermentative activity of yeast in dough was determined as a volume of
carbon dioxide produced during 2 h per one gram of dry matter (K a l u ð e r -
s k i and F i l i p o v i ã, 1998). The content of total carbohydrates and tre-
halose was determined according to the modified method described by T r e -
v e l y a n and H a r r i s o n (1979).

RESULTS AND DISCUSSION

The dependence of baker's yeast composition on storage time and tempe-
rature is presented in Table 1.

Tab. 1 — Influence of temperature and duration of storage on yeast composition

Days

Total carbohydrates
(% dry matter)

Trehalose
(% dry matter)

Proteins
(% dry matter)

Yeast stored
at 4°C

Yeast stored
at 24°C

Yeast stored
at 4°C

Yeast stored
at 24°C

Yeast stored
at 4°C

Yeast stored
at 24°C

0 40.81 40.81 12.33 12.33 43.20 43.20
2 40.69 40.47 12.26 9.85 43.15 41.07
6 40.36 40.33 12.15 9.60 43.14 39.28
8 38.14 31.24 10.80 0.49 43.12 37.92

12 37.50 29.28 9.68 0.24 43.10 36.98

According to the results, over the given period of time, the protein con-
tent decreased by 0.1% and content of total carbohydrates decreased by 3.31%
in the yeast stored at 4°C. The loss of trehalose content was 2.65%. All these
indicated that the storage at 4°C did not affect the yeast protein content but
decreased the total carbohydrate content, presumably due to cell respiration
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and consequent decomposition of these compounds (P e j i n et al., 2005).
When yeast was stored at 24°C the content of total carbohydrates was lowered
by 11.56%, trehalose by 11.09% and proteins by 7.22%. Such massive decrea-
ses were caused by the temperature increase. Higher temperature intensified
the cell respiration and enzyme activities enabling rapid decomposition of re-
serve carbohydrates and proteins in the cells (V a n D i j c k et al., 1995).

Figure 1 represents the effect of temperature and storage period on the
fermentative activity of baker's yeast.

Fermentative activity of baker's yeast was strongly influenced by storage
temperature and period especially at higher temperatures (Fig. 1). The prolon-
gation of storage period at 24°C caused a constant decrease in the fermentation
activity. After 12 days, the fermentation activity was 22 ml/g dry matter. CO2
whereas yeast stored at 4°C had activity of 1150 ml/g dry matter. This means
that higher storage temperature caused 5.45-fold decrease in the fermentative
activity. This can be explained by the fact that storage at this temperature dec-
reased the protein content from 43.20% to 36.98% (Tab. 1). The observed in-
fluence of protein content in yeast cells and their fermentative activity is in
agreement with the findings of Š v e c and H r u š k o v a (2004). It was also
observed that trehalose content influenced the yeast fermentative activity. The
yeast with lower trehalose content (0.24%) had very low activity (220 ml
CO2/g dry matter). According to the results of V a n D i j c k (1995), treha-
lose protects yeast cells from stress. They concluded that trehalose content
over 10% provides efficient beginning of fermentation.

Further investigations included testing five samples of wheat flour type
500. The quality parameters of the samples are given in Table 2. The flour
samples had low ash contents and were all classified into B1 quality group.
The sample A had the lowest wet gluten content (24%), the lowest reducing
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sugar content (1.94%), maltose content (0.51%) and peak viscosity (675 B.U.).
The highest in reducing sugar content (2.96%), maltose content and peak
viscosity was the flour sample D. Although classified in the same quality
group, there were differences in the other quality parameters within the flour
samples. High values for maltose content and peak viscosity imply to increa-
sed a-amylase activity. a-Amylase degrades starch to maltose which is neces-
sary for the activity of yeast cells (P a n d e r o et al., 2005).

The fermentative activities of the two yeast samples attained for the flour
samples of different quality are presented in Fig. 2. It was observed that the
yeast 1 produced the lowest activity in all flour samples as compared to the
yeast 2. It was also found that higher contents of maltose and reducing sugar
in flour (samples D and E) enhanced the fermentative activities of both yeast
samples. This is due to the fact that higher sugar contents enabled yeasts to
produce more CO2.

Tab. 2 — Technological parameters of flour quality

Flour
sample

Ash
(% dry matter)

Wet gluten
(%)

Reducing sugars
(% dry matter)

Maltose
number

Maximum
viscosity (AJ)

A 0.55 24.0 1.94 0.51 675
B 0.40 30.0 2.70 1.03 965
C 0.48 29.0 2.83 1.19 1935
D 0.42 27.0 2.96 1.16 2100
E 0.39 29.0 2.83 1.13 1800

It was also examined how flours of different quality classes (1st, 2nd and
3rd) affected the fermentative features of baker's yeast.

309

Fig. 2 — Influence of Ist category bread variety on yeast fermentative activity



Table 3 contains the quality parameters of flours belonging to the three
quality classes. For each quality class, two samples of flour with varying con-
tent of phytic acid were analyzed. The first flour sample from the 1st class had
ash content of 0.50% and phytic acid content 6.64 mg/g dry matter whereas
the second sample had ash content of 0.47% and phytic acid 4.25 mg/g dry
matter. This indicated that flours containing more ash also contain more phytic
acid. The enhancement of fermentative activity in flours with increased phy-
tic content is the result of enzymatic degradation of phytic acid in dough du-
ring fermentation. Phytase degrades phytic acid to m-inositole and phosphate
(F r e t z d o f f, B r u m m e r, 1992; H a r a l d s s o n et al., 2005; F e b l e s
et al., 2002). The flours from 2nd and 3rd quality class also had two samples
with varying content of phytic acid. The results proved the positive correlation
between the higher phytic acid content in flour and fermentative activity of
yeast.

Tab. 3 — Influence of different flour categories on baker's yeast fermentative activity

Parameter 1st category flour 2nd category flour 3rd category flour

Ash (% dry matter) 0.50 0.47 0.59 0.59 0.91 0.94
Wet gluten (%) 25.70 28.50 29.40 28.10 31.20 28.70
Maximum viscosity (AJ) 530 645 540 730 730 410
Phytic acid (mg/g dry matter) 6.69 4.25 2.31 8.00 7.42 6.65
Fermentative activity
(mL CO2/g dry matter) 885.73 765.89 820.13 892.84 899.82 931.22

In order to improve the quality of bread and bakery products, manufactu-
rers include various optional ingredients that modify the baking performance
of wheat flour. The choice of improver depends on the chemical, biochemical
and technological quality of flours and the desired attributes of end-products
( B e l e s l i n, 1980). These ingredients are supposed to influence the fermen-
tative activity of yeast. The effect of most commonly used bakery ingredients
(margarine, saccharose, salt and malted barley) on yeast fermentative activity
was examined. The following doses were used: 0.5, 1.0, 1.5 and 2.0% flour
basis. The obtained results are displayed in Table 4.

Tab. 4 — Influence of additives in dough on baker's yeast fermentative activities

Additive % of additive
in flour

Fermentative activity
(mL CO2/g dry matter)

Bread volume
(mL)

0 — 1053 650

Margarine

0.5 1194 670
1.0 1149 780
1.5 1119 700
2.0 1118 700

Maltex

0.5 1164 670
1.0 1198 720
1.5 1264 780
2.0 1273 830
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Saccharose

0.5 1180 670
1.0 1192 700
1.5 1257 780
2.0 1278 850

NaCl

0.5 1110 630
1.0 970 640
1.5 820 590
2.0 760 500

Analysing the given data, it could be concluded that margarine at 0.5 and
1.0% positively influenced the yeast fermentative activity and bread quality
(specific volume and penetrometer number) whereas higher doses impaired
these parameters. Malted barley was found to positively influence the fermen-
tative activity and bread quality at all investigated doses. The composition and
enzyme content of malted barley enables more efficient starch degradation in
dough providing yeast with products easy to metabolise which favour CO2

production and fermentation. All tested doses of saccharose positively affected
the fermentation activity and bread quality. Close contact of yeast cells with
sodium chloride may cause cells to lose free water which results in the death
of cells (S e k u l i ã, P o p o v i ã, 1996). From the data presented in Table 4, it
is evident that sodium chloride exerted an inhibitory effect on the fermentative
activity. Similar findings were reported by B a k e r et al. (1986).
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NA FERMENTACIJU PEKARSKOG KVASCA
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Sunåica D. Kociã-Tanackov
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Bulevar cara Lazara 1, 21000 Novi Sad, Srbija

Rezime

Pekarski kvasac je skup ÿivih ãelija Saccharomyces cerevisiae. On sadrÿi
oko 70—72% vode, 42—45% proteina, oko 40% ugqenih hidrata, oko 7,5% lipi-
da (raåunato na suvu materiju) i vitamina V-kompleksa. Na osnovu sastava ãeli-
ja moÿe se zakquåiti da su ãelije kvasca sloÿen biološki sistem koji se mewa
sa vremenom. Intenzitet promena zavisi od temperature na kojoj se kvasac åuva.
Uzorak kvasca åuvan je 12 dana na 4°S i 24°S. Sadrÿaj ukupnih ugqenih hidrata
u kvascu åuvanom na 4°S tokom 12 dana smawio se od 48,81% na 37,50% u suvoj
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materiji, a kod kvasca åuvanog na 24°S sadrÿaj ukupnih redukujuãih ugqenih hi-
drata smawio se od 40,81% do 29,28 %. Sadrÿaj trehaloze kod kvasca åuvana na
4°S je bio 12,33%, a na 24°S je bio 0,24%. Kvasac åuvan na 24°S tokom 12 dana
izgubio je 81,76% fermentativne aktivnosti. Ispitivan je sastav pet uzoraka
brašna ¡ kategorije i rezultati fermentativnih snaga sa dva uzorka kvasca su
pokazali da brašna sa višim sadrÿajem redukujuãih šeãera i maltoze daju vi-
še vrednosti fermentativnih snaga. Brašna sa višim sadrÿajem pepela (od
0,5 do 0,94%) sadrÿala su više fitinske kiseline. Sa povišewem sadrÿaja pe-
pela i fitinske kiseline rasla je i fermentativna snaga kvasca. U pekarskoj
proizvodwi, u ciqu poboqšawa kvaliteta unose se u testo površinski aktivne
materije (emulgatori), enzimi, šeãeri, masnoãe. U radu je ispitivan uticaj
margarina, saharoze, natrijum hlorida i malteksa na fermentativne aktivnosti
pekarskog kvasca. Navedeni dodaci dodavani su u sledeãim koncentracijama:
0,5; 1,0; 1,5 i 2,0% na brašno. Takoðe je ispitano kako promene brzine mešewa
testa utiåu na fermentativne aktivnosti pekarskog kvasca. Svi ispitivani do-
daci u svim ispitivanim sadrÿajima nepovoqno utiåu na fermentativnu ak-
tivnost kvasca, a povoqno utiåu na kvalitet proizvedenog hleba.
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ETHANOL PRODUCTION USING
SACCHAROMYCES CEREVISIAE CELLS IMMOBILISED

ON CORN STEM GROUND TISSUE

ABSTRACT: Cell immobilisation in alcoholic fermentation has been extensively stu-
died during the past few decades because of its technical and economical advantages over
those of free cell systems. A biocatalyst was prepared by immobilising a commercial
Saccharomyces cerevisiae strain (baker yeast) on corn stem ground tissue for use in alco-
holic fermentation. For this purpose, the yeast cells were submitted to the batch tests “in
situ" adsorption onto pieces of the corn stem ground tissue. Cells immobilisation was
analysed by optical microscopy. It was determined that the addition of the corn stem ground
tissue led to an increase of the pH value, total dissolved salts content, and sugar content in
fermentation medium. The addition of 5 and 10g of the corn stem ground tissue per liter of
medium, increased ethanol yield, decreased amount of residual sugar and the cells immo-
bilisation was effective. Corn stem is one of the abundant, available, inexpensive, stable,
reusable, nontoxic celulosic biomaterial with high porosity, which facilitates the transmis-
sion of substrates and products between carrier and medium. The prepared immobilised
biocatalyst showed higher fermentation activity than free cells. The results indicate that
corn stem might be an interesting support for yeast cell immobilisation, and also a cheap al-
ternative recourse of mineral components with possibility of application for improving etha-
nol productivities.

KEY WORDS: corn stems ground tissue, ethanol, fermentation, immobilization, yeast

INTRODUCTION

In recent years, cell immobilisation techniques have become increasingly
important and are being successfully applied in production of alcohol (ethanol,
butanol and isopropanol), organic acids (malic, citric, lactic and gluconic
acids), enzymes (cellulase, amylase, lipase and others), and biotransformation
of steroids for wastewater treatment, and food applications (beer and wine)
( R e d d y et al., 2008). Yeast cell immobilisation method by surface adsorp-
tion, seem to be more reasonable than other methods (“entrapment within a
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porous matrics", “containment behind a barrier" and “self aggregation"), be-
cause of the fact that the yeast cell growth is not significantly affected, and
some yeast cells can be washed out of the fermentation system and be con-
tinuously renewed. In addition, such supporting materials are readily cleaned
and microbial contamination can be effectively prevented (B a i et al., 2008,
V e r b e l e n et al., 2006). Cells have been immobilised by the surface ad-
sorption on a variety of natural and synthetic supports (Y u et al., 2007). The
main factor that influences the immobilisation behaviour of the yeast cells and
their productivity are thought to be the surface characteristics of the carrier in-
cluding pore size, water content, hydrophilicity and magnetism (F u j i et al.,
1999). Much of the nutrient material is stored in parenchyma cells of the corn
stems. Corn stems remaining in the field after harvest contain 43% poly-
saccharide consisting mainly of cellulose and hemi cellulose, 29% lignin, 7%
proteins, 5% ash, and 16% others (B e l t r o n - G a r c i a et al., 2001). The
corn stem ground tissue consists of parenchymatous cells, and has honeycomb
microstructure (B a t t a c h a r y a and H e n r i c h, 2006). Corn stem is a low
cost, environmentally friendly, sustainable and abundantly available lignocellu-
losic raw material in many world regions (F u j i et al., 1999; R e d d y and
Y a n g, 2005; T h a m a e et al., 2008). Corn stem is one of the most promi-
sing renewable feedstock, not only for the biological conversion to fuels and
chemicals, but also as a forage for ruminants (A n d e r s o n and A k i n,
2008), and a source of fibers for manufacturing pulp for paper (R e d d y and
Y a n g, 2005). The aim of this study was to immobilise Saccharomyces cere-
visiae cells on corn stem ground tissue and evaluate the biocatalyst produced
for efficiency to perform alcoholic fermentation.

MATERIAL AND METHODS

Corn stalks of NS 640 maize hybrid were collected from ready-to-harvest
corn fields from Budisava site, Republic of Serbia. In order to increase speci-
fic surface area of the carrier, the stalks were manually cleaned to separate the
fibrous tissue and nodes from the pith tissue (R e d d y and Y a n g, 2005).
The outer ring was easily peeled by knives from the pith (T h a m a e et al.,
2008). The corn stem ground tissue of the above ground internodes (7th—10th),
cut into slices with a diameter 1.5—2 cm (width) and 0.5 cm long, with
density 0.05 g/cm3, and 8.81% measure content, was used as a support mate-
rial (B r á n y i k et al., 2005; J u n g and C a l s e r, 2006, V a s c o n c e l o s
et al., 2004). The synthetic culture medium used for the fermentation consisted
of (g/l) 76.5 g/l glucose, 1(NH4)2SO4, 1KH2PO4, 5MgSO4 and 4 yeast extract,
and the pH was adjusted at 4.5 by the addition of H2SO4 prior to sterilisation.
The fermentation medium in the absence and presence of 10 g/l of support
was sterillised by autoclaving at 120°C for 30 min. Active microorganism was
a commercial Saccharomyces cerevisiae strain (Alltech-Fermin, Serbia), com-
monly used in Serbian baking industry, in the form of pressed blocks (70%
w/w moisture) (P l e s s a s et al., 2007). An amount of 40 g of wet pressed
yeasts was suspended in 200 ml sterilised 0.9% NaCl solution. In order to
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obtain continually the same inoculums, the yeast cell concentration in this sus-
pension was determined by Neubauer camera counting and then, the appro-
priate aliquots were added to the fermentation medium (V a s c o n c e l o s et
al., 2004). All the fermentations were performed in duplicate, under anaerobic
conditions at 30°C, in 500 ml Erlenmeyer flasks containing 200 ml of the
same medium, inoculated with 1 ± 0.1 x 108 yeast cells/ml. The flasks were
maintained in rotary shaker at 120 rpm for 72 h (S a n t o s et al., 2008).

Fermentation kinetics were monitored by measuring the weight of pro-
duced CO2, residual sugars and ethanol concentration of the fermenting liquids
at various time intervals (3, 6, 9, 24, 48 and 72 h from the beginning of fer-
mentation). The concentrations of ethanol and residual sugar were measured
spectrophotometrically (P a r m a n i k, 2004). Ethanol was determined by mea-
suring optical density at 600 nm after standard distillation using dichromate
solution (C a p t u i et al., 1968). Residual sugar was determined by 3,5-dini-
trosalicylic acid (DNS) method (M i l l e r, 1958).

In order to examine the influence of carrier addition on chemical compo-
sition of the fermentation medium, a set of extraction experiments was per-
formed following the fermentation procedure, only without the addition of
yeast cells. For this purpose the corn stem pith was ground on a laboratory co-
nical mill Miag-Braunschweig, type Doxy 71b/4 at 1375 r/min, until the par-
ticle size was less than 1000 µm. pH value, conductivity, total dissolved salts
content from the synthetic medium in the absence and presence of and 10 g/l
of support were monitored by a laboratory multiparametar analyzer Consort
C863 (Consort, Belgium) and sugar content was determined by DNS method
at the certain time intervals following the fermentation media sampling.

Carl Zeiss optical microscope connected to a Cannon S50 camera was
used to capture yeast cells immobilised onto corn stem ground tissue. The
mass of cells adsorbed onto the support particles was quantified by gravimetric
method (S a n t o s et al., 2008) using analytical balance; model Tehtnica
Sauter, Type 414, Slovenia. Cell retention onto the corn stem ground tissue
(R, g/g) was calculated as the ratio of dry mass of cells immobilised in the
carrier (g) to the carrier mass. The immobilisation efficiency (Yi, g/g) was cal-
culated as the ratio of dry mass of cells immobilised in the carrier (g) to the
dry mass of total cells (g).

RESULTS AND DISCUSSION

After autoclaving and 24 h of extraction, considering the carrier addition
of 5 and 10 g per liter of the synthetic medium, the values of the following
parameters increased: the sugar content by 2.1 and 10.2 g/l, pH value by 0.4
and 0.8 units, conductivity by 90 and 190 mS/cm and total dissolved salts con-
tent by 40 and 90 g/l respectively, and with no further change in time.

The addition of 5 and 10 g of the corn stem ground tissue per liter of me-
dium decreased the amount of residual sugar (Fig. 1a). The results presented at
Fig. 1a suggest that immobilised cells consume almost all available sugar du-
ring the first 24 h of fermentation. The ethanol concentrations by the end of
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the fermentation were 4.91% (v/v) for free cells and 5.03% (v/v), 5.1% (v/v)
for immobilised cells by the addition of 5, 10 g/l carrier, respectively (Fig. 1a).
An increase in the ethanol concentration, especially in the sample with 10 g/l
of the corn stem pith per liter of medium (Fig. 1a), is probably caused by the
fermentation of small amounts of sugar extracted from the carrier. The dyna-
mics of CO2 production was in correlation with the ethanol production. Low
fermentation times indicated that no period was needed for adaptation of
biocatalyst in the fermentation environment. The immobilised yeast showed an
important operational and stability without any decrease of its activity. The ob-
served pH behavior during the fermentation (Fig. 1b) was, indeed, expected
considering the established alkaline nature of the examined carrier.

The immobilisation efficiency (Yi) and retention (R) of S. cerevisiae cells
by prepared corn ground tissue increased along the fermentation, reached
maximum values (Yi = 0.13 g/g, R = 0.23 g/g for the addition of 5 g/l carrier;
Yi = 0.21 g/g and R = 0.24 g/g for the addition of 10 g/l carrier) after 9h and
then decreased (Fig. 2). Cell immobilisation was presented by optical micro-
graphs (Fig. 3) showing that yeast cells are densely and homogenously ad-
hered onto the surface of the carrier, as a result of natural entrapment into the
honeycomb cellulosic material of parenchymatous tissue and physical adsorp-
tion by electrostatic forces or covalent binding between yeast cell membrane
and the carrier. As it is demonstrated by the uniform cell growth onto the sur-
face of corn stem parenchymatous cells walls (Fig. 3), the cells immobilisation
was effective, suggesting possible recycling of cells in repeated batch runs,
also taking into account that cells grow even after 72 h of fermentation
(Fig. 3b).
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Fig. 1 — a) Residual sugar and ethanol concentration versus fermentation time,
b) Variation of pH during the fermentation time
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Fig. 2 — Cell retention (R, g/g) and immobilisation efficiency (Yi, g/g) versus
fermentation time

Fig. 3 — Optical microphotograph of Saccharomyces cerevisiae cells (400 x) immobilised
onto corn stem ground tissue done after: a) 9 h and b) 72h of fermentation.



Tab. 1 — Fermentation parameters (average values) obtained in batch fermentations with Saccha-
romyces cerevisiae cells immobilised on various carriers, at 30°C

Carrier Medium

Initial

sugar

(g/l)

Ferm.

Time

(h)

Residual

sugar

(g/l)

Ethanol

(g/l)

Ethanol

produc-

tivity

(g/ld)

Con-

version

(%)

Mineral kissiris
(K a n a et al., 1989) Glucose 113 16 7.5 48 74.3 93.4

Delignified cellulosic
materials (I c o n o m o u
et al., 1996)

Molasses/
sucrose 172 36 10.2 104 69.3 94

Glucose 350 67 68 144 51.5 80.5

Gluten pellets
(B a r d i et al., 1996)

Glucose 119 15 12.5 39.5 63.2 89.5
Grape must 206 17 18.9 83.7 118 90.1

Dried figs (B r k a t r o u
et al., 2002)

Wort 129 18 0 47.4 64 100
Glucose 120 45 1.4 45 24 98

Quince pieces
(K o u n t i r a s et al.,
2003)

Grape must 185 28 0.1 84 72 99.9

Apple pieces
(K o u n t i r a s et al.,
2001)

Grape must 206 80 30.8 85 26 85

Orange peel
(P l e s s a s et al.,
2007)

Glucose 125 9 4 51.4 128.3 96.8
Molasses/
sucrose 128 14 2 58.9 100.1 98.4

Raisin
extract 124 12 2.3 55.3 110.4 98.1

Watermelon rind pieces
(R e d d y et al., 2008) Grape must 202 64 tr 87.0 45.8 100

Corn ground tissue
(5 g/l) present study Glucose 78.6 24 1.4 38.6 38.6 98.2

Corn ground tissue
(10 g/l) present study Glucose 86.7 24 1.4 39.6 39.6 98.4

The biocatalyst was equally efficient for alcoholic fermentation, with
other biocatalysts prepared by yeast immobilisation on natural, food grade ma-
terials that have been extensively studied, such as dignified cellulosic mate-
rials, gluten pellets, pieces of fruit etc. (Table 1) (P l e s s a s et al., 2007;
R e d d y et al., 2008). The results demonstrated that the corn stem pith could
be alternative resourse of mineral components and also an interesting support
for cell immobilisation, with possibility of application for improving ethanol
productivities. The prepared immobilised biocatalyst showed higher fermen-
tation activity compared to free cells. The advantage of the corn ground tissue
as yeast cells carrier is high porosity, which facilitates the transmission of sub-
strates and products between carrier and medium. Still it is necessary to make
more detailed studies to clarify the mechanism of S. cerevisiae cells attach-
ment and deattachment from support particle. Further investigation on specific
food applications using this biocatalyst would be interesting.
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PROIZVODWA ETANOLA POMOÃU ÃELIJA
SACCHAROMYCES CEREVISIAE IMOBILISANIH NA

PARENHIMSKOM TKIVU STABQIKE KUKURUZA

Vesna M. Vuåuroviã*, Radojka N. Razmovski, Stevan D. Popov

Tehnološki fakultet, Univerzitet Novi Sad, Bulevar Cara Lazara 1,
21000 Novi Sad, Republika Srbija

Rezime

Primena imobilisanih ãelija u alkoholnoj fermentaciji je veoma aktuel-
na istraÿivaåka tematika, usled mnogobrojnih tehniåkih i ekonomskih predno-
sti u odnosu na fermentaciju pomoãu slobodnih ãelija. U ovom radu je ispitana
moguãnost primene imobilisanih ãelija kvasca Saccharomyces cerevisiae na pa-
renhimskom tkivu kukuruzovine, u alkoholnoj fermentaciji. Proces imobiliza-
cije ãelija praãen je optiåkim mikroskopirawem i merewem suve materije imo-
bilisanog kvasca. Ustanovqeno je da dodatkom nosaåa u fermentacionu podlogu
raste pH vrednost, kao i sadrÿaj soli i šeãera usled ekstrakcije ovih kompo-
nenata iz kukuruzovine. Dodatkom stabqike kukuruza u koliåini 5 g i 10 g na
litar podloge za fermentaciju ostvaruju se viši prinosi etanola, visok stepen
konverzije šeãera, veãa brzina fermentacije, postiÿe se visok stepen imobi-
lizacije ãelija kvasca. Stabqika kukuruza je raspoloÿiv, jeftin, stabilan, po-
novno upotrebqiv, netoksiåan i mehaniåki stabilan celulozni biomaterijal
visokog stepena poroziteta koji olakšava prenos mase supstrata i produkata
izmeðu medijuma i nosaåa. Rezultati ovog rada ukazuju na åiwenicu da je sta-
bqika kukuruza efikasan nosaå za imobilizaciju ãelija kvasca, ali takoðe i
dodatni izvor hrawivih materija neophodnih kvascu tokom fermentacije, åija
je primena u proizvodwi etanola ekonomski i ekološki opravdana.
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