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INTRODUCTION

Fungi and their toxic metabolites — mycotoxins — are of extraordinary
significance for the living world. In their constant circling in nature from soil,
water and air, through plants and animals, they reach man, often causing
drastic effects with unpredictable consequences. Toxic fungi and mycotoxins
cause different diseases in plants, animals and people in all parts of the world,
including our country. They are frequent causes of healthy unsafe food-stuffs
and animal feed, thus directly influencing the health of people and animals.
For those reasons all new knowledge about toxigene and pathogene fungi and
their metabolites is very useful.

However, in that variety of fungi there are also some species useful for
man. Using them since past times and improving technological methods in
which these microorganisms take part, year by year in a modern world there
are produced great variety of products which make life easier, nicer and richer
for a modern man. In the general sense of the word, all that represents the sco-
pe of mycology.

By all its aspects, biotechnological, mycotoxicological, ecological and
other, mycology gather researchers of different profiles with the intention of
obtaining more comprehensive and exact data, primarily for the sake of human
health.

In this Collection of Papers for Sciences of Matica srpska the majority of
papers to be presented at the scientific meeting have been published. The re-
maining papers will be published in the next Collection volume or another
adequate journal.

The members of the Organizing Committee of The first scientific meeting
MYCOLOGY, MYCOTOXICOLOGY AND MYCOSES with international par-
ticipation express profound gratitude to all those who financially supported or-
ganization and holding of this scientific meeting.

The second scientific meeting MYCOLOGY, MYCOTOXICOLOGY AND
MYCOSES with international participation is organized within Department of
Sciences of Matica srpska, and held from 18—20 April 2007 in Matica srpska,
Novi Sad.

President of the Organizing Committee
Professor Marija Skrinjar, Ph.D.
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THE CONTENT OF DEOXYNIVALENOL AND
ZEARALENONE IN CERTAIN PARTS OF FUSARIUM

INFECTED WHEAT HEADS

ABSTRACT: During the year 2006, climatic conditions were favourable for the appe-
arance of head blight in the majority of localities in which wheat was grown in our country.
In the locality of Apatin, in certain plots, the amount of detected infection was up to 25 in-
fected heads per m2. During the harvest, heads with distinct disease symptoms and sporula-
tion of Fusarium graminearum fungi were gathered. Grains from the parts of heads with
manifested disease symptoms were separated into separate samples, together with the grains
above and below the infested head part. Apart from ocular evaluation, the percentage of
grain infestation by Fusarium genus fungi was determined in all three sample categories,
using wet chamber method. Deoxynivalenol (DON) was determined in the samples after
extraction, using acetonitrile-water (84:16, v/v) solution. Quantitative amount of DON was
determined using liquid chromatography with DAD detector at 220 nm. The content of
DON in the samples was as follows: grains with manifested disease symptoms 353,4 ppm
(mg/g), grains above the infested head part 0,225 ppm (mg/g), grains below the infested part
0,125 ppm (mg/g). The content of zearalenone in the samples was determined using thin
layer cromatography method. This toxic agent was determined only in the samples taken
from the head part in which disease symptoms were clearly manifested in the amount of 2,1
ppm (mg/g).

KEY WORDS: deoxynivalenol, Fusarium head blight, Fusarium graminearum, zea-
ralenone

INTRODUCTION

Wheat heads, in our agroecological conditions, are often exposed to the
Fusarium genus fungi infection which causes Fusarium head blight. Apart
from inevitable decrease in yield, mycotoxins, that are almost always produced
by these fungi in the infested grains, represent the greatest danger for humans
and animals. Apart from Fusarium genus, also developed on the grain, there
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are numerous saprophytic fungi from the genera of Alternaria, Mucor, Bipola-
ris, Epicoccum, Cladosporium, Penicillium, Stemphylium etc., which, by their
enzymatic activity, destroy proteins and in great degree decrease the technolo-
gical quality of the product (C l e a r and P a t r i c k, 1993; Š a r i ã et al.,
1997; K o r o n a et al., 1995; C s o s z, 2002; B a g i et al., 2004; B a g i et
al., 2005; B a l a ÿ et al., 2006).

Among fungi which are regularly isolated from wheat seeds, it is well
known that toxins are produced by species belonging to genera of Fusarium,
Aspergillus, Penicillium, Alternaria, Mucor, Rhizopus, Streptomyces etc. Among
toxins produced by Fusarium genus species, the most frequent and the most
important ones, in a great number of agricultural products, are deoxynivalenol
(DON) and zearalenone (ZEA) toxins, which are known to cause serious he-
alth problems to people and animals (P e r a i c a et al., 1999; S c h n e r r et
al., 2002; S u n d s t o l E r i k s e n, 2003).

The aim of this work was to determine the presence and concentration of
toxins in the infested grains taken from the head part with clearly manifested
Fusarium head blight symptoms, as well as in grains from the head parts abo-
ve and below the manifested symptoms. In the part of an intensively infested
head, to a greater or lesser extent, shrunk grains were formed which are, toget-
her with chaff, partially removed during the harvest. However, from the point
of view of food safety, it is extremely important whether DON or ZEA are ac-
cumulated in other parts of the head, where grains are formed, and which are
then combine harvested and transferred into food.

MATERIAL AND METHODS

The intensity of Fusarium head blight infestation, during the vegetative
period of 2005/06, was monitored in the locality of Apatin on Renesansa
variety. Meteorological factors are represented in Table 1, according to deca-
des, in the period from March to July, when they could affect the intensity of
the occurrence of this disease. Crops preceding wheat on the plot were: sugar
beet in 2002, wheat in 2003, corn in 2004, sunflower in 2005.

Tab. 1 — Meteorological factors in the locality of Sombor (from April to June 2006)

Month Decade Temperature (°C) The amount of precipitation (mm)

March I 2.0 6.2
II 2.5 22.4
III 10.6 22.5

Average 5.2 51.1

April I 10.4 32.5
II 12.0 74.5
III 15.9 0.0

Average 12.8 107

May I 13.2 10.9
II 17.5 7.8
III 18.0 35.4
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Average 16.2 54.1

June I 13.1 73.2
II 21.7 13.4
III 25.3 14.0

Average 20.0 100.6

July I 22.0 22.8
II 23.2 2.8
III 25.7 24.9

Average 23.7 50.5

The evaluation of the intensity of head infestation was done in June 20,
2006, in the pheno-phase of early waxy ripeness (scale BBCH 7.77), when the
average number of infested heads was determined on the sample of 600
heads/m2, at four randomly chosen places on the plot.

Heads with symptoms of Fusarium head blight were gathered during the
wheat harvest (July 10, 2006). Determination of Fusarium head blight causal
agent was conducted using method by B u r g e s s et al. (1988). In the grea-
test number of cases, infection by the fungus was determined in the mid-plant
parts of the head. By separating the infested part from the non-infested upper
and lower head parts, three grain categories were formed in order to investiga-
te the presence and content of mycotoxins. Apart from ocular separation, seed
infestation was also determined using the method of incubation in moist cham-
ber (P i t t and H o c k i n g, 1985).

The content of deoxynivalenol (DON) in grains from different parts of
ear, was determined by method of liquid chromatography (HPLC). The sam-
ples were ground, homogenized, and 25.0 g of the sample were extracted with
100 cm3 of CAN-water (84:16, v/v). six cm3 of crude extract was cleaned up
on CACC column (activated charcoal — alumina — Celite — cation exchange
resin). The cleaned up extract was evaporated to dryness, dissolved in 3 cm3 of
ethyl acetate, and quantitatively transferred to an evaporation vessel by triple
washing with 1.5 cm3 the ethyl acetate (J a j i ã, 2004). The eluate was evapo-
rated to dryness only. The purified, evaporated residue was redissolved in 300
ml of methanol, and a 15 ml of aliquot solution was injected into the LC
system under the following chromatographic conditions: mobile phase, a mix-
ture of solvents ACN-water (16:84, v/v), l = 220 nm, flowrate 0.6 cm3/min.
Calibration curves used for quantitative determination were constructed on the
basis of the area under DON chromatographic peaks, using standard working
solutions.

The content of zearalenone was determined by thin layer chromatography
(TLC) method. Extraction and purification were performed according to B a l -
z e r et al. (1978) method. Evaporated residue was redissolved in 100 ml of
chloroform. 10, 25 and 50 ml of extract were applied to the plate using a mic-
ropipette, along with 10, 15, 25 and 50 ml of standard zearalenone solution
(C = 5 mg/cm3). Quantitative determination was based on the comparison of
fluorescence intensity of sample spots and standard solution spots.
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RESULTS

The average intensity of Fusarium head blight intestation in the locality
of Apatin was 24,25% (Table 2), which is considerably more than the intensity
of infection in average years (B a g i, 1999).

Tab. 2 — The intensity of Fusarium head blight infestation in the locality of Apatin in 2006

Number of infested heads/m2

Replication

I II III IV X

Infestation intensity 25 26 27 19 24,25

Based on morphological and breeding characteristics of isolates from the
infested heads on PDA and CLA substrates, Fusarium graminearum fungus
was determined. Grain infestation, according to the investigated categories,
was determined using the wet chamber method (Table 3).

Tab. 3 — The infestation of grains taken from different head parts

Sample The percentage of
F. graminearum infestation (%)

Grains from the head part with manifested disease symptoms 100
Grains from the head part above the infested spot 5
Grains from the head part below the infested spot 2

The content of deoxynivalenol in the samples was as follows: grains with
manifested disease symptoms 353,4 ppm (mg/g), grains above the infested
head part 0,225 ppm (mg/g), grains below the infested head part 0,125 ppm
(mg/g). The presence of zearalenone was determined in the grain samples from
the head part in which symptoms were clearly manifested in the amount of 2,1
ppm (mg/g).

DISCUSSION

Mycotoxins in groceries represent serious threat to human and animal he-
alth (H a r i s et al., 1999; Š k r i n j a r et al., 2005). The types and quantities
of toxins formed in the cereal grains infested by Fusarium genus fungi depend
on the fungus type and isolate, the time when the infestation appeared, grain
crops genotype, as well as on the environmental conditions, above all tempera-
ture and humidity (P e r k o w s k i et al., 1995; B o å a r o v - S t a n å i ã, A.
1996; B a g i et al., 2000; P a u l et al., 2005). Among numerous toxins,
extremely important are the ones belonging to the group of trichothecene,
which include DON as well as zearalenone. Correlation was determined be-
tween the formation of DON toxin and the degree of pathogenicity of F. gra-
minearum isolate, which indicates the role of DON in the isolate virulence
( H a r r i s et al., 1999; G o s w a m i and K i s t l e r, 2005). It is considered
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that zearalenone is an estrogenic toxin which affects the formation of fruiting
stadium of F. graminearum (H o m d o r k et al., 2000).

The length of the period over which Fusarium genus fungi could infect
heads, depends predominantly on climatic conditions during sensitive wheat
phenophase, which lasts for about ten days, starting from the beginning of blo-
oming to the grain formation (B a l a ÿ, 1987). In spikelets infected at the mo-
ment of blooming, grains are not formed, and in spikelets in which at the mo-
ment of infestation grain was developed to a certain degree, shrunk, poorly fil-
led grains appear. Shrunk grains also appear in case that fungus infests head
spindle, in the head part above the manifested spot. Most of the shrunk grains
are removed, together with chaff and grain clippings during combine harvest,
which also depends on the combine type and adjustment i.e. on the strength of
air current that separates lighter head parts from the wheat grains.

To sum up, toxins transferred into groceries on the one hand, originate
from those head parts in which poorly filled grains, are formed and which are
infected by Fusarium genus fungi, not removed during combine harvest, and
on the other, the quantity of toxins depends on the conditions of wheat stora-
ge, since in inadequate conditions toxic fungi are spread to noninfested grains,
i.e. fungi activity in already infested grains produces mycotoxins. According to
the obtained results, the quantity of DON and ZEA toxins is the greatest in
grains from the head part, with manifested symptoms of Fusarium head blight,
and in which 100% grain infestation was determined, which matches the re-
sults of other authors according to whom great positive correlation was deter-
mined between fungus biomass in the infested grains and the quantity of DON
(S n i j d e r s and P e r k o w s k i, 1990). DON toxin in non-infested parts
(above and below the infested head part) is not created, i.e. it does not move
with the movement of plant assimilates. Minimal quantities of DON determi-
ned in these grains are the result of the presence of a few percents of infested
grains, which could be determined only by incubation on moist blotter. The
obtained data lead to the conclusion that mycotoxins are not transferrable from
the head parts containing high quantity of fungi and toxin biomass into other
head parts, i.e. into grains. They also point to the liability of conclusions made
by Z h o u et al. (2002), who recommend the choice of favourable type of re-
sistence against the spread of parasite within plant tissue, with the aim of pre-
venting DON accumulation in grain crops. By preventing the growth of hyp-
hae within the plant, the creation of toxins in the infested tissue is localised.

Based on these results, it can be concluded that in the measures with the
aim of preventing toxins from appearing in groceries, apart from the measures
for preventing the head infestation to develop (soil cultivation, fertilisation,
crop rotation, chemical protection, resistant genotypes), and optimal storage
conditions (humidity, temperature, the presence of insects etc.), measures of
combine adjustments could also be included, which enable the removal of sub-
stantial part of infested grains, together with chaff which could drastically re-
duce the danger of mycotoxins to become part of nutrition chain. More precise
role of the appropriate combine adjustment in removing infested grains should
be invastigated more thoroughly in the future, and included as an important
measure in avoiding mycotoxicosis in humans and animals.
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SADRŸAJ DEOKSINIVALENOLA I ZEARALENONA U POJEDINIM
DELOVIMA FUZARIOZNIH KLASOVA PŠENICE
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Rezime

Tokom 2006. godine klimatski uslovi su bili povoqni za pojavu fuzarioze
klasa pšenice u veãini lokaliteta gajewa ove kulture u našoj zemqi. U lokali-
tetu Apatin na pojedinim parcelama konstatovana je zaraza i do 25 zaraÿenih
klasova po m2. Za vreme ÿetve prikupqeni su klasovi sa jasnim simtomima bo-
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lesti i sporulacije gqive Fusarium graminearum. Iz klasova su u posebne uzorke
odvojena zrna iz dela sa simptomima oboqewa, kao i zrna iznad i ispod zahva-
ãenog dela klasa. Pored okularne ocene, procenat zahvaãenosti zrna gqivama iz
roda Fusarium je odreðen u sve tri kategorije uzoraka, metodom na filter papi-
ru. U uzorcima odreðen je deoksinivalenol (DON) nakon ekstrakcije sa smešom
acetonitril-voda (84:16, v/v). Kvantitativni sadrÿaj DON-a je odreðen teånom
hromatografijom sa DAD detektorom na 220 nm. Sadrÿaj DON-a je u uzorcima
bio sledeãi: zrna sa ispoqenim simptomima oboqewa 353,4 ppm (mg/g), zrna
iznad zahvaãenog dela klasa 0,225 ppm (mg/g), zrna ispod zahvaãenog dela 0,125
ppm (mg/g). Sadrÿaj zearalenona u uzorcima odreðen je metodom tankoslojne
hromatografije, pri åemu je ovaj toksin utvrðen samo u uzorcima iz dela klasa
na kojem su se jasno ispoqavali simptomi i to u koliåini od 2,1 ppm (mg/g).
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WHEAT SAFETY IN RELATION TO PRESENCE
AND CONTENT OF DEOXYNIVALENOL

ABSTRACT: HACCP (Hazard Analysis and Critical Control Point) is a concept
which identifies, evaluates, and controls hazards, significant for food safety. It is applicable
to the entire food chain, “from farm to table". Prevention of a foodborne mycotoxin conta-
mination of commodities is the most rational and cost-effective method for preventing
adverse effects of fungal metabolites on human and animal health. Deoxynivalenol (DON)
belongs to the group of mycotoxins produced by certain Fusarium species, which can dama-
ge several vital organs, or demonstrate immunotoxic effect, when ingested in small amounts
for a longer period of time. Of particular concern is exposure of children to this mycotoxin
through cereals, which are believed to lead to reduced weight gain and decreased liver
weights. For that reason, we tried to present HACCP concept for preventing wheat contami-
nation with deoxynivalenol. To be able to apply this system, hazards must be identified, and
risks assessed, and for that purpose a real picture of area (region) in which preventive mea-
sures shall be applied, need to be established. According to the results of the study conduc-
ted in the laboratory at our department, DON contaminated wheat samples in the region of
Vojvodina accounted for 41,6% in 2004 and 2005, whereas amounts of deoxynivalenol ran-
ged from 57 to 1840 mg/kg.

KEY WORDS: HACCP, deoxynivalenol, wheat

INTRODUCTION

HACCP system itself consists of two fundamental components: HA and
CCP. HA is a risk analysis, that is, identification of potential hazards in each
cycle of food production, and assessment of their effects on human health.
CCPs (critical control points) are actions introduced throughout the production
process by which food safety risks can be prevented, eliminated or reduced to
acceptable levels.

Application of HACCP system is compatible with the quality manage-
ment system, being in compliance with ISO 9000 series of standards, and it
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implies adoption of appropriate measures required for food safety manage-
ment. Prior to introduction of HACCP system in any organizational part of the
food manufacturing establishment, the relevant organizational part must fun-
ction in compliance with the principles of GAP (Good Agricultural Practice),
GMP (Good Manufacturing Practice), GHP (Good Hygiene Practice) and rele-
vant food safety legislation. For the purpose of avoiding any food-related
risks, HACCP method is to be used as an effective way of managing and con-
trolling food safety hazards in the preparation and handling of food and food
products.

HACCP INTRODUCTION PROCEDURE

— Assemble of HACCP team
— Description of the product
— Identification of the intended product use

Since HACCP system involves multidisciplinary approach, multidiscipli-
nary team should be assembled, consisting of specialists with a thorough
knowledge of the product, production process, management and quality assu-
rance principles. This team could include personnel from the production/sanita-
tion, quality control, laboratory, engineering and independent outside experts
to advise about the identified issues, or problematic areas. The task of the te-
am is to ensure that all conditions for the application of the HACCP principles
have been met and necessary documentation prepared, and the team members,
therefore, must have the knowledge and expertise to develop an HACCP plan.

The product and production process description should include the name
of the product, ingredients and composition, packaging, shelf life, storage con-
ditions, and distribution control measures, if applicable.

The intended use of the product refers to its normal use by end-users, or
consumers. The HACCP team must specify where the product will be sold, as
well as the target group and labeling instructions which should be followed.

In our case, control is aimed at deoxynivalenol (DON), a frequent conta-
minant of cereals. The global frequency of mycotoxin-contamination of food
appear to be increasing in the recent years. Mycotoxins may occur during the
different stages of grains production. Fusarium species can be formed in the
field preharvest, and are usually referred to as “field mycotoxins", and may
continue to be formed in storage if conditions are favorable.

Fusarium is one of the most widespread genera of plant pathogenic fungi
responsible for destructive and economically very important diseases of cereal
crops. Fusarium strains are responsible for wilts, rots and the like in legumes,
coffee, pines, wheat, corn, carnation and grasses.

Disease of wheat known as Fusarium head blight (FHB) is caused prima-
rily by Fusarium graminearum species. This disease reduces yield and seed
quality grade and spreads easily, particularly in regions with humid climatic
conditions (B o w d e n et al., 2003).

Symptoms: FHB is detected immediately after blooming. Infected heads
become whitish, whereas leaves and stalks remain unchanged. A portion of
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stalk immediately below the head is sometimes of chocolate brown colour. In-
fected wheat seeds are shrunken and typically chalky white or pinkish. Seeds
above the infected spikelet will shrunk if the mould enters the glume and dis-
rupts food supply. Apart from reducing yield and grade, this disease may also
contaminate the grain with fungal toxins (mycotoxins). FHB is favoured by
wet conditions during the flowering and early stages of kernel development.
FHB is recognized in the field by premature bleaching of infected spikelet,
and the production of orange, spore-bearing structures (S e r a f i n c h o n, 2003).
During wet weather, there may be whitish, occasionally pinkish, fluffy fungal
growth on infected heads in the field. Diseased spikelet can contain visibly af-
fected kernels. The grading term given to visibly affected wheat seeds is fusa-
rium damaged kernel (FDK).

The last line of defense occurs when F. graminearum infections are iden-
tified in cereal fields. Such occurrence would trigger an eradication strategy
where the crop is immediately ensiled or harvested, and the residue carefully
managed and cultivated. The field would be taken out of cereal production for
three years to allow the crop residue to degrade, resulting in the eradication of
the pathogen. F. graminearum does not survive in fields where the host mate-
rial has degraded and is no longer present. During the growing season, grow-
ers should check the fields for the presence of this disease. They should check
for symptoms on cereal heads, about three weeks after anthesis, and in the
grain at harvest. If F. graminearum is found, the planting of varieties least su-
sceptible to the disease should be considered.

Mycotoxins produced by Fusarium species significantly differ in their
structure, and the toxin production is primarily due to genetic factors, but is al-
so affected by the conditions in which fungi grow, such as: the amount of ava-
ilable water in substrate, for fungi growth (aw), ambient temperature, presence
of aerobic medium, relative air moisture, type of medium or substrate, pH en-
vironment, level of sustained damage on kernels, total number of fungi and
share of toxicogenic species, as well as the presence of competitive microflora
etc. For moulds growth, humidity over 12%, and water activity above (aw) 0,7,
is needed. Temperature favourable for toxin production ranges from –5 to
+60°C, and pH from 5—7.

Fusarium is a large and complex species containing strains adapted to dif-
ferent environmental conditions all over the world.

Different strains from the same species may behave differently in myco-
toxin production. There is also a regional difference in mycotoxins produced
by Fusarium species, as a result of genetic variation and climatic factors.
Generally speaking, it is not possible to determine series of conditions or fac-
tors having critical effect on the moulds growth and mycotoxin production. It
is a distinctive feature of biosynthesis of secondary metabolites; the produced
amount is conditioned not only by the environmental and nutritional parame-
ters, prevailing during the production, but is also affected by the previous crop
residues and the incidence of mould occurrence. Mycotoxin type and concen-
tration is always determined by the mould, substrate and external factors.
External factors affecting mould production can be physical, chemical and bio-
logical, but almost always in interaction with each other. The sheer fact that
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mycotoxins are able to synthesize in a few days under favourable ambient con-
ditions, suggests that mycotoxin hazards are permanently present (N a r e c h,
2006).

Trichothecenes are secondary toxic products produced by several moulds,
including species of the genera Fusarium, Myrothecium, Trichodederma, Tri-
chothecium, Stachybotrys and Verticimonosporium. More than 170 trichothece-
nes have been isolated and chemically characterized up to now. Trichothecenes
are tetracyclic, sesquiterpenoid compounds with a 12,13-epoxy-group. Epoxide
group C12,13 of all trichothecenes is believed to be responsible for their
toxicity. Based on the presence of characteristic functional groups, they are di-
vided into type A (T-2 toxin, diacetoxyscirpenol), type B (deoxynivalenol, ni-
valenol), type C and D. Trichothecenes from groups A and B are probably the
most widely distributed mycotoxins, and according to the Report of the EU
Commission, trichothecene toxins from group B are more prevalent in grains
than those from group A. The most common trichothecene from group B is
deoxynivalenol (DON) (57%), followed by 15-acetyledeoxynivalenol (20%),
nivalenol (16%), fusarenon X (10%), and 3-acetyledeoxynivalenol (8%). Out
of trichothecenes from group A, the most common is T-2 toxin (20% of
analyzed samples), followed, to a lesser extent, by other toxins, namely, HT-2
toxin (14%), T-2 triol (6%), DAS (4%), MAS (1%), and verrucarol, but only
in one out of 121 analyzed samples (SCOOP, 20).

F. graminearum and F. culmorum. are fungi most often associated with
deoxynivalenol production have been Presence of this moulds is prevalent in
grains, wheat and corn, in particular, causing their rotting. They can also occur
on barley, oats and rye, as well as grain products-malt, beer and bread (Scien-
tific Committee on Food, 1999).

Hot and moist climate favours wheat infection with these moulds, taking
place throughout the entire blooming phase. The optimum temperature for
F. graminearum growth is found to be 25°C, annuall % of humidity, and for
F. culmorum 21°C, and 87% of humidity. According to M a r t i n s and M a r -
t i n s (2002) the most favourable conditions for DON production are 22°C
(6,0 mg/kg) and 28°C (5,5 mg/kg), after 35 days of incubation. According to
the same authors, there is no DON production at temperature of 37°C.

The presence of DON and other Fusarium mycotoxins in Europe is of a
particular importance, primarily due to climatic conditions prevailing in that
region. The Study of scientific corporation for food issues — sub-commission
for trichothecene (SCOOP, 2003) included 11 EU states. Of 11.022 analyzed
samples, DON presence was found in 57%. In a huge number of wheat and
wheat flour analyzed for DON presence (6358), 61% of the samples were
found to be positive, in the detection range from 2 mg/kg (Sweden) to 50 000
mg/kg (France).

The EU Scientific Committee for Food (Commission Regulation No 856/
2005) has established maximum tolerable levels for DON in cereals and their
products: unprocessed cereals other than durum wheat, oats and maize (1250
mg/kg), unprocessed durum wheat and oats (1750 mg/kg), unprocessed maize
(1750 mg/kg), cereal flour, including maize flour, maize grits and maize meal
(750 mg/kg), bread, pastries, biscuits, cereal snacks and breakfast cereals (500
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mg/kg), pasta (dry, 750 mg/kg), processed cereal based food for infants and
young children, and baby food (200 mg/kg).

Tab. 1 — Deoxynivalenol content in wheat (mg/kg) (SCOOP, 2003)

Country Year Total no. of
samples

% of positive
samples

Max. DON
content

Average DON
content

Austria 1999 68 57 1250 310
Austria 2000 62 61 6090 1203
Austria 2001 36 50 1230 334
Belgium 2001 33 15 504 343
Germany 1999 26 80 764 285
Germany 2000 27 66 402 159
Denmark 1999 16 87 527 198
Denmark 2000 28 92 330 63
Denmark 2001 30 63 204 56
Finland 1999 37 67 264 88
Finland 2000 35 71 1026 234
Finland 2001 39 35 376 90
France 2001 53 100 2125 190
France 2002 3 33 120 95
Norway 2001 147 34 464 84
Netherlands 1998 215 84 3280 546
Netherlands 1999 273 53 1946 245
Netherlands 2000 1111 76 5000 354
Netherlands 2001 863 27 2300 437

P i e t e r s et al. (2001) calculated a provisional TDI of 1,1 mg/kg of
body according to the results of the study conducted in the Netherlands. Based
on this limit, they proposed a concentration limit of 129 mg DON/kg for
wheat, a level designed to protect the health of children who are heavy consu-
mers of wheat based products. This team of scientists concluded that in the
1998—2000 period (high amounts of DON were established in wheat) DON
intake exceeded provisional TDI, particularly in children, which might have
adverse effects on some children. In part because of the concerns raised in the-
ir studies, even stricter limits on DON exposures in bread have been establis-
hed by the Dutch government, namely, 120 DON mg/kg BW for processed
wheat and wheat-based products with wheat content of 33%, and 60 mg/kg.

Results of wheat samples analyzed for the presence and content of DON
in the laboratory at the Department for Livestock Breeding at the Faculty of
Agriculture in Novi Sad are shown in Table 2.

Tab. 2 — Content of deoxinivalenol in samples of wheat collected in Vojvodina (mg/kg)

Year Average no. of
samples

% of positive
Samples Average Range

2004 4 50 1230 620—18400
2005 12 33,3 182 57—423

Trichothecenes are strong inhibitors of protein synthesis, targeting and da-
maging, in particular, cells that are actively dividing (thymus, lymph gland, te-

21



stes, small intestine, spleen). These toxins can, either alone or in combination
with each other, cause acute or chronic trichothecene-toxicoses, illnesses cha-
racterized by dermatitis, vomiting, food refusal, mucous and skin bleeding, he-
morrhagic diarrhoea and sterility. Clinical toxicity picture includes food refu-
sal, vomiting, tachycardia, hemorrhagic diarrhea, edema, skin and mucous ne-
crosis, destruction of hematopoietic tissue, leukocyte and thrombocyte, leuco-
penia and nervous disorders. Symptoms depend on the type of toxin involved,
concentration and exposure time.

Decreased food intake and vomiting are associated with increased activity
of central serotonin system in brain. After lower, and especially after higher
levels of exposure to deoxynivalenol, reduced growth and development have
been reported in most animal species. This has been confirmed by a great
number of studies as the most obvious effect of deoxynivalenol toxicity. Two
year study conducted on laboratory animals showed that quantity leading to
growth and body weight reduction was 0,1 mg/kg of body weight a day. There
is no evidence of more significant accumulation of this mycotoxin in the body
and body fluid, and detoxification is done through deepoxidation, resulting in
partial conversion of this mycotoxin in deepoxy DON, and its excretion after
conjugation with glucuronic acid.

Deoxynivalenol inhibits DNA and RNA synthesis at a cell level, and pro-
tein synthesis at ribosomal level. The toxin has a haemolytic effect on erythro-
cytes. Higher doses of DON have adverse effect on heart, liver, spleen and
thymus.

An issue of great concern is a heat stability of DON, since it is a very
stable compound, both during storage and processing, and as such enters the
food chain (EFSA, 2004).

GENERAL PRINCIPLES OF HACCP CONCEPT (CAC, 1997)

Principle 1 Identify the potential hazards
In this stage, HACCP team identifies potential hazards associated with

food production at all stages, from primary production, processing, manufactu-
re, and distribution until the point of consumption. After that, the likelihood of
occurrence of each hazard needs to be assessed and necessary preventive acti-
ons and measures taken to prevent, eliminate or reduce the identified hazard to
acceptable levels.

Principle 2 Determine critical control points (CCP)
Critical control points (CCP) are points, steps, or operational procedures

in the cycle of production at which potential hazards may occur, and be elimi-
nated, or reduced to acceptable levels by preventive actions and measures.

Mycotoxins synthesize in the field, and their synthesis continues in bins,
and thereafter in storages of finished products. On such a long path, and under
various conditions, a number of CCPs can be identified. Some of them are:
type and manner of tillage, crop rotation, type of seed (hybrids), weather con-
ditions, presence of moulds and insects, harvest season, drying efficiency, mic-
roclimatic conditions in storage facilities.
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Principle 3 Establish the critical limits
A critical limit is a criterion that has to be fulfilled. It separates accep-

tability from unacceptability. All parameters for different CCPs need to be
measured for as short time as possible, to allow timely decisions and correcti-
ve actions. The critical limits must be supported by scientifically based data,
must be verifiable, measurable and applicable for all CCPs. Sources of infor-
mation for establishment of critical limits are: laws and regulations, internal
requirements, actual practices and experts' recommendations.

Principle 4 Establish a monitoring system for each CCP
Monitoring is a scheduled measurement or observation of a CCP relative

within its critical limits.
Critical control points are monitored in order to:
— establish when critical limit is exceeded, and human health hazards

increased,
— identify the problem before it occurs,
— verify HACCP plan,
— assure and confirm the product quality.
Apart from control, operating limits are also established for the parame-

ters based on which the process is run. They are usually more conservative
than control limits, need not be part of HACCP documentation, and are used
as a buffer, to adjust the process and prevent critical limit from exceeding.

Principle 5 Establish corrective actions
Corrective action is any action to be taken when monitoring indicates that

critical control points in CCP depart from the critical limits. There are two
types of corrective actions: intervention (intermediate) and prevention.

Principle 6 Establish verification procedures
Verification procedures need to be established to verify whether the

HACCP system is working correctly, and whether the identified hazards are
within control limits. Verification activities include:

— HACCP system validation
— review of the CCP monitoring results,
— product testing/analysis,
— HACCP system internal audits.
DON level checks must be carried out in regular, prescribed intervals in

the field and in the final product to assess whether it is kept within acceptable
levels. When there is a deviation from the critical limit, it is considered as a
loss of control, and requires adequate actions to be taken. Critical limits may
be adjusted, or new control measure must be introduced.

Principle 7 Establish documentation and record keeping
Efficient and accurate record keeping is essential to the application of an

HACCP system, to confirm that the system is working effectively. Records are
also used for tracking trends and identifying causes of deviations, for introduc-
tion of corrective and preventive actions and measures.
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CONCLUSION

Mycotoxins are inevitable food contaminants which enter the food chain
at one point or another. In the developed world, advances in food handling
and safety procedures have largely eliminated the consumption of food with
high levels of mycotoxins, and very few people suffer health problems from
dietary exposures to mycotoxins.

Cereals (or wheat) are on the top of the hypothetical warning list regar-
ding the mycotoxin contamination, particularly due to possible health effects
on children.

HACCP system is widely recognized as the most effective approach for
producing safe food. It is almost a universally accepted method of present and
future times. Knowledge and understanding of factors favourable for fungi
growth are of crucial importance for successful prevention, since they can re-
duce exposure of humans and animals to mycotoxins to minimum possible le-
vels. It is still not possible to eliminate completely mycotoxins from food pro-
ducts. Therefore, comprehensive efforts must be made to reduce health risks
attributable to mycotoxins to acceptable levels and respond to food safety issu-
es and concerns.

Advantages of HACCP system application are that it reduces foodborne
diseases, ensures safety of food, adheres to legislation, inspections and surveil-
lance requirements, enhances competitiveness, removes barriers in international
trade, and increases profit.

Implementation of HACCP system is not to be considered as the end of
the process. Current maintaining of HACCP plan is to provide real benefits.
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Rezime

Prevencija kontaminacije hrane toksogenim plesnima je najracionalnija
i ekonomski najopravdanija metoda za spreåavawe moguãih posledica delovawa
wihovih metabolita na zdravqe qudi i ÿivotiwa. Deoksinivalenol (DON)
pripada grupi fuzarijumskih mikotoksina, ošteãuje pojedine unutrašwe orga-
ne, dok u malim koliåinama kroz duÿi period deluje imunotoksiåno. Posebno
je naglašena izloÿenost dece ovom toksinu preko hleba, a pretpostavqa se da
kod wih dovodi do smawewa telesne teÿine i smawene teÿine jetre. U ovom ra-
du prikazan je HACCP koncept u prevenciji kontaminacije pšenice deoksini-
valenolom. Da bi se primenio ovaj sistem mora se prvo identifikovati opa-
snost i proceniti rizik, a za to je neophodna realna slika za podruåje (region)
u kojem se ÿele sprovoditi mere prevencije. Prema rezultatma ispitivawa koja
se sprovode u laboratoriji našeg departmana na pšenici sa podruåja Vojvodi-
ne % kontaminiranih uzoraka u 2004. i 2005. godini iznosio je 41,6, a koliåi-
ne deoksinivalenola kretale su se od 57 do 1840 mg/kg.
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ZEARALENONE PRODUCTION DURING
MICRO-MALTING OF BARLEY

ABSTRACT: The zearalenone (ZEA) content was determined during a micro-malting
process (after steeping, germination, kilning and degermination, as well as in barley sam-
ples before micro-malting process) of two winter two-rowed barley samples, grown at Kra-
gujevac location. In all phases of micro-malting, isolation and determination of Fusarium
spp. were performed.

It was established that barley samples, before malting, were contaminated with zeara-
lenone (barley sample 1—9.7 mg/kg, barley sample 2—9.2 mg/kg).

The following Fusarium spp. were isolated: F. avenaceoum, F. culmorum, F. poae,
F. sporotrichioides, F. tricinctum and F. verticillioides.

In both barley samples zearalenone content increased during steeping (86.5 mg/kg and
37.4 mg/kg), decreased during germination (12.5 mg/kg and 26.8 mg/kg), and increased after
kilning (62.9 mg/kg and 71.2 mg/kg). In the finished malt, the zearalenone content in sample
1 was 35.7 mg/kg dry matter, and in sample 2 was 17.8 mg/kg dry matter.

KEY WORDS: Barley, Fusarium species, micromalting, zearalenone

INTRODUCTION

Zearalenone (F-2 toxin), 6-(10-hydroxy-6-oxo-trans-1-undecenyl)-b-resor-
cylic acid lactone, is a nonsteroidal mycotoxin with low acute toxicity, strong
estrogenic, and anabolic properties to humans and animals (European Commis-
sion, 2000; H u s s e i n and B r a s e l, 2001; L o g r i e c o et al., 2003;
R h y n and Z ö l l e r, 2003; Y i a n n i k o u r i s et al., 2004). This is due to
its ability to couple with the estrogenic receptor, resulting in severe effects on
the reproductive system (Z ö l l n e r et al., 2000).

As a secondary metabolite of Fusarium species, ZEA is the most frequent
cereal contaminant (wheat, barley and oats) (Z ö l l n e r et al., 2000; Y i a n -
n i k o u r i s et al., 2004; G a l v a n o et al., 2005). Tolerance levels in grains
and grain products have been set in severeal countries with a concentration
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range from 30 to 1000 mg/kg (Z ö l l n e r et al., 2000). The most common Fu-
sarium mycotoxins in European barley grains are zearalenone and deoxyniva-
lenol (L e g z d u n a and B u e r s t m a y r, 2004).

ZEA may be transmitted from contaminated grains into beer during the
brewing process (S c o t t, 1996). A study of Nigerian traditional corn beer
brewing showed a 51% carry over of ZEA from malt homogenate to a fi-
nished product. Resulting from that, ZEA was found at high incidence and
concentration in African beers, which is in distinct contrast to the surveys of
European, Canadian and Korean beers, where only one beer sample was deter-
mined to contain ZEA at a level of 100 mg/kg (Z ö l l n e r et al., 2000).

The malting process is one of the critical points during beer production,
regarding the formation of factors that can affect human health, particularly as
malting conditions favour the development of many fungi, mostly Fusarium
species which can produce zearalenone, fumonisins, trichothecenes and monili-
formin. Fusarium species enter the malting process through barley grains,
water for steeping or malting vessels, and the growth of these during malting,
especially steeping and germination, is favoured by high water activity and
lower temperatures (N o o t s et al., 1998).

Fusarium species, during malting, besides production of ZEA and other
fusariotoxins may affect barley germination (R a b i e et al., 1997), decrease
the grain size (S c h w a r z et al., 2001) (which decreases the yield and there-
fore results in significant economic losses (S c h a a f s n m a, 2002)), lower
a-amylase activity (K l e e m o l a et al., 2001), synthesize alkaline proteases
which hydrolyze barley proteins (P e k k a r i n e n et al., 2003), and even af-
fect the subsequent fermentation process by having an adverse effect on the
yeast (R a b i e et al., 1997), gushing of beer (H a i k a r a, 1983; S c h w a r z
et al., 1996; K l e e m o l a et al., 2001; V a n n e and H a i k a r a, 2001,
S a r l i n, 2005) and the resultant beer by causing off-flavours and colours
( V a a g, 1985).

Due to all above mentioned, the objective of the present study was to in-
vestigate zearalenone production during micro-malting, and the occurrence of
Fusarium species in brewer's barley samples during micro-malting.

MATERIALS AND METHODS

Brewer's barley samples. Two varieties of two-rowed winter barley (sam-
ple 1 and 2), crop 2004, were collected in storage rooms at Kragujevac loca-
tion. A total of 3 kg of each variety were sampled. Micro-maltings of 1kg
barley samples were performed with a micromalting unit “Seeger", Germany.
A standard micro-malting process, described by S c h u s t e r et al. (1999),
was used as shown in Table 1. Chlorinated tap water (drinking quality) was
used during the micromalting process.
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Tab. 1. — Standard micromalting procedure

Process phase Day Duration,
h Description

Steeping

1 6 Steeping in 1st water 14°C
18 Aeration 14°C; weighing

2 4 Steeping in 2nd water 14°C
20 Aeration 14°C; weighing

3 2 Steeping in 3rd water 14°C

Germination

22 Aeration 14°C; weighing; correction of moisture
content to 44.5% by spraying with water

4 24 Aeration 14°C; turning
5 24 Aeration 14°C; turning
6 24 Aeration 14°C; turning

7 28 Aeration 14°C; weighing; turning and transfer into
kilning compartment

Kilning 8 20 Kilning (12 h/40°C — 3 h/60°C — 5 h/82°C);
weighing; degermination, weighing

Zearalenone analysis. Zearalenone was determined in both barley sam-
ples before micromalting, after steeping, after germination (green malt), after
kilning, and after degermination (malt). The zearalenone extraction from the
barley samples was done according to the Vicam instruction sheet, by mixing
20 g of milled sample with 2 g of NaCl and 50 mL of the mixture of 90:10
acetonitrile-water in the high-speed glass blender for 2 minutes. The obtained
extract was filtrated through the filter paper, and then 10 mL of the filtrate
were mixed with 40 mL of washing buffer (PBS/0.1% Tween-20, VICAM).
The homogenized mixture was filtrated through the 1.0 mg microfibre filter.
The obtained filtrate (10 mL) was passed through Zearalenone Test Immu-
noaffinity column (1—2 drops/second). Ten microlitres of washing buffer and
10 mL of distilled water (1—2 drops/second) were passed through the column.
Zearalenone was deabsorbed out from the column with 1.0 mL of methanol
(HPLC purity) into a glass test tube at approximately 1 drop/second. Then, 1
mL of the Zearala Test developer (VICAM) was added to the tube and the
content was well homogenized. The test tube was placed into the graduated
fluorometer (VICAM series 4), in which the zearalenone concentration was
read in mg/kg (V i c a m, 1997).

Isolation and identification of Fusarium spp. Samples for mycological
analyses were taken before the micromalting process, after the first, second
and third day of steeping, after the first day and at the end of germination,
after the kilning, and after malt degermination. The dilution plate technique
was used for isolating fungi from the samples and for determining their total
count per 1 g, or 1 mL.

Twenty grams of the sample were diloted in 180 mL of sodium chloride
solution and homogenized for 10 min in a homogenizer. Petri dishes (in tripli-
cate) were inocoluted with 1 mL of each dilution (10—1—10—6). Incubation
was carried out at 25°C for 5 and 7 days. Sabouraud maltose agar (SMA) with
chloramphenicol (1%) and oxytetracyclin (1%) was used as an isolation me-
dium.
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Subsequent to the incubation, the isolates, determined to belong to the ge-
nus Fusarium, were used for producing monosporous cultures on a potato
dextrose agar (PDA) and 2% carnation leaf agar (CLA), according to the pro-
cedure described by N e l s o n et al. (1983). In order to stimulate the forma-
tion of conidiogenic structures, cultivated media were incubated under the 12 h
UV light/dark cyclic regime. Monosporous cultures were incubated under sta-
ted conditions at the temperature of 25°C for 10 to 14 days.

Determination of the isolated pure fungal cultures was done according to
the taxonomic properties described by N e l s o n et al. (1983).

RESULTS AND DISCUSSION

The obtained results indicate that both barley samples were naturally con-
taminated with zearalenone (sample 1—9.7 mg/kg and sample 2—9.2 mg/kg).
Species of Fusarium genus and ZEA production varied during barley micro-
malting.

In barley sample 1 three species of genus Fusarium were identified du-
ring micromalting: F. poae, F. tricinctum and F. sporotrichioides (Fig. 1).

The most intensive growth had F. poae, during the second day of micro-
malting. An increase in the level of F. tricinctum was found during the third
day of micromalting. Fusarium sporotrichioides reached a maximum level du-
ring the fourth day of micromalting.

Four species of Fusarium genus were identified in barley sample 2: F.
poae, F. verticillioides, F. avenaceum and F. equiseti. Fusarium avenaceum
was identified only on the first day, and F. equiseti only on the second day of
micromalting (Fig. 2). Two dominant species, F. poae and F. verticillioides,
were also identified in water for steeping. Fusarium sporotrichioides was also
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identified in steeping water, but not during the micromalitng of barley sample
2. On the first day of micromalting, intensive growth of F. poae was observed.
Intensive growth of F. poae continued until the seventh day of micromalting.
Fusarium verticillioides was identified on the second day of steeping. Growth
of F. verticillioides decreased between the second and the third day of stee-
ping. After the third day of steeping, growth of F. verticillioides was very in-
tensive until the seventh day of micromalting. F. verticillioides became the
most dominant species on the fourth day of micromalting (first day of germi-
nation), until the kilning (Fig. 2).

This study shows that the growth of Fusarium spp. is most intense during
germination of barley in both samples. In contrast, A c k e r m a n n (1998)
noted that the growth of Fusarium spp. takes place particulary during steeping
of barley.

During the micromalting, determined zearalenone contents varied from
9.7 to 86.5 mg/kg dry matter in barley sample 1, and from 9.2 to 71.2 mg/kg
dry matter in barley sample 2 (Figs. 1 and 2). The zearalenone content increa-
sed during steeping in both samples, which is in contrast with the results of
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S c h w a r z et al. (1995). Germination reduced the zearalenone content in
both barley samples. At the end of germination the zearalenone content in
sample 2 (26.8 mg/kg) was two times higher than that in sample 1 (12.5
mg/kg).

Decrease in zearalenone content can be attributed to reaction with barley
components, metabolism of barley enzymes, or influence of other barley mic-
ropopulation (D u p i r e, 2003; S c h w a r z et al., 1995).

Zearalenone content increased during kilning of both samples (62.9 mg/kg
dry matter in 1, and 71.2 mg/kg dry matter in 2) and was higher than in green
malt. S c h w a r z et al. (1995) obtained similar results during kilning. After
kilning, zearalenone content increased most probably because of unfavourable
conditions for fungal growth. Under unfavourable growth conditions Fusarium
species synthesize zearalenone (S m i t h and M o s s, 1985).

After degermination, ZEN content decreased as it was party removed
with the germ. In the malt, zearalenone content was 35.7 mg/kg dry matter in
sample 1 and 17.8 mg/kg dry matter in sample 2.

The obtained results indicate that during micro-malting zearalenone con-
tent increased. Zearalenone content determined in finished malt was higher
than in barley. Beer produced from this malt can be potentially harmful for
human health.
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SADRŸAJ ZEARALENONA TOKOM MIKROSLADOVAWA JEÅMA

Sunåica D. Kociã-Tanackov, Marija M. Škriwar,
Olgica S. Grujiã, Jelena D. Pejin

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

Rezime

Zearalenon (sin. T-2 toksin) je nesteroidni mikotoksin, sa niskom akut-
nom toksiånošãu i izraÿenim estrogenim i anaboliåkim efektima na qude i
ÿivotiwe. Kao sekundarni metabolit Fusarium vrsta najåešãi je prirodni kon-
taminent ÿitarica (kukuruz, pšenica, jeåam, ovas). Proces sladovawa, kojim se
proizvodi slad, koji je osnovna sirovina za proizvodwu piva, pogoduje razvoju
Fusarium vrsta, pa je stoga ciq rada bio da se odredi sadrÿaj zearalenona i uåe-
stalost Fusarium vrsta tokom mikrosladovawa jeåma.

Za ispitivawe su odabrana dva uzorka ozimog dvoredog jeåma, sa lokaliteta
Kragujevac. Odreðivawe sadrÿaja zearalenona vršeno je u jeåmu neposredno pre
poåetka mikrosladovawa, nakon moåewa (namoåeni jeåam), nakon klijawa (zele-
ni slad), nakon sušewa (suvi slad) i nakon otklicavawa (slad). Izolovawe i
identifikacija Fusarium vrsta su takoðe vršena u navedenim fazama mikro-
sladovawa.

U uzorcima jeåma pre poåetka mikrosladovawa sadrÿaj zearalenona je bio
9,7 mg/kg i 9,2 mg/kg. Sinteza zearalenona i sastav Fusarium vrsta su varirali
tokom mikrosladovawa jeåma. U zavisnosti od faze mikrosladovawa izolovano
je i identifikovano razliåito prisustvo F. avenaceum, F. culmorum, F. sporotri-
chioides, F. tricinctum, F. verticilioides i F. poae. I u jednom i u drugom uzorku iz-
meren je poveãan sadrÿaj zearalenona nakon moåewa (86,5 mg/kg i 37,4 mg/kg),
smawewe nakon klijawa (12,5 mg/kg i 26,8 mg/kg), poveãawe nakon sušewa (62,9
mg/kg i 71,2 mg/kg) i smawewe nakon otklicavawa (35,7 mg/kg i 17,8 mg/kg).
Promene sadrÿaja zearalenona tokom mikrosladovawa jeåma moÿe se pripisati
metabolizmu enzima jeåma, reakciji mikotoksina sa sastojcima zrna kao i od-
strawivawem dela mikotoksina sa sladnom klicom.

Dobijeni rezultati pokazuju da se postupkom mikrosladovawa sadrÿaj zea-
ralenona poveãao u odnosu na poåetni uzorak jeåma, tako da pivo dobijeno od
ovakvog slada moÿe predstavqati potencijalni rizik po zdravqe qudi.
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OPTIMIZATION OF LABORATORY CONDITIONS
FOR BYOSINTHESIS OF TYPE A TRICHOTHECENES

ABSTRACT: Type A trichothecenes, T-2 toxin and diacetoxyscirpenol — DAS, be-
long to one of the most toxic groups of fusariotoxins. Although larger quantities of them
can be found more often in cooler parts of Europe, regarding their methabolic characteri-
stics and the types of illnesses they provoke, it is obvious that even smaller quantities of
these toxins can cause serious health disturbances of humans and animals in climatic condi-
tions of Serbia.

Having in mind the importance of these substances, the aim of this study was to
carry out the optimization of laboratory conditions under which screening of Fusarium spp.
isolates from Serbia, regarding T-2 toxin and DAS production, should be done.

Four cultures of Fusarium sporotrichioides, originating from different regions throug-
hout the world, were under present investigation: ITM-391 (Italy), KF-38/1 (Poland), M-1-1
(Japan) and R-2301 (Germany). According to the previous literature data, all of these isola-
tes were T-2 toxin producers, and some of them were also DAS producers. The influence of
medium composition (different C and N atoms sources, microelements etc.), as well as ae-
ration (in liquid media), on byosinthesis process of these mycotoxins, in vitro conditions
was investigated. In the case of most Fusarium sporotrichioides isolates, highest yields of
T-2 toxin and DAS were achieved under the conditions of more intense aeration, and with
the use of glucose (5 or 20%) as a C atom source. Fermentation in semi-synthetic liquid
medium, using a rotary sheaker, was more suitable for screening the toxicity of the fungal
isolates in pure culture because of: shorter period of incubation, more simpler sample prepa-
ration, obtaining less interfering materials in crude toxin extracts, and possibility for more
precise definition of factors influencing the yield of trichothecenes.

KEY WORDS: biosynthesis, DAS, Fusarium sporotrichioides, T-2 toxin

35



INTRODUCTION

Representatives of fungal genus Fusarium are primarily plant pathogens,
and occur mostly in association with plants and cultivated soils. Unlike most
Aspergillus and Penicillium species, fusaria grow on crops before harvest, and
only at high water activity (aw) levels in the substrate. Therefore, their toxic
metabolites are produced before, or immediately after the harvest. K i m u r a
et al. (2001) demonstrated that there is a causal role of fusaria mycotoxins in
plant disease development. In case of some host-pathogen interactions, it was
proved, by the use of contemporary molecular genetic techniques, that fusario-
toxins are highly associated with disease initiation or enhanced virulence.

Several Fusarium species present on cereals worldwide, causing “head
blight" (scrab) of small grain cereals, or “ear rot" of corn, are capable to accu-
mulate, in infested kernels, few mycotoxins, some of which have the relevant
impact on human and animal health. One of the main groups of Fusarium
toxins are trichothecenes, with T-2 toxin, HT-2 toxin, neosolaniol, fusarenon-X
etc. (M a r a s a s et al., 1984). The primary mechanism of action of these
strongly toxic sesquiterpenes, with tricyclic nucleus and an epoxide at C-12
and C-13, is the inhibition of protein synthesis at the level of a ribosome.
60S-ribosomal protein L3 is the major site of this inhibitory activity (D e s -
j a r d i n s, 2003). The main simptoms of illnesses caused by these compounds,
are vomiting, inflammation, diarrhoea, cellular damage of the bone marrow,
thymus, spleen and mucous membrane of the intestines, and depression of cir-
culating white blood cells (M a r a s a s et al., 1984).

The presence of type A trichothecenes (T-2 toxin and diacetoxyscirpenole
— DAS) in central and northeastern Europe is conecteded with Fusarium spe-
cies F. poae and F. sporotrichioides (B o t t a l i c o, 1998). In mid-70s of the
last decade proved that these fungi and their trichotecenes were associated
with the death of at least 100,000 Russian people in the period 1942—1948.
This exceptionally unpleasant disease, now called Alimentary Toxic Aleukia
(ATA), is characterized by fever, haemorraghic rash, necrotic angina, extreme
leucopenia, agranulocytosis, sepsis and exhaustion of bone marrow (J o f f e,
1978). These symptoms resemble more closely those of radiation sickness,
than bacterial or fungal toxicoses.

Besides T-2 toxin, F. sporotrichioides can biosynthesize other mycotoxins
too, of which the most important are DAS, butenolide, fusarenon-X, neosola-
niol and nivalenol primarily (M a r a s a s et al., 1984). Although DAS is less
toxic than T-2 toxin, in general it shows similar effects on animals and hu-
mans. Fortunately, F. sporotrichioides is not so commonly occurring species.
It can be found mainly in temperate regions with cereals as main crops, although
it has been also isolated from peanuts and soybean (P i t t and H o c k i n g,
1985).

The production of trichothecenes proceeds from farnesyl pyrophosphate
via hydrocarbon trichodiene. A sequence of oxygenations, isomerisations, cy-
clizations, and esterifications leads from trichodiene to more complex tricho-
thecenes such as T-2 toxin, DON and NIV. Until now, eleven genes (TRI3 —
TRI13) coding trichothecene biosynthesis have been located, and their function
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has been established by the target gene disruption in F. graminearum and F.
sporotrichioides (D e s j a r d i n s, 2003).

Y u (2001) tried to give the answer on the following questions: how
biosynthesis of various mycotoxins is controlled, and whether there are global
controlling mechanisms for both sporulation and mycotoxin production. Inve-
stigations of this author revealed the existence of correlation with the pivotal
role of signal transduction in cellular regulatory, communicatory, and responsi-
ve process, that led him to the hypothesis that heterometric G-protein signal-
ling components and RGS proteins are upstream determinants in controlling
processes of growth and development of F. sporotrichioides. From three Fusa-
rium species (F. graminearum, F. sporotrichioides and F. verticillioides) im-
portant RGS protein was identified, as well as EST sequences that identify 9
out of 15 target signaling components in F. sporotrichioides.

Having in mind the importance of type A trichothecenes and toxin-produ-
cing Fusarium species, the aim of this study was to carry out the optimization
of laboratory conditions for toxin biosynthesis of type A trichochecenes (T-2
toxin and DAS) in pure culture, in order to obtain faster and simpler procedure
for screening of toxigenic potential of Fusarium spp. isolates.

MATERIAL AND METHODS

Microorganisms. F. sporotrichioides isolates, known as T-2 toxin produ-
cers, and some of them as DAS producers too, were under present investiga-
tion: 1) ITM-391, leg. dr A. Bottalico, Consiglio Nazionale delle Richerce, Is-
tituto Tossine e Micotossine da Parassiti Vegetali, Bari, Italy; 2) KF-38/1 from
barley, leg. dr Y. Chelkowski, Department of Plant Pathology, The Agricultu-
ral Faculty, Warsaw, Poland; 3) M-1-1 from soybeans, leg. dr Y. Ueno,
Faculty of Pharmaceutical Sciences, Tokyo, Japan and 4) R-2301, leg. dr D.
Latus, Germany (B o å a r o v - S t a n å i ã and M u n t a ñ o l a - C v e t k o v i ã,
1988; N a g a y a m a et al., 1988; M a š i ã et al., 1997). Stock cultures of
the fungi were maintained on potato-dextrose agar at 4—6°C.

Inoculation of fermentation media was performed with 5 pieces (5 x 5
mm) of fungal material originated from Petri dish, sowed with tested culture,
and subcultivated for 7 days on potato-dextrose agar (PDA) at 27°C.

Cultivation conditions. 1) Inoculated Erlenmayer flasks (500 ml), contai-
ning 100 or 250 ml of different semisynthetic liquid media, were cultivated on
rotary sheaker (150 or 180 rpm) at room temperature (21—26°C); 2) inocula-
ted Roux bottles, containing 50 g of wet sterilized corn kernels (initial moistu-
re 58.4%), were cultivated at 30°C for 4 weaks. All cultivations were perfor-
med in duplicate.

Liquid fermentation media: 1) GPY (5% of glucose + 0.1% of peptone
+ 0.1% of yeast extract) pH 5,8; 2) GPYZn (5% of glucose + 0.1% of peptone
+ 0.1% of yeast extract + 0.0009% of ZnSO4 x 7 H2O) pH 5,9; 3) SPY (5% of
saccharose + 0.1% of peptone + 0.1% of yeast extract) pH 6,5 and 4) GPYM
(20% of glucose + 0.4% of peptone + 0.1% of yeast extract + 0.05% of
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K2HPO4 x 3H2O + 0.025% of MgSO4 x 7 H2O + 0.025% of KCl + 0.0009%
of ZnSO4 x 7 H2O) pH 5,8.

Analysis of fusariotoxins: 1) After cultivation on rotary sheaker, liquid
cultures were filtered. Crude extracts of type A trichothecenes (DAS i T-2
toxin) were obtained by the use of ethyl acetate. Further purification was done
by the method of R o m e r et al. (1978), while thin layer chromatography
was performed according to P e p e l j n j a k and B a b i ã (1991). 2) The
samples obtained after cultivation on corn grain, were dried during 24 h or
more, at 60°C, until constant weight was obtained. After pulverization of dried
samples, type A trichothecenes were extracted and purified from them, by the
method of R o m e r et al. (1978). Thin layer chromatography was done in the
same way as previously.

RESULTS AND DISCUSSION

During present investigations in liquid semi synthetic media, the influen-
ce of aeration, C atom source and concentration, as well as mineral supple-
ments on F. sporotrichioides toxigenicity in vitro conditions was investigated
(Table 1). In the case of temperature conditions, cultivation of fusaria was not
performed when temperature stress conditions, according to J o f f e (1983),
but at relatively constant room temperature (21—26°C), having in mind the
observation of R i c h a r d s o n et al. (1985), and the one of R a b i e et al.
(1986), what in warmer parts of the world, such as North Carolina or South
Africa, toxigenic strains of Fusarium spp., associated with fusatiotoxicoses of
domestic animals, can be found.

Toxigenic potential of F. sporotrichioides isolates. Having in mind the
results of our previous investigations (B o å a r o v - S t a n å i ã et al., 1986;
M u n t a ñ o l a - C v e t k o v i ã et al., 1991), which proved that F. sporotri-
chioides cultures originated from Serbian cereals had toxigenic potential, this
species was chosen for optimisation of laboratory conditions for type A tricho-
thecene production.

All tested F. sporotrichioides cultures biosynthesized T-2 toxin indepen-
dently of cultivation conditions, although the best results were achieved in
liquid glucose media (GPYM and GPY). The best producer of this type A tri-
chothecene was ITM-391 isolate, in which yields ranging from 0.16—120.0
mg/l were recorded (Table 1). Lower concentrations of T-2 toxin obtained in
the present investigation from strain: KF-38/1, M-1-1 and R-2301, than those
obtained in the investigation of M a š i ã et al. (1997), can be explained by
the fact that under laboratory conditions, important deteriation of toxigenic po-
tential can be observed regardless of their preservation conditions (B o å a -
r o v - S t a n å i ã et al., 1989). Although in some cases, as proved by J o f f e
and Y a g e n (1977), isolates can even after 30 years of cultivation on artifi-
cial media, retain the original high biosynthetic capacity, if isolations of strains
were done in other ecological conditions.

DAS was recorded in 75% of tested isolates, but exclusively in higher ae-
ration conditions (180 rpm) in liquid media with GPYM and/or GPY. The best

38



producer of this fusariotoxin was the isolate from Polish barley KF-38/1,
which biosynthesized from 1.6—12.0 mg/l. During the cultivation of the same
culture on moist, sterile natural substrate (Table 1), not only that duration of
the cultivation was much longer (28 days in comparison to 3 days for submer-
ged cultivation), but also purification procedure was more complicated, be-
cause of the presence of more interfering substances. Besides that, much lower
yields of T-2 toxin and DAS were obtained (Table 1). Although other authors,
such as P e r e i r a and K e m m e l m e i e r (2000), use similar cultivation
conditions for investigation of toxigenicity of fusaria (natural substrate, 21
days at 25°C), better results can be achieved in liquid media because of more
precise definition of the factors influencing trichothecene production, and ob-
taining cleaner extracts, in which simpler purification is necessary, so that loss
of toxin is less outstanding. The results of the present investigation confirm
our previous conclusions (B o å a r o v - S t a n å i ã and M u n t a ñ o l a - C v e t -
k o v i ã, 1988).

The obtained results point out the weak toxigenic potential for DAS pro-
duction, but not inadequate cultivation conditions in liquid semi-synthetic me-
dia, because high yields of the same fusariotoxin (64.0 mg/l) can be achieved
by other fusaria, such as F. semitectum under the similar cultivation conditions
(B o å a r o v - S t a n å i ã et al., 2005).

Aeration. During submerged cultivation on rotary sheaker with higher
aeration (180 rpm), the highest yields of type A trichothecenes were achieved
in GPY enriched with mineral supplements (GPYM), and with smaller volume
of liquid medium in cultivation flasks (100/500 ml). According to data presen-
ted in Table 1. yields of T-2 toxin ranged from 12.0 to 120.0 mg/l, and DAS
from quantities below detection limits up to 12.0 mg/l, respectively. Under the
same conditions, a little bit weaker, but rather high yields were of type A tri-
chothecenes, obtained in GPY (250/500 ml): T-2 toxin from 8.0 to 120.0 mg/l,
and DAS from quantities below detection limits up to 8.0 mg/l. Although the
same concentration of microelement Zn was present in GPYM and GPYZn,
poorer results were obtained: T-2 toxin from 0.08—0.16 mg/l (values near de-
tection limits of applied TLC method), while DAS was not detected under the
same conditions (Table 1).

In the case of submerged cultivation with lower aeration (150 rpm), the
best results were achieved in GPY medium (250/500 ml). Although DAS was
not detected in this case, the yields of T-2 toxin ranged from 8.0 to 64.0 mg/l.
Data shown in Table 1 point out that higher aeration had positive effect on
type A trichothecene biosynthesis, although the influence of media composi-
tion could not be neglected.

C atom source. The best results were achieved in GPYM medium (T-2
toxin from 12.0—120.0 mg/l, and DAS max. 12.0 mg/l, respectively). In the
case of the same media composition, except that different sugars were used as
C atom sources, the obtained results are presented in Table 1. GPY medium
resulted in higher yields of T-2, in 75% of tested samples, and DAS in 100%
of the samples during cultivation under higher aeration conditions (180 rpm).
In the case of SPY medium, concentration of DAS was below detection limit,
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while in the case of T-2 toxin, 50% of samples, tested under conditions of
lower aeration (150 rpm), yielded higher quantities of the same mycotoxin
(0.32—64.0 mg/l).

Results presented in Table 1 show that in the case of same applied con-
centration of C atom source, glucose had more positive effect on type A tri-
chothecene biosynthesis than succrose, although other authors (U e n o et al.,
1975) did not observe the essential influence of sugar type on T-2 toxin and
fusarenon-X production.

N atom source and mineral supplements. On the basis of literature data
it can be hardly concluded how large is the influence of N atom source, as
well as mineral and vitamin supplements on Fusarium fermentation process
under laboratory conditions. According to C u l l e n et al. (1982) highest
yields of T-2 toxin can be achieved during cultivation in Vogels' mineral me-
dium with 5% of glucose after 12—14 days at 15°C. Contrary to this finding,
M u n t a ñ o l a - C v e t k o v i ã et al. (1991) did not observe the positive in-
fluence of microelements and vitamin supplements on T-2 toxin yield, accor-
ding to V o g e l (1956). We had similar doubts about the influence of these
paramethers while analyzing present results (Table 1). In the case of addition
of Zn (0.00009%) to basic GPY medium, in order to accelerate the sporula-
tion, as well as DAS and T-2 toxin biosynthesis, the outstanding decrease of
toxin yields was observed. Contrary to that observation, in GPYM medium
(same Zn concentration, but higher content of peptone — 0.04%, and sugar —
20.0%, as well as presence of different mineral supplements) the best toxigenic
results were obtained (Table 1).

CONCLUSIONS

All tested cultures of F. sporotrichoides were better T-2 toxin producers
(max. 120.0 mg/l) than DAS producers (max. 12.0 mg/l).

Highest yields of both type A trichothecenes were obtained under higher
aeration conditions (180 rpm), as well as during the fermentation of smaller
media volume in cultivation flask (100/500 ml in comparison to 250/500 ml).

Glucose, in quantities ranging from 20% (GPYM) under 5% (GPY) in gi-
ven cultivation conditions i.e. independently of applied aeration, influenced
more favorably T-2 toxin, and DAS production than succrose did.

The addition of microelement Zn in standard glucose medium (GPY),
with the aim to obtain better sporulation and biosynthesis of fusariotoxins, did
not give the expected results. In the last case, very low quantities of T-2 toxin
were detected, near the detection limits of applied TLC method.

It was demonstrated that submerged cultivation in nutrient media with
glucose can be the most suitable, cheapest and most rapid method for large
scale screening of Fusarium isolates regarding the trichothecene production.
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OPTIMIZACIJA USLOVA ZA BIOSINTEZU TRIHOTECENA
TIPA A U LABORATORIJSKIM USLOVIMA

Aleksandra S. Boåarov-Stanåiã1, Vesna M. Jaãeviã2,
Radmila D. Resanoviã3, Milorad B. Bijeliã1

1 A.D. „Bio-ekološki centar" Petra Drapšina 15, 23000 Zrewanin, Srbija
2 Centar za kontrolu trovawa, Vojnomedicinska akademija,

Crnotravska 17, 11000 Beograd, Srbija
3 Institut za bolesti ÿivine, Fakultet veterinarske medicine,

Bulevar Osloboðewa 18, 11000 Beograd, Srbija

Rezime

Trihoteceni grupe A, T-2 toksin i diacetoksiscirpenol — DAS, predsta-
vqaju jednu od najtoksiånijih grupa fuzariotoksina. Oni se u veãim koncentra-
cijama åešãe mogu naãi u hladnijim regionima Evrope, ali, u skladu sa wiho-
vim karakteristikama i vrstama oboqewa koja izazivaju, jasno je da i wihove
mawe koliåine mogu dovesti do ozbiqnih zdravstvenih poremeãaja kod qudi i
ÿivotiwa u klimatskim uslovima Srbije.

S obzirom na znaåaj ovih jediwewa, ciq ovog istraÿivawa je bio da se iz-
vrši optimizacija laboratorijskih uslova u kojima bi se ispitivala sposob-
nost za biosintezu T-2 toksina i DAS-a kod Fusarium izolata iz Srbije.

Istraÿivawem su bile obuhvaãene 4 kulture F. sporotrichioides poreklom iz
razliåitih zemaqa sveta: ITM-391 (Italija), KF-38/1 (Poqska), M-1-1 (Japan)
i R-2301 (Nemaåka), za koje je prethodno opisano u literaturi da su producenti
T-2 toksina, a neke i DAS-a. Ispitan je uticaj sastava podloge (razliåiti iz-
vori atoma ugqenika i azota, mikroelementi i sl.) kao i aeracije (u sluåaju
teånih podloga) na proces biosinteze ovih mikotoksina in vitro uslovima. Kod
veãine izolata najveãi prinosi T-2 toksina i DAS-a su dobijeni u uslovima
veãe aeracije i pri upotrebi glukoze (5 ili 20%) kao izvora ugqenikovog atoma.
Fermentacija u teånoj podlozi se pokazala kao pogodnija metoda za testirawe
toksigenosti gqiviånih izolata od prirodnog sterilnog supstrata, zbog kraãeg
perioda kultivacije, dobijawa sirovih ekstrakata toksina sa mawe prateãih ma-
terija, kao i moguãnosti preciznijeg definisawa faktora koji utiåu na prinos
trihotecena.
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BASIC MECHANISMS OF THE CELLULAR
ALTERATIONS IN T-2 TOXIN POISONING: INFLUENCE

ON THE CHOICE AND RESULT OF THE THERAPY

ABSTRACT: T-2 mycotoxin, secondary metabolite of Fusarium fungi, is one of the
most potent cytotoxic representatives of trichothecene mycotoxin type A. After ingestion,
T-2 toxin affects actively dividing cells and irreversible post-mitotic cells. In our experi-
ments, the best protective effects were produced by dexametasone (PI = 3.37) and different
methylprednisolone formulations (PI = 2.43—2.64). Significant protective efficacy was
shown by nimesulide (PI = 1.44) and N-acethyilcistein (PI = 1.29), but their values were
higher in a combination with methylprednisolone (PI = 2.16—2.34). Radioprotector amifo-
stine (WR-2721) expressed good protective effects (PI = 1.26) or/and different absorbent
formulations, such as: activated charcoal (PI = 1.13) and variuos Min-a-zel® powder com-
pounds, which are a well known zeolite clinoptilolite absorbents. Among the five zeolite re-
gimens investigated, only Min-a-zel Plus® showed a significant protective effect (PI = 1.77).
In summary, the steroidal anti-inflammatory drugs could be recommended as a regimen of
choice for treatment of acute T-2 toxicosis, while nonsteroidal anti-inflammatory com-
pounds, different absorbent formulations and their combinations with antioxidants or radio-
protectors, could be important for the treatment of subacute and chronic T-2 toxin poiso-
nings.

KEY WORDS: T-2 toxin, citotoxicity, inflamation, therapy

INTRODUCTION

T-2 toxin, as one of the most potent cytotoxic trichothecene mycotoxin
type A, produces sometimes fatal toxic reactions in humans and animals
( P a n g et al., 1988; Anonymous, 2003; J o s e p h s, 2004).
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Acute high dose of T-2 toxin has a potentially inhibitory effect on the
membrane structure, which consequently stimulates lipid peroxidation. T-2 to-
xin affects actively dividing cells and irreversible post-mitotic cells (G r i z z l e
et al., 2004; P e s t k a 2004), interacts with a number of targets, including the
ribosome and the mitochondria (S p e i j e r s and S p e i j e r s, 2004), and in-
hibits protein synthesis (U e n o, 1984) in all eukaryotic cells (L a r s e n et al.,
2004). Pro-inflamatory actions of the T-2 toxin are probably the most impor-
tant mechanisms of its acute toxicity, especially in permanent cells (B o n d y
and P e s t k a, 2000). They showed that trichothecene-mediated elevations in
cytokines, chemokines, and other immune related proteins are preceded by
up-regulation of mRNAs for these genes. The underlying mechanism for such
effects is induction of COX-2 (I s l a m et al., 2002; P e s t k a et al., 2004).
Also, in the heart tissue, T-2 toxin activates a large number of mast cells (J a -
ã e v i ã et al., 2001b; J a ã e v i ã, 2005; J a ã e v i ã et al., 2006), synthesis
and degranulation of numerous mediators which play an important role in the
pathogenesis of T-2 mycotoxicosis (B o n d y and P e s t k a, 2000).

The aim of this study was to investigate the protective effects of different
antidotes and their combinations on 24 hour survival and pathohistological
changes in the gut and heart of the rats acutely poisoned with 1.0 LD50 T-2
toxin (T2).

MATERIAL AND METHODS

The experiment was performed on adult Wistar rats, weighing 180—220
g (Animal House, Military Medical Academy, Belgrade, Serbia). The animals
were housed in plastic cages, under standard laboratory conditions (21°C,
12/24 hour light/dark cycle, commercial food and tap water ad libitum), before
being randomized into experimental groups. One day before the experiment,
animals were fasting. During the subsequent experiment, they were fed with
standard laboratory food ad libitum. They were allowed access to fresh tap
water ad libitum.

In order to obtain the optimal doses of dexamethasone (DM), methylpred-
nisolone (Lemod-solu®, LS; Lemod-depo®, LD; and their combination, LS + LD),
nimesulide (NM), N-acetylcysteine (Fluimucil®; NAC), Amifostine (WR-2721,
AMI), Activated charcoal (AC) and different Min-a-zel® formulations (M, MP,
MD, M32 and M+), a range of their doses was previously tested (J o v a n o -
v i ã, 1992; J a ã e v i ã et al., 2001a; J a ã e v i ã et al., 2002; J a ã e v i ã et
al., 2003; J a ã e v i ã et al., 2006) (Table 1).
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Tab. 1 — Effects of various methylprednisolone regimens on 24-hour survival in rats poisoned
with T-2 toxin

Regimens T-2 toxin LD50
(mg/kg sc)

95%
confidence limits

f(LD50) Protective
index (PI)

DM 1.65 1.35—1.80 1.67 3.37
LS 0.44 0.35—0.55 1.25 2.43
LD 0.48 0.36—0.63 1.32 2.64
LS + LD 0.45 0.30—0.45 1.48 2.48
NM 1.53 1.39—1.69 1.10 1.44
NAC 1.22 1.19—1.27 1.19 1.29
LS + NM 1.55 0.47—0.30 1.15 2.34
LS + NAC 0.76 0.51—1.12 1.48 2.16
NM + NAC 1.24 1.57—2.22 1.15 1.22
AMI 1.95 1.56—2.42 1.25 1.26
AC 1.31 0.95—1.74 1.27 1.13
M 1.31 1.05—1.33 1.37 1.17
MP 1.21 0.95—1.53 1.27 1.33
MD 0.95 0.75—1.19 1.26 1.04
M32 0.67 0.49—0.93 1.38 0.74
M+ 1.61 1.42—1.81 1.13 1.77

The rats were randomly allocated to 18 groups, each of them consisting
of 10 animals. Their treatments were:

(1) The control group, (2) T2, (3) T2 + DM, (4) T2 + LS, (5) T-2 + LD,
(6) T-2 + LS + LD, (7) T2 + NM, (8) T2 + NAC, (9) T2 + LS + NM, (10) T2
+ LS + NAC, (11) T2 + NM + NAC, (12) T2 + AMI, (13) T2 + AC, (14) T2
+ M, (15) T2 + MP, (16) T2 + MD, (17) T2 + M32 and (18) T2 + M+.

Following the registration, 24 hour survival and pathohistological changes
were monitored after 28 days. General health condition of the animals was
monitored daily, throughout the whole experimental period (four weeks).

Study protocol was based on the Guidelines for Animal Study no. 282-
-12/2002 (Ethics Committee of the Military Medical Academy, Belgrade, Ser-
bia).

T-2 toxin (T2) used in these experiments was produced under the labo-
ratory conditions from Fusarium sporotrichoides fungi, cultivated on synthetic
GPY medium (glucose 5%, peptone 0.1%, yeast extract 0.1%, pH 5.4). Extrac-
tion and crude purification of the toxin were performed by filtration, while de-
finite purification and determination of T-2 toxin content were performed by
gas chromatography with electron capture detection (GC-ECD) (R o m e r, 1987).
T-2 toxin was preliminarily tested an animals in order to obtain its LD50 value
(L i t c h f i e l d and W i l c o x o n, 1949; J a ã e v i ã et al., 2001a). It was
thereafter used in the current experiment as a single dose of 0.23 mg/kg sc (1
LD50).

Dexamethasone was used in a single dose of 20 mg/kg sc. Commercially
available formulation of methylprednisolone, Lemod-solu® or/and Lemod-de-
po®, was used in a single dose of 40 mg/kg sc. A dose of 30 mg/kg of nime-
sulide was dissolved in 1 ml of 0.9% NaCl before im application. Fluimucil®

contains 200 mg of N-acetylcysteine in 1 ml. It was a single injected im dose
in these experiments. Activated charcoal in a dose of 1 g/kg was dissolved in
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1 ml of 0.9% NaCl before po application. Amifostine (WR-2721) was synthe-
sized of the Chemical Department of Military Technical Institute, Belgrade.
Amifostine, in a dose of 50 mg/kg, was also dissolved in 1 ml of 0.9% NaCl
immediately before im use. Five different commercially available formulations
of Min-a-zel® absorbents were used in these experiments. These absorbents
were dissolved in 1 ml of 0.9% NaCl before po administration.

Animals were sacrificed, after 28 ended treatment days. The gut and heart
were excised and their samples were fixed in 10% neutral formalin for 5 days.
Transmural tissue samples were dehydrated in graded alcohol, xylol and em-
bedded in paraffin blocks. Finally, 2-mm of thick paraffin sections were stai-
ned by haematoxylin and eosin (H & E) method and analyzed (Olympus-2
microscope).

RESULTS AND DISSCUSION

Registration of 24 hour survival rates revealed that all the regimens
significantly antagonized the lethal effects of T-2 toxin. Based on the results
shown in Table 1, it could be seen that the highest protective index was obtai-
ned with DM and LD, respectively.

During the 4 week period, in the gastrointestinal tract, T-2 toxin caused
diffuse epithelium deficit, erosions, ulcerations, hyperemia, transmural edema,
atrophy of intestinal villi, cystic deformation of the stomach, and small intesti-
ne glands with diffuse accumulation of polymorphonuclear cells (Figure 1).

Myocardial alterations detected in the poisoned animals ranged from de-
generation to diffuse necrosis of all the myocardiocytes and included massive
vascular changes, too. Such areas were most prominent in the inner part of the

48

Fig. 1. — The small intestine of rats treated
by T-2 toxin, 28 day (HE, 20x)



myocardium, and in all layers of endocardium. The most striking finding was
the presence of haemorrhagic foci in the interstitium that separates the bundles
and fibres of myocardium. This haemorrhage appeared uniformly in each of
the examined sections, and was located in the middle of myocardial or suben-
docardial areas (Figure 2).

The histological changes observed from the gut section of these animals
varied from intracellular edema to focal necrosis of the epithelial cells and
mild hemorrhagic infiltration. These areas were present in the focal part of the
tunica mucosa and some layers of the tunica submucosa. Dissolution and
granularity of cytoplasm were observed in 50 percent of the stomach and small
intestine. The presence of polymorphonuclear cell infiltration, diffuse hypere-
mia and hemorrhagic foci were more prominent in the poisoned group treated
with LD, LS + LD, NM, NAC, AMI, AC, MD and M32. In the group of poi-
soned animals protected with LS, LS + NM or NAC, AMI + AC and M+, de-
scribed histological changes were the smallest. After the 4 week period, the
guts of rats treated with combination of LS and NM, or AMI + AC, and
especially LS and M+ alone (Figure 3) had histological structure similar to the
those of the control group.

The quality of pathohistological changes in this experimental group was
similar to that observed in the poisoned rats, protected with solu form of
methylprednisolone. However, the intensity of degeneration and vascular infil-
tration was stronger in NM, NAC, AMI, AC, MD and M32 groups. The pre-
sence of mononuclear cell infiltration, diffuse hyperaemia and haemorrhagic
foci was more prominent in the inner part of the myocardium and all layers of
endocardium. Single injection of LS in poisoned rats showed significant cardi-
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Fig. 2. — Miocardium of rats treated by T-2 toxin,
28 day (HE, 20x)



oprotective efficiacy, in comparison with animals that received T-2 toxin only
(Figure 4). During the whole experimental period, these values remained sig-
nificantly higher than those in the control animals. Cardioprotective efficiacy
was registered in the other protected groups, but the values obtained were
significantly less than in the control group and LS.
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Fig. 3. — The small intestine of rats treated by T-2 toxin
and M+, 28 day (HE, 20x)

Fig. 4. — Myocardium of rats treated by T-2 toxin
and LS, 28 day (HE, 20x)



CONCLUSION

In summary, the steroidal anti-inflammatory drugs could be recommended
as a regimen of choice for treatment of acute T-2 toxicosis, while the nonste-
roidal anti-inflammatory compounds, different absorbent formulations and their
combinations with anti-oxidants or radioprotectors could be important for the
treatment of subacute and chronic T-2 toxin poisonings.
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OSNOVNI MEHANIZMI OŠTEÃEWA ÃELIJA KOD TROVAWA
T-2 TOKSINOM: UTICAJ NA IZBOR I ISHOD TERAPIJE
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Rezime

T-2 mikotoksin, sekundarni metabolit gqivica iz roda Fusarium, jedan je
od najtoksiånijih predstavnika trihotecenskih mikotoksina tipa A. Wegove
osnovne osobine, prvenstveno velika stabilnost u prirodi, jeftina proizvod-
wa, teška detekcija i još uvek nepostojawe adekvatnog antidota, åine ga veoma
dobrim potencijalnim bojnim otrovom. Posle unošewa, u organizmu otrovane
jedinke T-2 toksin se u ãelijama vezuje za receptore na ribozomima i pokreãe
seriju kaskadnih reakcija koje za posledicu imaju smawewe stabilnosti gRNK i
poveãanu ekspresiju proinflamatornih gena koji su izmeðu ostalog odgovorni
za nastanak anoreksije, gubitak telesne mase, imunosupresiju, autoimunih efe-
kata i ošteãewe veãine tkiva. Toksiåno ošteãewe ciqnih organa, nastalo pod
dejstvom T-2 toksina, posledica je wegovog citotoksiånog efekta na labilne
ãelije i proinflamatornog efekta na stabilne ãelije u organizmu ÿivotiwa i
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qudi. S obzirom na napred iznete åiwenice, jasno je što je u našim istraÿi-
vawima najboqi terapijski efekat, kod akutnog trovawa T-2 toksinom, postig-
nut primenom antiinflamatornih lekova steroidne strukture, prvenstveno dek-
sametazona (ZI = 3,37) i razliåitih oblika metilprednizolona (ZI = 2,43—2,64).
Osim toga, antiinflamatorni lekovi nesteroidne strukture ispoqili su zna-
åajan terapijski efekat, nimesulid (ZI = 1,44) i N-acetlilcistein (ZI = 1,29), ali
se wihovo zaštitno dejstvo potencira u kombinaciji sa metilprednisolonom
(ZI = 2,16—2,34). Terapijsku efikasnost ispoqili su radioprotektor amifo-
stin (WR-2721) (ZI = 1,26) i/ili razliåiti apsorbensi. Od primewenih apsor-
benasa, kao što su aktivni ugaq (ZI = 1,13) i razliåiti oblici Min-a-zel-a®,
najveãi protekivni efekat ispoqio je Min-a-zel Plus® oblik klinoptiolin-
skog zeolita (ZI = 1,77). Na osnovu prikazanih rezultata, a u skladu sa åiweni-
com da je citotoksiåno i proinflamatorno dejstvo T-2 toksina u direktnoj
srazmeri sa wegovom akutnom toksiånošãu, u potpunosti je opravdano kori-
šãewe visokih doza antiinflamatornih lekova steroidne strukture u terapiji
akutnog trovawa T-2 toksinom. Sa druge strane, u terapiji subakutnih ili hro-
niånih trovawa T-2 toksinom, preporuåuje se upotreba antiinflamatornih le-
kova nesteroidne strukture, razliåitih apsorbenasa, ili wihove kombinovane
primene sa antioksidansima ili radioprotektorima.
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THE PRESENCE OF OCHRATOXIN, A RESIDUE
IN BLOOD PLASMA OF SLAUGHTERED SWINE

ABSTRACT: The aim and task of this study was to determine the presence of ochra-
toxin A (OTA) residue in blood of swine, slaughtered regularly. The fact that ochratoxin A
is heterogeneously distributed in a contaminated lot of feed material, makes the sampling
problematic. It has been shown that an alternative method to monitor the presence of
ochratoxin A in the feed is to analyse blood samples from swine, which reflect the toxin
content of the ingested feed. With the aim of determining the presence of ochratoxin A resi-
due in blood of swine slaughtered regularly, and originating from different areas of Vojvo-
dina and Serbia, the samples were collected from the corresponding slaughter. During a
three month investigation period, a total of 60 blood samples were analysed. Spectrofluori-
metric method was applied for sample analysis. The presence of the OTA residue was fo-
und in 56,6% of the examined plasma samples. The average OTA concentration in plasma
was 2.91 ± 4.91 ng/mL (0,0—33,3 ng/mL). The experiment showed that the average OTA
concentration in plasma samples originating from different areas of Vojvodina and Serbia,
was not significantly low (p > 0,05).

KEY WORDS: ochratoxin A, plasma, residue, swine

INTRODUCTION

Ochratoxin A (OTA) is a mycotoxin produced by several fungi of genera
Aspergillus and Penicillium, A. ochraceus principally in tropical parts of the
world (23) and P. verrucosum in temperate climates (19). OTA has been found
predominantly in cereal and cereal products, but also in a variety of other food
commodities (1, 22, 26, 28). OTA has been suggested to be a determinant of a
disease known under the name of Balkan Endemic Nephrophaty (BEN). This
mycotoxin has a special role in the genesis of swine mycotoxic nephropathy
(12). Toxin production usually occurs during the storage. The distribute of
OTA in the stored grains is very heterogeneous, making analysis and dietary
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exposure assessment of animals difficult. However, exposure of animals may
also be assessed from analysis of blood levels. The high concentration in a
swine blood is due to a relatively long half-life of OTA in this tissue (3,7 ± 6
days) (13), as a consequence of the strong bindings between OTA and serum
albumin (7). H u l t et al. (1979) demonstrated that the level of OTA in blood
is very expressive of the general exposure of the individuals to this mycotoxin,
and would be a useful tool in diagnosing ochratoxicosis.

It has also been demonstrated that OTA accumulates in blood and edible
organs, especially kidneys. Therefore, pork products, especially those that in-
clude blood and kidney, are considered to be an important source of OTA in
humans (5). Surveys of swine for OTA in blood and/or edible tissues have
been carried out in several countries: Denmark (10), Germany (5, 15, 16, 17),
Hungary (25), Norway (15). The purpose of this work was to monitor the pre-
sence of OTA in the blood of slaughtered swine, and to investigate its regional
distribution.

MATERIALS AND METHODS

Reagents

OTA and Carboxypeptidase A enzyme were purchased from Sigma Che-
mical Co (St Louis MO, USA). Diluted standard solution of OTA was prepa-
red from a stock solution (10—4 M OTA) in buffer, which was stored frozen.
The concentration of the stock solution was determined spectrophotometrically
at 380 nm, using a value of 5680 M—1 cm for an extinction coefficient.
Carboxypeptidase A was prepared in 0,04 M tris (hydroxyl-methyl) aminomet-
hane sulfuric acid buffer, pH 7,5, 1 M sodium chloride (100 U/mL). All other
solvents and reagents were analytical grade.

Sample collection

Blood serum was collected from slaughtered swine (n-60) originating
from three different areas of Vojvodina and Serbia, where a significant swine
industry was, during a three month investigation period (april—june). Slaug-
htered swine were randomly sampled in the slaughterhouse. About 100 mL
blood was sampled when slaughtered swine were bled by jugular puncture.
Three sodium citrate (TCT) was used as an anticoagulant. Blood samples were
centrifuged at 3000 g for 15 min. Serum was decanted and stored at –18°C
prior to analysis. Spectrofluorimetric method was applied for sample analysis
(9), with detection limit of 2 ng/mL of OTA and 78% recovery.

RESULTS AND DISSCUSION

The results obtained during a three month investigation period are presen-
ted in Table 1. The results of this study show that thirty four serum samples

56



(56,6%), out of 60, were found positive with toxin at levels ranging from 0,0
to 33,3 ng/mL. The average concentration was 2,91 ± 4,91 ng/mL. Of these
positive samples, the highest incidence (73,3%), concentration (33,3 ng/mL),
and mean level of OTA were found in the samples originating from Kovilj re-
gion (5,26 ± 8,22 ng/mL), while the lowest incidence (40%) and mean level of
OTA residue were established in the samples originating from Šabac region
(1,41 ± 1,86 ng/mL). The results of this study show that the mean level of
OTA among the regions where samples were collected, are very similar, but
the incidences of OTA are different (Figure 1 and 2). The highest incidence of
ochratoxin A residue was established in the samples collected in june (80%),
while the lowest incidence of ochratoxin A residue was established in the sam-
ples collected in may (20%). During the whole period of investigation, the
average OTA differences between the samples originating from the studied re-
gions were not significantly low (p > 0,05).

In comparison with other recently published data about the occurrence
and concentration of OTA in blood serum, these results are similar to the stu-
dies carried out in other European countries (3, 4, 1, 15, 19, 21). This results
indicate that pork products (meat, kidney, blood, and liver) are frequently con-
taminated with OTA (14, 27). Consequently, foods containing pork liver and
blood or plasma, e.g. liver paste and processed meat products, could be impor-
tant sources of OTA in humans (5, 8). However, when comparing data it sho-
uld be remembered that factors such as climate conditions during harvest,
practices for grain/feed storage, kinds of feed, etc. have influence on the
ochratoxin A levels found in swine edible organs. The annual variation and re-
gional differences were primarily due to the moisture content of the grain at
the time of harvest. Seasonal variations were also observed after prolonged
storage of the grain.

Tab. 1 — Occurrence of ochratoxin A residue (X ± Sd) in serum samples (ng/mL)

Region n Positives samples
(n)

Positive samples
(%)

X ± Sd
ng/mL

Baåka Topola 15 10 66,6 2,17 ± 1,70
(0,0—5,2)

Kovilj 15 11 73,3 5,26 ± 8,22
(0,0—33,3)

Šabac 15 6 40 1,41 ± 1,86
(0,0—5,0)

Senta 15 7 46,6 2,66 ± 4,34
(0,0—16,0)

Total 60 34 56,6 2,91 ± 4,91
(0,0—33,3)

57



58

Fig. 1 — The average concentration of OTA residue during the investigation period

Fig. 2 — The average incidence of OTA residue during the investigation period



CONCLUSIONS

The results of this study show that a thirty four serum samples (56,6%),
out of 60, were found contaminated with toxin at levels ranging from 0,0 to
33,3 ng/mL. The average concentration was 2,91 ± 4,91 ng/mL. Of these posi-
tive samples, the highest incidence (73,3%), concentration (33,3 ng/mL), and
mean level of OTA residue were found in the samples originating from Kovilj
region (5,26 ± 8,22 ng/mL), while the lowest incidence (40%) and mean level
of OTA residue were established in the samples originating from Šabac region
(1,41 ± 1,86 ng/mL). During the whole period of the investigation, the average
OTA differences between samples originating from the studied regions were
not significantly low (p > 0,05).

The results of this study demonstrate that the detected residue of OTA in
blood serum of slaughtered swine, with incidence and mean level of OTA in
blood plasma, is comparable to that from the other European countries, but a
more extensive survey is advisable in order to obtain a more realistic over-
view. The distribution of OTA in stored grains is very heterogeneous, alterna-
tive method to monitor the presence of ochratoxin A in the feed is to analyse
swine blood samples, which reflect the toxin content of the ingested feed.
Also, assays of OTA in the blood can provide a level of OTA in other tissues,
because blood concentrations are highly correlated with tissue levels. With re-
gard to the national legislation on OTA in animal feed, maximum tolerable le-
vels of OTA are established only for complete feedmixes, intended for swine
and poultry, while for feed component they have not been proposed for esta-
blished yet. In addition, it is necessary to harmonize the national legislation on
sampling methods, and OTA limits in animal feed with EU regulations. In or-
der to reduce the colonization of ohratoxigenic mold and toxin production in
feed, there is a need for implementation of adequate control of moisture (aw)
and temperature, during transport and storage. Programs such as GAP, GMP,
and GHP implemented a HACCP system which is a powerful tool for contro-
ling OTA in commodity system.
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Rezime

U ovom radu prikazani su rezultati ispitivawa prisustva rezidua ohra-
toksina A u krvnoj plazmi, kliniåki zdravih, redovno zaklanih, tovnih sviwa.
Distribucija ohratoksina A (OTA) u uskladištenoj hrani je veoma heterogena,
što dosta oteÿava uzorkovawe, a samim tim i pravilnu procenu alimentarne
izloÿenosti qudi i ÿivotiwa ovom toksinu. Jedan od alternativnih naåina za
praãewe kontaminacije hrane OTA je analiza krvi koja dosta pouzdano reflek-
tuje prisustvo OTA u hrani. Za ispitivawe prisustva rezidua OTA u krvnoj
plazmi zaklanih sviwa poreklom iz Vojvodine i dela zapadne Srbije, na liniji
klawa tokom veterinarsko-sanitarnog pregleda zaklanih sviwa, metodom sluåaj-
nog uzorkovawa uzimani su uzorci krvi sviwa. Tokom tromeseånih ispitivawa
ukupno je analizirano 60 uzoraka krvne plazme.

Prisustvo rezidua OTA je utvrðeno u 56,6% ispitivanih uzoraka krvne
plazme, dok je proseåan sadrÿaj OTA u ispitivanim uzorcima krvne plazme bio
2.91 ± 4.91 ng/mL (0,0—33,3 ng/mL). Najveãa zastupqenost (73,3%), proseåan sa-
drÿaj (5,26 ± 8,22 ng/mL) i koncentracija rezidua OTA (33,3 ng/mL) zabeleÿeni
su u uzorcima krvne plazme sviwa poreklom sa lokaliteta Koviq, dok su naj-
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mawi zastupqenost (40%) i proseåan sadrÿaj rezidua OTA (1,41 ± 1,86 ng/mL)
zabeleÿeni u uzorcima krvne plazme sviwa poreklom sa lokaliteta Šabac.
Proseåan sadrÿaj OTA u uzorcima krvne plazme sa odgovarajuãih lokaliteta
nije se statistiåki znaåajno razlikovao (r > 0,05). Analiza krvi dosta pouzdano
reflektuje prisustvo OTA u hrani i moÿe se uspešno koristiti kao sredstvo u
dijagnostici ohratoksikoza, naroåito supkliniåkih koje su najåešãe zabeleÿe-
ne na našim prostorima. Na bazi poznate koncentracije OTA u krvi moguãe je
odrediti sadrÿaj OTA u ostalim tkivima. Postojeãi pravilnik o maksimalnim
koliåinama propisuje maksimalne koliåine OTA samo za kompletne smeše i to
za sviwe i ÿivinu, dok hraniva nisu obuhvaãena. Neophodno je da postojeãa za-
konska regulativa pretrpi znatno veãe promene i uskladi se sa odredbama EU
koje standardizuju uzimawe uzoraka za analizu i sadrÿaj OTA u hrani za ÿivo-
tiwe. U ciqu spreåavawa kontaminacije hrane plesnima i OTA neophodna je
primena adekvatnih mera u kontroli temperature i vlage (aw) tokom transporta
i skladištewa. Primenom mera dobre poqoprivredne prakse (GAP), dobre pro-
izvoðaåke prakse (GMP), dobre higijenske prakse (GHP), dobre skladišne prak-
se (GSP), implementiranih u sistem HACCP predstavqaju efikasno sredstvo u
prevenciji kontaminacije hrane plesnima i wihovim toksiånim produktima
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GROWTH INHIBITION OF SOME EUROTIUM AND
ASPERGILLUS SPECIES WITH SPICE EXTRACTS

ABSTRACT: The antifungal activity of spice extracts obtained from caraway seed,
garlic and origanum was tested against antifungal activity of Eurotium herbariorum, E. am-
stelodami, Aspergillus flavus and A. sydowii. Caraway seed extract has been proved to pos-
sess the highest inhibitory effect on all investigated mould species. The concentrations of
caraway extract, sufficient to inhibite the growth completely were: 0,5% for E. herbario-
rum, E. amstelodami and A. sydowii, and 1% for A. flavus; of garlic, 1% for Eurotium spp.
and 2% for A. sydowii, and of origanum, 1% for E. herbariorum and 2% for E. amsteloda-
mi. The results of colonies diameter measuring showed that garlic and origanum extracts
have no significant supressing ability on micellar growth of A. flavus, while garlic was mo-
re efficient in other test cultures.

KEY WORDS: spice extracts, antifungal activity, moulds

INTRODUCTION

Natural antimicrobic agents extracted from plants are very interesting, and
their activity was investigated by many researches. In food production, their
importance is increasing, as being a possible choice for food protection from
microorganisms. In that way, the use of synthetic preservers would decrease
( A r o r a and K a u r, 1999; N i e l s e n and R i o s, 2000; S m i t h - P a l -
m e r et al., 2001; L o p e z - M a l o et al., 2002; M o r e i r a et al., 2005).
Most preservers are believed to have a bad influence on human health.

Some kinds of spice herbs, besides their use as flavour ingredients of
food, possess antimicrobial properties. Mustard, sage, rosemary, and thyme are
outstanding in their expressive antimicrobial activity. Essential oils, e.g. their
active components (eugenol, carvacrol, thymol, cinnamaldehyde, allyn, limone-
ne, geraniol, etc.) are the antimicrobial agents of spices (S a v i ã and D a n o n,
1982; M o n t v i l l e and M a t t h e w s, 2005).

Numerous species of moulds cause food deterioration, however, some
species are producers of different toxic substances. Aflatoxins (AF) and steri-
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gmatocystine (ST) are toxic secondary metabolites of some Aspergillus and
Eurotium species, which are important contaminants and potential causes of
spoilage of intermediate and low-moisture content food (P i t t and H o c k i n g,
1985; G u y e n o t et al., 2003; D i m i ã et al., 2005).

Antifungal activity of three kinds of spices against toxigenic moulds, E.
herbariorum, E. amstelodami and A. sydowii, potential producers of sterigma-
tocystine and aflatoxigenic A. flavus, was investigated in this work. These mo-
ulds are related since aflatoxins and sterigmatocystine have a common precur-
sor in their biosynthesis, and sterigmatocystine can be converted into aflatoxin
B1 (K e l l e r et al., 1997; D u r a k o v i ã and D u r a k o v i ã, 2003).

MATERIALS AND METHODS

Isolates of moulds

Moulds including E. herbariorum, E. amstelodami, A. flavus and A.
sydowii, isolated from different spices, were used as test microorganisms. The
cultures used in this experiment were cultivated on slant Saboraud maltose
agar (SMA) for 7 days, at 25°C.

Spices

Extracts of spice herbs: caraway seeds, garlic, and origanum were sup-
plied by “Etol Celje", Slovenija.

Medium

SMA medium was used to follow the growth inhibition of moulds. The
medium was poured into 250 ml Erlenmayer flasks and autoclaved at 121°C,
for 15 min. After sterilization, 0; 0,07; 0,1; 0,5; 1 and 2% concentrations of
spice extracts were added into flasks.

Antifungal investigations

After the addition of spice extracts, equal portions of SMA medium were
poured into sterile Petri plates. Each concentration was prepared in triplicate.
Inoculation was performed by transfering conidia into the center of agar medi-
um, as a point. Mould growth inhibition was estimated measuring the diameter
of colonies every day during the incubation at 25°C, for 7 days.
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RESULTS

Inhibitory effect of three kinds of spice extracts on two Eurotium, and
two Aspergillus species was investigated. Lower concentration of caraway seed
extract (0,07 and 0,1%) affected all four toxigenic moulds, during 7 days of
incubation at 25°C (Table 1). The activity against E. herbariorum was higher
(47 and 76,5%), while the growth inhibition of A. flavus was insignificant (5,1
and 18,6%). Compared to the control, the effect on E. amstelodami and A.
sydowii was similar. Caraway seed extract inhibited completely the growth of
E. herbariourum, E. amstelodami and A. sydowii, in concentration of 0,5%.
The same concentration inhibited partially the growth of A. flavus (88,1%).
Total growth inhibition was achieved with 1% concentration.

Tab. 1 — Antifungal activity of caraway extract on the growth of moulds

Conc. (%)
Micelial growth inhibition (%)

E. herbariorum E. amstelodami A. flavus A. sydowii

0.07 47 22.2 5.1 25
0.1 76.5 50 18.6 39.3
0.5 100 100 88.1 100
1 100 100 100 100
2 100 100 100 100

No inhibitory effect of garlic extract (0,07 and 0,1%) (Table 2) on A. fla-
vus was found. On the contrary, 0,07% of garlic extract insignificantly stimu-
lates the growth of this mould. As shown in Table 2, 0,1% at garlic extract
decreased the growth of E. herbariorum by 41,4%, E. amstelodami by 33,3%
and A. sydowii by 10,7%. The concentration of 0,5% was not sufficiently effi-
cient to prevent significantly the growth of the investigated moulds, A. flavus
especially. Garlic extract inhibited completely the growth of both Eurotium
species in concentration of 1%, insignificantly (32,2%) of A. flavus, and
partially (85,7%) of A. sydowii. A. sydowii was completely inhibited at 2% le-
vel of garlic extract, but A. flavus was not (42,4%).

Tab. 2 — Antifungal activity of garlic extract on the growth of moulds

Conc. (%)
Micelial growth inhibition (%)

E. herbariorum E. amstelodami A. flavus A. sydowii

0.07 11.7 27.8 0* 7.1
0.1 41.4 33.3 0 10.7
0.5 52.9 61.1 5.1 42.8
1 100 100 32.2 85.7
2 100 100 42.4 100

* stimulation of micelial growth

Neither Eurotium, nor Aspergillus species showed sensitivity to 0,07%
extract of origanum (Table 3). Also, no inhibition activity against A. sydowii at
low concentrations (0,07 and 0,1%) was found, moreover, 0,07% extract even
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favoured the micellar growth. Origanum extract inhibited completely inhibited
the growth of E. herbariorum and E. amstelodami at higher concentrations (1
and 2%), and almost totally (96,4%) the growth of A. sydowii at 2% level. No
particular effect was exposed on A. flavus.

Tab. 3 — Antifungal activity of origanum extract on the growth of moulds

Conc. (%)
Micelial growth inhibition (%)

E. herbariorum E. amstelodami A. flavus A. sydowii

0.07 0 0 0 0*
0.1 11.8 5.5 1.7 0
0.5 47 33.3 10.2 10.7
1 100 66.7 18.6 46.4
2 100 100 49.1 96.4

* stimulation of micelial growth

The effect of caraway seed extract on germination and growth rate of E.
herbariorum, E. amstelodami, A. flavus and A. sydowii during seven days of
incubation, is presented in Figure 1, having in mind that caraway expressed
the strongest inhibition effect in our experiments.
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The decrease of growth rate with increased content of caraway in the agar
medium was more expressed in E. herbariorum, than in other mould species,
both at the beginning and at the end of incubation. The beginning of germina-
tion, compared to the control, was delayed for three (0,07%) and six days
(0,1%). In all caraway treatments, where E. amstelodami was growing, the rate
of colonies spreading was higher, and the germination was inhibited only at
concentration of 0,1%, in two days. The observation for A. sydowii growth
was similar. At lower levels of caraway extract (0,07 and 0,1%), the growth of
A. flavus was the same as in the control. The diameters of colonies differed
only in 0,1 cm. Although the beginning of the growth was not affected by
0,07 and 0,1% of caraway, difference in growth rate was observed later. This
difference was practically at the same level, till the end of the experiment. In
case of 0,5% concentration, the colonies of A. flavus became visible only the
fifth day after the inoculation of agar plates.

Sporulation of all moulds decreased with the increase of content of ca-
raway, garlic and origanum extracts. The highest concentrations where growth
of moulds was evident, caused greatest changes in appearance of colonies
compared to the control.

DISCUSSION

These experiments have shown that caraway seed, garlic and origanum
have antifungal activity against the tested toxigenic Eurotium and Aspergillus
species. Caraway in concentrations higher than 0,5%, efficiently prevents the
growth of moulds. Eurotium spp. exhibited higher sensibility. E. herbariorum
was the most sensitive to caraway extract. Garlic extract is also a significant
antifungal agent for the same kinds, however, for A. sydowii, hit was not so
efficient as a caraway seed extract. The tested organisms were less sensitive to
origanum, compared with garlic. Spice extracts had the lowest effect on A. fla-
vus.

Garlic and origanum have some inhibitory effects, however, neither of
them is significantly efficient in growth reduction of A. flavus. N e i l s e n and
R i o s (2000) investigated some spices and found garlic to be efficient in
growth inhibition of Emericella fibuliger, Penicillium commune, P. corylo-
philum, P. roqueforti and P. solitum, however, the inhibition of A. flavus
growth was very poor, similar to origanum. In general, the inhibitory potential
of origanum for these species was week, whereas vanilla had no effect at all.

Caraway is the spice which has high inhibitory effect on growth of mo-
ulds. This effect can be compared to clove (M a l b r o u k and E l - S h a y e b,
1980). This activity can be attributed to the presence of carvon and limonene,
present in caraway seed essential oil in significant quantities (50 to 85%, and
20 to 30%), respectively (S a v i ã and D a n o n, 1982).

It was found that the essential oils of caraway, clove, onion, and garlic
may affect preventively the synthesis of sterigmatocystin and aflatoxin (H i -
t o k o t o et al., 1980; H a s a n and M a h m o u d, 1993). The combined ef-
fect of 16 spices and different water activities (0,80 to 0,90 aw) on Eurotium
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spp. (E. amstelodami, E. herbariorum, E. repens and E. rubrum) was tested,
and the results have shown a complete inhibitory effect of lemongrass, clove,
cinammon, bay and thyme at all aw values (G u y e n o t et al., 2003). The
inhibitory effect of garlic was stated many times (M e i - C h i n and W e n -
- S h e n, 1998; Y i n and T s a o, 1999; B e n k e b l i a, 2004).

The essential origanum oil is rich in timol and carvakrol, and this spice is
a very strong growth inhibitor of A. niger (B a r a t t a et al., 1998) and A.
ochraceus, procuder of ochratoxin A (B a s i l i c o and B a s i l i c o, 1999).
Ö z c a n (1998) found that origanum extract, besides thyme and savory (out
of 31 tested ones), inhibits completely the growth A. parasiticus, in 2% con-
centration during incubation at 30°C, for 10 days.

The spice extracts of caraway seed, garlic and origanum, investigated in
this work, caused morphological changes besides growth inhibition of coloni-
es, and this points to the possible changes on a cell level. The investigation of
cell ultrastructures of A. niger, after exposure to the effect of thyme essential
oil, showed damages of cell wall, cellular membrane and organellas (R a s s o -
l i et al., 2006).

CONCLUSION

Having in mind the obtained results, the investigated spice extracts can be
used to limit or prevent the development of harmful moulds in food (preser-
ved, or fresh stored food), as additives, surface prevention, or use in products
packed under modified atmosphere. A number of active components of spices
and their derivates are being further investigated.

LITERATURE

A r o r a, S. D., K a u r, J. (1999): Antimicrobial activity of spices, Int. J. of Antimicro-
bial Agents 12, 257—262.

B a s i l i c o, M. Z., B a s i l i c o, J. C. (1999): Inhibitory effects of some spice essential

oils on Aspergillus ochraceus NRRL 3174 growth and ochratoxin A production,
Letters in Applied Microbiology 23, 238—241.

B e n k e b l i a, N. (2004): Antimicrobial activity of essential oil extracts of various oni-

ons (Allium cepa) and (garlic (Allium sativum), Lebensm. Wiss. u. Technol. 37,
263—268.

D i m i ã, R. G., M a l e t i ã, M. Ÿ., K o c i ã - T a n a c k o v, D. S. (2005): Xerotolerant

mycopopulations and mycotoxins in muesli components, Matica Srpska Procee-
dings for Natural Sciences 109, 81—87.

D u r a k o v i ã, S., D u r a k o v i ã, L. (2003): Mikologija u biotehnologiji, Udÿbenici
Sveuåilišta u Zagrebu, Zagreb.

G u y e n o t, M. E., R a m o s, A. J., S e t o, L., P u r r o y, P., S a n c h i s, V., M a r i n,
S. (2003): Antifungal activity of volatile compounds generated by essential iols

against fungi commonly causing deterioration of bakery products, J. of Applied
Microbiology 94, 893—899.

68



H a s a n, H. A. H., M a h m o u d, A. L. E. (1993): Inhibitory effect of spice oils on li-

pase and Mycitoxin production, Zentralblatt für Mikrobiologie 148, 8, 543—548.
H i t o k o t o, H., M o r o z u m i, S., W a u k e, T., S a k a i, S., K u r a t a, H. (1980):

Inhibitory effects of spice on growth and toxin production of toxigenic fungi, Ap-
plied and Environmental Microbiology 39, 4, 818—822.

K e l l e r, N. P., N e s b i t t, C., S a r r, B., P h i l l i p s, T. D., B u r o w, G. B.
(1997): pH regulation of sterigmatocystin and aflatoxin biosyntesis in Aspergillus

spp, Phytopathology 87, 6, 643—648.
L o p e z - M a l o, A., A l z a m o r a, M.S., P a l o u, E. (2002): Aspergillus flavus do-

se-response curves to selected natural and syntetic antimicrobials, Int. J. of Food
Protection 73, 2—3, 213—218.

M a b r o u k, S. S., E l - S h a y e b, M. A. N. (1980): Inhibition of aflatoxin formation

by some spices, Z. Lebensm. Unters. Forsch. 171, 344—347.
M e i - C h i n, Y., W e n - S h e n, C. (1998): Inhibition of Aspergillus niger and Asper-

gillus flavus by some herbs and spices, J. Food Protection 61, 1, 123—125.
M o n t v i l l e, J. T., M a r r h e w s, K. (2005): Food microbiology an introduction,

ASM Press, Washinton.
M o r e i r a, M. R., P o n c e, A. G., d e l V a l l e, C. E., R o u z a, S. I. (2005):

Inhibitory parameters of essential oils to reduce a foodborne pathogen, LWT 38,
565—579.

N i e l s e n, V. P., R i o s, R. (2000): Inhibition of fungal growth on bread, by volatile

components from spices and herbs, and the possible application in active packa-

ging, with special emphasis on mustard essential oil, Int. J. of Food Microbiology
60, 219—229.

P i t t, J. I., H o c k i n g, A. D. (1985): Fungi and food spoilage, CSIRO Division of
Food Research, Academic Press, Sidney.

R a s s o l i, I., M o h a m m a d, B. R., A l l a m e h, A. (2006): Growth inhibition and

morphological alterations of Aspergillus niger by essential oils from Thymus

eriocalyx and Thymus x- prorlock, Food Control 17, 359—364.
S a v i ã, I., D a n o n, J. (1982): Zaåini u preradi mesa, Veterinarski fakultet, Beograd.
S m i t h - P a l m e r, A., S t e w a r t, J., F y f e, L. (2001): The potencial application of

essential oils as natural food preservatives in soft cheese, Food Microbiolgy 18:
463—470.

Y i n , M e i - c h i n., T s a o S h i h - m i n g (1999): Inhibitory effect of seven Allium

plants upon the Aspergillus species, Int. J. of Food Microbiology 49, 49—56.

INHIBICIJA RASTA NEKIH EUROTIUM I ASPERGILLUS VRSTA
EKSTRAKTIMA ZAÅINA

Gordana R. Dimiã, Sunåica D. Kociã-Tanackov, Dragana Karaliã
Tehnološki fakultet, Bulevar Cara Lazara 1, Novi Sad, Srbija

Rezime

Ekstrakti zaåina dobijeni iz kima, belog luka i origana bili su ispitani
na antifungalni aktivitet prema Eurotium herbariorum, E. amstelodami, Aspergil-
lus flavus i A. sydowii. Ekstrakt kima imao je najjaåi inhibitorni efekat i to na
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sve tri vrste plesni. Koncentracije ekstrakta kima dovoqne da kompletno in-
hibiraju rast bile su 0,5% za E. herbariorum, E. amstelodami i A. sydowii i 1% za
A. flavus; za beli luk 1% za Eurotium spp. i 2% za A. sydowii i za origano 1% za
E. herbariorum i 2% za E. amstelodami. Rezultati merewa dijametra kolonija su
pokazali da ekstrakt belog luka i origana ne supresuju znaåajno micelarni rast
A. flavus, dok je beli luk bio efikasniji prema ostalim test-kulturama.
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ANTHRACNOSE — A NEW STRAWBERRY DISEASE
IN SERBIA AND ITS CONTROL BY FUNGICIDES

ABSTRACT: Anthracnose is a destructive disease of strawberry fruits in warm and
continental climate. During 2004, in the vicinity of Valjevo, there were severe losses in two
strawberry plantations due to fruit anthracnose. Two fungal isolates, GG-6A and GG-JUP
were recovered from strawberry stolons, and fruits showing severe anthracnose symptoms.
Based on morphological and pathological characteristics, and PCR analyses with specific
primers of reference species, isolate GG-6A was identified as Colletotrichum gloeosporioi-
des, and GG-JUP isolate as C. acutatum. This is the first identification of C. acutatum in
strawberry in Serbia.

In order to control strawberry anthracnose, five fungicides and their combinations
were applied four times during the flowering. The best fruit protection was achieved by
fungicides Metiram + piraclostrobin (Cabrio top), Captan FL and Fludioksinil + ciprodinil
(Swich). Less effective were Benomil (Benlate) and Krezoksim-metil (Stroby).

Pathogen is transmitted by planting material, so phytosanitary measures are extremely
important in preventing the disease.

KEY WORDS: anthracnose, Colletotrichum acutatum, planting material, strawberry
disease

INTRODUCTION

The strawberry (Fragaria x ananassa Duch.) production in Serbia, both
in the field and under the plastic, is increasing. Deficiency of certified planting
material is frequent, so the import is necessary. However, with importation of
the planting material there are possibilities of introducing new strawberry di-
seases.

In two new strawberry plantations founded by the imported planting ma-
terial, in the vicinity of Valjevo, a new disease was registered in 2004. The
first visible symptoms of fruit rotting were in the maturity, and yield was re-
duced over 80%. In 2005 the appearance of the disease was mild, and in 2006
it was weak.
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Anthracnose diseases of strawberry are caused by three fungal pathogens:
Colletotrichum acutatum J.H. Simmonds, C. fragariae Brooks and C. gloeo-
sporioides (Penz.) Penz & Sacc. (teleomorph Glomerella cingulata (Stone-
ham.) Schrenk & Spaulding). All three species incite diseases which cannot be
distinguished in the field by symptoms alone (P e r e s et al., 2005). C. fraga-
riae is most often associated with anthracnose crown rot of strawberry grown
in hot, humid areas, such as the southern United States. C. gloeosporioides
usually cause petiole and stolon lesions and crown rot on a strawberry, but
may also produce fruit symptoms (S m i t h, 1998).

Anthracnose, caused by C. acutatum is responsible for the major losses in
strawberry production worldwide. Fruit rot and flower blight are common
symptoms in fruiting fields (H o w a r d et al., 1992), whereas lesions on sto-
lons, petioles and leaves are particularly harmful in plant nurseries (F r e e -
m a n & K a t a n, 1997). C. acutatum was first described as a separate species
by Simmonds (S i m m o n d s, 1968). The teleomorph of the fungi was re-
cently described as Glomerella acutata Guerber & Correll (G u e r b e r &
C o r r e l l, 2001).

None of the three mentioned anthracnose diseases have been registered
on strawberry in Serbia even though gloeosporioides has been present for
many years as the pathogen of sour cherry, apple and other plants (I v a n o -
v i ã & I v a n o v i ã, 2005).

In order to study the causal agent of strawberry disease in new plantati-
ons, in the vicinity of Valjevo, and to optimize the control strategy for the di-
sease, this research has been carried out.

MATERIAL AND METHODS

Pathogen isolation and maintenance. Strawberry stolons and fruits from
naturally infected cv. Favet were collected in January and May in 2005 respec-
tively. Fruit lesions were clear, frequently coalesced and sporulated quickly,
but stolon lesions were atypical, unclear. Both fruit and stolon lesions were cut
in small sections, their surface was sterilised in 70% ethanol, cultured on a la-
boratory prepared potato dextrose agar (PDA), and kept under laboratory am-
bient conditions until colony was developed. Mycelial fragments were cut
from the edges of the developed colonies, and transferred to a new PDA to get
a pure culture. The cultures were stored on PDA slants at 10°C and transferred
every 4 weeks. Two isolates, GG-6A and GG-JUP recovered from stolons and
fruits, respectively, were chosen for further research. Reference isolates of C.
acutatum (TUT 137A) and C. gloeosporioides (AVO 37 4B), used in this
study, were acquired from V. Trkulja, Banja Luka, Republic of Srpska.

Colony growthrate assessment and spore dimensions. The effect of
PDA, carrot agar (CA), and oatmeal agar (OM) media on the colony growth
of two isolates GG-6A and GG-JUP, and reference isolates (TUT 137A and
AVO 37 4B) were studied under ambient laboratory conditions. The diameter
of colonies was measured after 9 and 15 days. Morphology of the colonies, the
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occurrence of sectors, and the vegetative and reproductive structures were de-
scribed after 14 days of incubation.

For conidial measurements, isolates were cultured under continuous fluo-
rescent light for 3 days at room temperature on PDA, to promote sporulation.
The spores were suspended in sterile water using a sterile needle. The length
and width of too condition were measured, using measuring program IM 1000,
and conidial shape was recorded at x400 magnification (10 x ocular, 40x
objective) using bright field microscope (Leica DMLS).

Pathogenicity test. Strawberry fruits were inoculated with previously men-
tioned four isolates. Spores were produced on PDA media. Cultures were floo-
ded with sterile distilled water and filtered through four layers of cheesecloth
to remove mycelia. Conidia concentration was determined using a haemocyto-
meter, and adjusted with sterile distilled water to 4 x 105 conidia per ml.
Strawberry fruits of cv. Favet were, just before the ripening, inoculated by
injecting 20 ml of conidial suspension. Control fruits were inoculated with 20
mm of sterile distilled water. Inoculated fruits were held on the top of the me-
tal screen in plastic containers at 25 ± 2°C. In other to maintain RH, hot water
was added to the bottom of each container which was then sealed tightly. Le-
sion diameter was measured for four days, after inoculation. The test was repe-
ated two times.

Nucleic acid extraction and PCR. Nucleic acid extraction was performed
following the protocol described by D a y and S h a t t o c k (1997). Extrac-
ted nucleic acids were resuspended in TE buffer and maintained at –20°C.
PCR was performed using ITS4 universal primer in pair with, in separated
reactions, primer CgInt specific for C. gloeosporioides, and CaInt2 specific for
C. acutatum. PCR was performed in 25 ml total volume composed of: 1X
PCR master mix (Fermentas, Lithuania) (0,625 U Taq polymerase, 2 mM
MgCl2, 0,2 mM of each dNTP, 1 ml of each primer (20 mM) and 1 ml of
extracted DNA. PCR conditions were 35 cycles: 94°C 1 min (denaturation),
59°C 2 min (annealing) and 72°C 2 min (extension). Visualization of PCR
products was performed in 1% agarose gel, stained with ethidium bromide, un-
der UV light.

Control of strawberry fruits anthracnose in naturally infected planta-
tion. Field trials for strawberry anthracnose control were conducted during
2005 and 2006 in naturally infected plantation in the vicinity of Valjevo. Five
fungicides, single or in a combination of two, were supplied by market compa-
nies in Serbia. The plot for each treatment consisted of double rows, 50 m
long (100 plants per each row planted in zigzag position). All trials were ar-
ranged in a completely randomised block design with three replications. Fungi-
cide treatments, doses and application timing are listed in Table 1. Fungicide
treatment was applied on 7 days schedule from the beginning of flowering till
the beginning of ripening (April 23 till May 16). Disease incidence was mea-
sured at each of the four harvests by collecting the fruits with anthracnose,
their measuring and comparing with the weight of diseased fruits in untreated
control plot.
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Tab. 1 — Treatments, doses and application timing of fungicides applied to control strawberry an-
thracnose

Fungicide —
Generic name

Fungicide
chemical name

Doses/ha
Data of application for
all fungicides (in 2005)

Kaptan FL Captan F 2,5 l

April 23; April 30;
May 7, and May 16.

Benfungin Benomil 1,0 kg
Stroby DF Krezoksim-metil 0,20 kg
Cabrio top Mertira + piraklostrobin 2,0 kg

Swich 62, 5WG Fludiksinil + Ciprodinil 0,80 kg

RESULTS

Diseases symptoms. The most visible symptoms of anthracnose on straw-
berry were on fruits at maturation. At the beginning infected fruit form of
brown, circular, sunken, initially water-soaked lesion (Figure 1). Under opti-
mal temperature (25°C) and humidity they rapidly increased, giving lesion of
1 to 2 cm in diameter within 3 to 4 days (Figure 2). With warm weather the
disease spreads fast causing fruit rotting. The symptoms on vegetative parts of
plants, stolons, leaves during the vegetation were unlikely to be seen.

Colony and spore morphology. Uniform colony growth of all investiga-
ted isolates was on the PDA and OM. The colonies filled Petri dishes, Ø 90
mm, after 15 days. Three isolates (GG-6A, GG-JUP and TUT 137 A) had sig-
nificantly less growth on CA than on PDA and OM (Table 2). Only reference
AVO 37 4B isolate (C. gloeosporioides) had the same colony diameter in all
three media. The colonies of GG-6A and GG-JUP isolates were effuse, first
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Fig. 1 — Water-soaked lesion on strawberry fruit caused by C. acutatum



white later becoming orange, then turning into greenish grey as the cultures
aged and later became covered with pink to salmon conidial masses on PDA.
Light orange spore masses were formed around the centre of the colony. Older
cultures developed black acervuli in the centre of the colony.

Tab. 2 — Effect of different media on colony growth of Colletotrichum isolated from strawberry
and two reference species C. acutatum and C. gloeosporioides

Fungi Media
Diameter of colony (mm) after days

9 15

GG-6A PDA 73.3 a 90.0 a
CA 62.7 b 83.3 b
OM 56.7 c 90.0 a

GG-JUP PDA 67.3 a 90.0 a
CA 34.3 b 45.0 b
OM 63.3 a 90.0 a

TUT-137A PDA 72.0 a 90.0 a
CA 28.0 c 37.0 b
OM 63.3 b 90.0 a

AVO 37 4B PDA 90.0 a 90.0 a
CA 86.3 b 90.0 a
OM 85.7 c 90.0 a

The same alphabet are not statistically different by Duncan test (P = 0.05)

Colony reverse was brownish orange to black. There were no differences
in the colony morphology among the mentioned isolates, nor among the two
reference isolates of Colletotrichum.
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Conidia were hyaline, unicellular, and cylindrical with obtuse apices and
tapering base. Conidia of GG-JUP isolate are usually ellipsoid and fusiform at
least at one end (Figure 3), while conidia of isolate GG-6A are typically ha-
ving both end rounded. Setae are not produced in the culture but are present in
diseased strawberry fruits. Pigmented appressoria are produced after the germi-
nation of the conidia and vary in shape and size. There was no registered
sexual stage formation under the laboratory conditions.

Conidial size has been given in Table 3. Average conidial length of TUT
137A reference isolate is statistically shorter than the conidial length of other
three isolates. However, GG-JUP and the referent isolate TUT 137A have sta-
tistically more similar conidia than GG-6A and AVO 37 4B. Concerning the
ratio of conidial length:width, GG-JUP and TUT 137 A did not differ statisti-
cally, but GG-6A and AVO 37 4B did (Table 4).
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Tab. 3 — Size of conidia of two isolates of Colletotrichum isolated from strawberry, and two re-
ference isolates C. acutatum (TUT 137A), and C. gloeosporioides (AVO 37 4B).

Isolate
Length of conidia (µm) Width of conidia (µm)

Min. Average Max. Min. Average Max.

GG-6A 12,63 15,31 ± 0,49 a 22,03 4,98 5,66 ± 0,08 a 6,53
GG-JUP 12,96 15,49 ± 0,38 a 19,37 3,77 4,57 ± 0,08 c 5,22
TUT 137A 12,59 14,08 ± 0,39 b 17,49 3,53 4,32 ± 0,09 c 5,01
AVO 37 4B 12,57 15,07 ± 0,35 a 17,24 4,68 5,78 ± 0,17 a 7,82

The same alphabet are not statistically different by Duncan test (P = 0.05)

Tab. 4 — Ratio of conidia length/width of two isolates of Colletotrichum isolated from straw-
berry, and two reference isolates C. acutatum (TUT 137A), and C. gloeosporioides (AVO 37 4B).

Isolate Min. Average Max.

GG-6A 2,56 2,98 ± 0,08 b 3,83
GG-JUP 2,76 3,42 ± 0,12 a 5,14
TUT 137A 2,78 3,27 ± 0,96 a 4,62
AVO 37 4B 1,63 2,65 ± 0,09 c 3,59

The same alphabet are not statistically different by Duncan test (P = 0.05)

Pathogenicity test on strawberry fruit. Both reference and our isolates
caused lesions on artificially inoculated strawberry fruits. More pathogenic iso-
lates were GG-JUP and TUT 137A, compared to the isolates GG-6A and
AVO 37 4B (Table 5). Fruits challenged with distilled water did not develop
lesions. On inoculated fruits, symptoms first appeared as whitish, water soaked
lesions up to 3 mm in diameter. As lesions developed, they turned a light tan
to dark brown and eventually became sunken and black within 2 to 3 days.
After several days lesions may be covered with salmon-coloured spore masses.
Infected fruits dried down to form hard, shrivelled mummies.

Tab. 5 — Pathogenicity of two isolates of Colletotrichum and two referent isolates of C. acutatum

and C. gloeosporioides to strawberry fruits.

Isolates Appearance of lesions
Diameter
of lesion

Acervuli
presence

GG-6A Rounded cowered with sparse mycelia 13 No present

GG-JUP Big, sunken, brownish, cowered with
whitish mycelia 20 Present, creamy

TUT 137A Big, sunken, brownish, cowered with
whitish mycelia 20 Very present

AVO 37 4B Smaller spot cowered with whitish mycelia 12 Not present

Molecular identification. Using CgInt primer specific for species C. gloeo-
sporioides, in pair with ITS4 primer, expected length amplicons were obtained
with isolates GG-6A which were, based on the conidia size, identified as C.
gloeosporioides. Using CaInt2 primer specific for species C. acutatum, in pair
with ITS4 primer, expected length amplicons were obtained with isolates
GG-JUP which were, based on the conidia size, identified as C. acutatum.
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Identification of fungal isolates was beside morphological characteristics,
confirmed by using molecular technique PCR with primers specific for fungal
species C. gloeosporioides and C. acutatum.

Control of anthracnose in strawberry fruits. Results obtained in this in-
vestigation showed that strawberry anthracnose can be controlled with fungici-
des application. The best fruit protection was achieved by fungicides Metiram
+ piraclostrobin, Captan FL and Fludioksinil + ciprodinil. Krezoksim-metil and
Benomil did not protect strawberry fruit from anthracnose attack (Table 6).

Tab. 6 — Effect of the fungicides on anthracnose incidence in strawberry in 2005.

Date of
harvesting

Weight of affected strawberry fruits (g)/treatment — (two-rows 50 m)

Market name of fungicides

Kaptan FL Benomil Stroby DF Cabrio top Swich Control

May 21 20 20 300 0,0 0,0 1500
May 23 30 800 230 0,0 55 1250
May 26 150 500 700 150 300 1250
June 01 100 600 350 50 150 2750

Total (g) 300 1920 1580 200 505 6750

DISCUSSION

Our first objective was to identify the species of Colletotrichum causing
strawberry anthracnose disease in our country. Morphological characteristics
indicated that the causal agent of fruit rotting, isolate GG-JUP, could be C.
acutatum. This statement was confirmed by fungus isolation from the infected
fruits, pathogenicity tests, as well as molecular tests.

The isolates recovered from stolons, according to the morphological and
molecular characteristics could be determined as C. gloeosporioides. Since this
is the first finding of the pathogen on strawberry, further researches are needed
to collect more isolates in order to study their morphological, pathological and
molecular characteristics.

Other researches have shown that the characterisation of fungi isolated
from strawberry plants, affected by anthracnose is complex. L e w i s I v e y et
al. (2004) found that the characteristics such as the colony morphology, the
conidial shape, the presence or absence of setae and sclerotia, and the appres-
sorium shape and size could be used for differentiation of the genus Colleto-
trichum. Morphological features, however, are highly variable among the isola-
tes and often subject to interpretation. Concerning the same characteristics we
did not find full consistency as well.

Since the anthracnose was first registered in 2004 in the plantations foun-
ded by the imported planting material, there are possibilities that the pathogen
was introduced by the planting material from abroad.

Transmission of the pathogen by planting material is reported by L e -
g a r d (2000) in the US. Investigation of E a s t b u r n and G u b l e r (1990)
suggested that the fungus is transmitted in infested soil attached to strawberry
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crowns. Petioles of foliage harbour inoculum for fruit and flower for several
Colletotrichum spp. (T i m m e r and B r o w n, 2000).

In OEPP/EPPO Bulletin (2004), it was emphasized that the infected plan-
ting material of strawberry is the main mean of introduction, but symptoms of
anthracnose are unlikely to be seen on this material as the fungus is usually
inactive in living vegetative tissues.

Several studies have pointed out that C. acutatum can develop quiescent
infection on strawberry plants (H o w a r d et al., 1992). Production of secon-
dary conidia and appressoria of C. acutatum on symptomless strawberry lea-
ves, under a range of environmental conditions suggests that these processes
also occur under field conditions and contribute to inoculum availability du-
ring the growing season (L e a n d r o et al. 2003).

Anthracnose is a serious disease of strawberry in Northern hemisphere.
Three species of the Colletotrichum are responsible for strawberry anthracnose.
C. gloeosporioides and C. fragariae usually cause petiole and stolon lesions
and crown rot on strawberry but may also produce fruit symptoms (S m i t h,
1998). C. acutatum is predominantly on flowers and fruits inducing rotting,
and causing the most yield reduction worldwide.

In other to develop recommendations for the management of the disease,
we assessed the efficacy of several fungicides in reducing disease incidence.
The best fruit protection was achieved by fungicides metiram + piraclostrobin,
captan FL and fludioksinil + ciprodinil. Less effective were Benomil and Kre-
zoksim-metil. Benomil was not good in anthracnose control in Ohio (E l l i s,
2004), nor was it in our trials in sour sherry anthracnose control (I v a n o v i ã
& I v a n o v i ã, 1992). Various fungicides were assessed for their ability to
control strawberry anthracnose caused by C. acutatum in Israel (F r e e m a n et
al., 1997), and anthracnose of immature bell peppers in Ohio (M e l a n i e et
al., 2004). In Florida, strawberry anthracnose management is based on the use
of Captan or thiram by regular weekly application (M e r t e l y & P e r e s,
2005).
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Rezime

Antraknoza je destruktivna bolest plodova jagode u toplim i kontinental-
nim klimatskim uslovima. Tokom 2004. godine, na 2 plantaÿe jagoda u blizini
Vaqeva, bilo je velikih gubitaka prouzrokovanih antraknozom. Dva izolata gqi-
va GG-6A i GG-JUP su izolovana iz stolona jagode, i plodova sa izraÿenim
simptomima antraknoze. Na osnovu morfoloških i patoloških karakteristika,
i PCR analize sa specifiånim prajmerima za referentne vrste, izolat GG-6A
je identifikovan kao Colletotrichum gloeosporioides, a izolat GG-JUP kao C. acu-
tatum. Ovo je prvi nalaz C. acutatum na jagodi u Srbiji.

U ciqu kontrole antraknoze jagode pet fungicida i wihovih kombinacija
su primeweni 4 puta tokom cvetawa. Najboqa zaštita plodova jagode je postig-
nuta primenom fungicida Metiram + piraclostrobin (Cabrio top), Captan FL i Flu-
dioksinil + ciprodinil (Swich). Mawe efektivni su bili Benomil (Benlate) i Kre-
zoksim-metil (Stroby).

Patogen se prenosi sadnim materijalom pa su fitosanitarne mere veoma
vaÿne u prevenciji bolesti.
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CHARACTERISTICS OF PHOMOPSIS SP. ISOLATES
OF PLUM TREES ORIGIN

ABSTRACT: Twelve isolates of Phomopsis sp. were obtained from the branches and
the trunk of plums (Prunus domestica L.) with decay symptoms in Valjevo, Ljig, Koceljeva
and Ub vicinity during 2004—2006. Morphological, pathogenic and growing characteristics
were studied. Pathogen caused tissue necrosis of branches around the inoculate seats, and
wrinkling and watering of plum fruits. All media were suitable for pathogen development,
except prune agar. The best growth of isolates was at medium pH 5,5. The optimal tempe-
rature for growth and germination of pycnidiospores was 25°C.

KEY WORDS: development, morphology, pathogenisity, Phomopsis sp., plum, Pru-
nus domestica

INTRODUCTION

The plum (Prunus domestica L.) is the most frequent fruit tree in Serbia.
During the middle of the '90s of the 20th century, a new plum disease occur-
red. It caused wilting and decay of young plum trees in the orchards. It has
been first registered in the vicinity of Valjevo on cv. Stenly and Poÿegaåa. In
some orchards more than 40% of plum trees were diseased. Later on, the dise-
ase was spread on the other cultivars, expecially on cv. Åaåanska lepotica and
Åaåanska rodna. This disease occurred also in the other plum growing area.
From the samples of diseased plum brunches, S t o j a n o v i ã et al. (2004)
isolated fungi belonging to the following genera: Cytospora, Phomopsis, Spha-
eropsis, Seimatosporium and Fusarium. As the obtained isolates showed exten-
sive virulens and aggressivnes to plum branches, the investigations of some
characteristics of pathogen isolates were conducted.
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MATERIAL AND METHODS

The samples of diseased plum branches were collected in Valjevo, Ljig,
Koceljeva and Ub vicinity during 2004—2006. Isolation of pathogen was car-
ried out by cutting the fragments of cca 0.5 cm2 from the border of diseased
and healthy plum tissues. The fragments were surface sterilized with 3% Na-
OCL for 3 minutes, and transferred on potato dextrose agar (PDA). From nu-
merous isolates obtained, 12 were chosen for further investigations and were
designated as SL-1, SL-M, SL-T-1, SL-B-2, SL-Br-2, SL-K-1, SL-K-3, SL-K-4,
SL-K-5, SL-K-7, SL-K-8 i SL-U-4.

Morphology of pathogen was studied on infected branches and on nutri-
ent media. A variety of mycological media supported the growth of plum Pho-
mopsis cultures, including PDA, Czapek-Dox agar (CA), oatmeal agar (OA),
malt extract agar (MA) and prune agar (PA). The cultures were incubated in
90 mm Petri dishes at 25°C in darkness, for 7 days.

Pathogenicity studies were conducted on (1) young green branches of
plum cvs. Stenly, Poÿegaåa, Åaåanska rodna and Åaåanska lepotica in the fi-
eld, (2) one-year-old shoots of cv. Stenly 30 cm in length, which were drived
into wet sterile sand in tin containers, and (3) plum fruits of cv. Stenly under
laboratory conditions. A V-shaped incision was made at 45°-angle to expose
the tissue under bark of green branches and shoots. An agar plug (0,5 cm2),
containing young hyphae from 10-day-old culture of a Phomopsis sp., was pla-
ced in the incision and wrapped with moist sterilized cotton wool and para-
film (W e i n g a r t n e r and K l o s, 1975). Control branches and shoots were
wounded in the same way and inoculated with blocks of sterile PDA. The pa-
rafilm and cotton wool were removed 10 days after the inoculation, and the di-
sease development was evaluated by measuring the tissue necrosis length after
6 weeks. Plum fruits were washed with tap water, surface sterilized by 70%-
-ethanol, washed with distilled water, and mycelial fragments were put into
wounds made with sterile needle. Control fruits were wounded in the same
way and inoculated with blocks of sterile PDA. Inoculated plum fruits were
placed in glass dishes (30 cm in diameter) and covered with wet filter paper.
The dishes were wrapped in plastic bags for two days and then stored under
laboratory conditions (A r s e n i j e v i ã et al.,1995).

The colony growth on PDA and the conidial germination were examined
at temperature range from 5° to 35°C, with 5°C intervals, in the darkness. Ef-
fect of medium pH on the pathogen development was studied on PDA which
was adjusted with 0,1 M NaOH or 0,1 M HCl to pH 3.5, 4.0, 5.5, 4.0, 8.5 and
9.5. Colony diameter was measured 7 days after the inoculation. The conidia
in water drops (0,2 ml) on microscope slides were placed in Petri dishes with
wet filter paper and incubated for 18 hours, since the high percentage of coni-
dial germination at all temperatures, after the incubation of 24 hours, was fo-
und in the preliminary germination tests.
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RESULTS

Symptoms. The first symptoms were expressed in the stage of flowering
and leaf forming. Leaves were smaller and chlorotic, while later both leaves
and flowers became necroted, if the infection was centered around the flower
buds and leaf petioles. If the infection started around the vegetative buds, it re-
sulted in young shoots becoming diseased and necroted (Fig. 1 a). On the stem
and the main branches necrotic sunken lesions occurred, the bark longitudi-
nally cracked, and cankers were formed (Fig. 1 b). The necrotic lesion expan-
ded rapidly, disrupted the vascular tissues, and caused the shoot to wilt and die
(Fig. 1 c).

Morphology. Colonies were farinaceous, or woolly to cottony, white or
whitish, pale to light brown or pale greyish (Fig. 2 a). Conidiomata was pycni-
dial, stromatic, dark brown to black, single or aggregated, often botryose in
culture, uniloculate, over 500 mm in diameter (Fig. 3 a-d). The a-conidia in all
12 isolates were hyaline, fusiform to ovate, straight, aseptate, and frequently
biguttulate, with average size 7,3 x 2,5 �m, and little variation in shape or size
between the isolates. The �-conidia were filiform, sigmoidal, hyaline, with
average size 23.7 x 1,3 �m (Fig. 2 b-c).
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Fig. 1 — Necrosis of current season's shoot of plum resulting from infection
started around vegetative bud (a); Elongate canker and numerous pycnidia

on diseased plum branches (b); Brown tissue necrossis under the bark
removed from the diseased plum branches (c).
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Fig. 2 — Colonies of Phomopsis sp. isolates from plum 7 days after incubation
on PDA at 25°C (first upper row: SL-1, SL-M and SL-T-1, second row: SL-B-2,
SL-Br-2 and SL-K1, third row: SL-K-3, SL-K4 and SL-K-5, fourth row: SL-K-7,

SL-K8 and SL-U-4) (a); Alfa and beta conidia of isolate SL-U-4 (x 600) (b);
Alfa conidia of isolate SL-K-1 (x 1000) (c).



Pathogenicity. All isolates showed extensive virulens and aggressivnes to
plum branches and fruits. Inoculated young green branches in the field, and
the one-year-old shoots under laboratory conditions, showed necrosis of bark
tissue around inoculate seats. Isolates SL-1, SL-T-1, SL-Br-2, SL-K-1, SL-K-3,
SL-K-4, and SL-U-4 and SL-B-2, SL-Br-2, SL-M and SL-T-1 showed the gre-
atest pathogenicity in the laboratory and field test respectively, after 6 weeks
(Fig. 4 a-b). On the vertical sections of infected shoots the brown necrosis of
woody tissue could be seen.

7 days after inoculation, plum fruits showed settled necrotic spot around
the inoculation seat. Later on, the fruits became wrinkled, and after 15 days
they were completely wrinkled and watery. Control fruits were healthy and
fresh. The numerous pycnidia were formed on the inoculated plum fruits. Even
the isolate SL-M, which did not form pycnidia in culture, formed abundant co-
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Fig. 3 — Cross section of pycnidium formed on plum branches (a); Cross section of
pycnidium formed on stromatic structure on PDA (b); Botriose pycnidium on PDA (c);

Cirri produced by pycnidia on PDA (d).



nidimata on inoculated plum fruits. The pathogen was reisolated from the ino-
culated shots, branches and plum fruits (Fig. 4 c-d).

Pathogen development in vitro. All media tested, except PA, were favo-
rable for pathogen development (Sl. 5 d). The majority of isolates had the best
growth on PDA. For isolates SL-T-1, SL-K-4 and SL-U-4, SL-B-2 and SL-K-7
and Sl-K-3 the most suitable media were CA, MA and OA, respectively. The
average radial growth (mm) of tested isolates was 30.0—71.8, 27.5—60.7,
42.2—60.8, 41.7—71.2 i 25.7—63.3 on PDA, PA, OA, CA and MA, respecti-
vely. Isolate SL-K-4 had the slowest growth on all media tested. None of the
mediums was suitable for pycnidial formation of isolates SL-M and SL-B-2.
All isolates formed sparse pycnidia on PA. The abundant pycnidial formation
was on CA (isolates SL-1, SL-K-3, SL-K-4, SL-K-7, SL-K-8 and SL-U-4), on
OA (isolates SL-T-1, SL-K-1, SL-K-5 and SL-U-4), on MA (isolates SL-T-1,
SL-K-1, SL-K-4, SL-K-5 and SL-U-4) and on PDA (isolates SL-K-4 and
SL-K-5).

The optimal temperature for pathogen radial growth was 25°C, except for
isolates SL-1 (20—25°C) and SL-U-4 (20°C). Minimal and maximal tempera-
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Fig. 4 — Necrosis of bark 6 weeks after artificial inoculation of green plum braches
with isolate SL-B-2 in the field (a); Longitudinal section of plum shoots artificial infected

in laboratory conditions (from left to right: control, SL-1, SL-M and SL-T-1) (b);
Cultures obtained by pathogen reisolation from artificial inoculated green plum branches

with isolate SL-B-2 (c) and plum shoots with isolate SL-K-3 (d).



tures for the growth of all isolates were 5°C and over 35°C, respectively (Sl. 5
a). The average radial growth (mm) of tested isolates was 5.0—5.5, 6.0—10.2,
14.2—36.7, 26.5—60.2, 35.0—71.8, 12.2—33.7 and 5.2—12.2 at 5, 10, 15,
20, 25, 30 and 35°C, respectively. Temperature in the range of 20—25°C was
the most favorable for the formation of pycnidia, but for isolates SL-T-1,
SL-Br-2, SL-K-5 and SL-U-4 temperature of 15°C was also suitable. The ot-
her tested temperatures were unfavorable for pycnidial production.

The pathogen growth was the largest at medium pH 5,5 (Sl. 5 c). The
average radial growth (mm) of tested isolates was 11.5—29.0, 34.0—64.2,
56.7—88.3, 32.8—71.5, 21.5—53.8 and 18.5—42.5 at pH 3.5, 4.0, 5.5, 7.0,
8.5 and 9.5, respectively. The isolates SL-1, SL-K-1, SL-K3 and SL-K-5 did
not produce pycnidia at pH 3,5. Medium pH seems to have no effect on the
production of pycnidia. Mostly pH values in the range of 4.0—7.0 were
equally suitable for pathogen sporulation, but for isolate SL-U-4 the maximal
pycnidial formation occurred at pH 8,5.

The greatest conidial germination occurred at 25°C, except for the isolate
SL-1 (20°C). Minimal and maximal temperatures for conidial germination of
all isolates were between 5 and 10°C and over 35°C, respectively (Fig. 5 b).
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Fig. 5 — Pathogen development in vitro. Cultures growth at different temperature (a);
Effect of temperature on conidial germination (b); Cultures growth at different pH of

medium (c); Pathogen development on different media (d).



Germinating conidia produced 1—2, rarely 3, terminal, subterminal or basal,
rarely lateral germ tubes. The average percentages of conidial germination
were 9.0—19.0, 32.8—72.8, 71.4—96.4, 76.4—100.0, 36.4—75.0 and 4.0—
22.4 at 10, 15, 20, 25, 30 and 35°C.

DISCUSION

Disease symptoms expressed on plum trees in Serbia were similar to tho-
se described by H a r r i s (1988) in the United Kingdom, which were caused
by Diaporthe perniciosa. Recently, an anamorph of this fungus (Phomopsis
perniciosa) was described as a rot pathogen of storaged apple fruits in Serbia
( A r s e n i j e v i ã and G a v r i l o v i ã, 2005).

According to morphology, the isolates from plum trees in Serbia belon-
ged to genus Phomopsis. The species from this genus were described as the
bark pathogens of numerous hosts in our country (A r s e n i j e v i ã, 2005), but
plum was not mentioned.

Distinct differences in the colony morphology (color, texture and frui-
ting), pathogenicity and development at different media, temperature and pH,
were observed between the Phomopsis isolates from plum. Variability in Dia-
porthe perniciosa from plum was noted before (C a l e y, 1923 loc. cyt. H a r -
r i s, 1988).

Diaporthe ambiqua was identified as a cause of cancer disease in apple,
pear and plum rootsocks in South Africa (S m i t et al., 1996). U d d i n et al.
(1998) showed that apple, plum and pear were susceptible to the pathogen
Phomopsis sp., causing shoot blight of peach in Georgia, USA. They conclu-
ded that the isolates of Phomopsis from peach were not host-specific. Phomop-
sis perniciosa from fruits and P. mali from branches of plum, sour cherry and
sweet cherry were isolated in Lithuania (V a l i u š k a i t e, 2002).

Further investigations should be conducted in order to identify pathogen
at species level, as there are three species of genus Phomopsis isolated from
plum.
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KARAKTERISTIKE IZOLATA PHOMOPSIS SP.
POREKLOM SA ŠQIVE
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Rezime

Dvanaest izolata Phomopsis sp. dobijeno je sa grana i stabla šqive (Prunus
domestica L.) sa simptomima propadawa u okolini Vaqeva, Qiga, Koceqeve i
Uba tokom 2004—2006. godine. Prouåene su morfološke, patogene i odgajivaåke
odlike ovih izolata.

Prvi simptomi uoåavaju se u vreme cvetawa i listawa šqive ukoliko se
infekcija desila u blizini pupoqaka i osnove lisnih peteqki. U tom sluåaju
listovi su sitniji i hlorotiåni. Kasnije i listovi i cvetovi nekrotiraju i
suše se. Tek formirani mladi izdanci oboqevaju, postaju nekrotiåni i propa-
daju. Na granama i stablu formiraju se ulegnute nekrotiåne pege, koje se brzo
šire i u okviru kojih kora uzduÿno puca, tako da se formiraju rak-rane. Ne-
kroza se širi na drvenasti deo, gde bivaju zahvaãeni sprovodni sudovi, što
dovodi do uvenuãa i izumirawa grana.

Patogen se dobro razvija na svim podlogama, osim na podlozi od suvih
šqiva. Podloge åija je pH 5,5 pokazale su se kao najboqe za porast patogena.
Temperature od 25°S su najpovoqnije za razvoj patogena i klijavost konidija.
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FREQUENCY OF TOXIGENIC FUSARIUM SPECIES
AND FUSARIOTOXINS IN WHEAT GRAIN IN SERBIA

ABSTRACT: A total of 88 and 40 wheat samples collected immediately prior to har-
vest in 2005 and 2006, respectively, under different agroecological conditions, were studied
in respect to the occurrence of Fusarium spp. and the production of fusariotoxins. The grea-
test number of samples was infected with species of the genera Fusarium (81.8 and 65.0%),
and Alternaria (36.3 and 17.5%) with the intensity ranging from 9.4 to 84.0% in 2005 and
from 23.4 to 80.6% in 2006. Out of 13 identified species belonging to the genus Fusarium,
F. graminearum had the highest frequency (35.2 and 12.5%) and the intensity up to 67.2%,
and 21.9%, in 2005 and 2006, respectively, followed by F. poae, but only in 2005 (20.4%),
and F. proliferatum in 2006 (19.7%). The natural occurrence of mycotoxins in positive
samples varied from 37 to 331 ppb for zearalenone and from 31 to 125 ppb for diacetoxys-
cirpenol (DAS) and T-2 toxin. The concentration of mycotoxins amounted, on average, to
133.4, 61.0 and 45.7 ppb for zearelenone, DAS and T-2 toxin, respectively.

KEY WORDS: diacetoxyscirpenol (DAS), Fusarium spp., T-2 toxin, wheat, zearale-
none

INTRODUCTION

The Fusarium species predominantly found associated with Fusarium
head blight (FHB) in wheat and other cereals all over Europe are F. graminea-
rum, F. avenaceum and F. culmorum. Among the less frequently encountered
species are several others which are less pathogenic or opportunistic, but also
toxigenic. These include F. cerealis (Cooke) Sacc., F. equiseti (Corda) Sacc.,
F. sporotrichioides Sherb., F. tricinctum (Corda) Sacc., F. acuminatum Ell. &
Ev., F. subglutinans (Wollenw. & Reinking) Nelson, F. solani (Mart.) Appel
& Wollenw. and F. verticillioides (Sacc.) Nirenberg (syn. F. moniliforme
Scheldon) (B o t t a l i c o and P e r r o n e, 2002). However, F. poae (Peck)
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Wollenw. and F. subglutinans prevail in the Netherlands, Belgium, Switzer-
land, France and Austria, whereas F. tricinctum, F. equiseti and F. acumina-
tum are significantly less frequently encountered species (M a u l e r - M a -
c h n i k and S u t y, 1997; M u l e r and R e i m a n, 1997; P a r r y et al.,
1995; W a a l w i j k, 2002). F. avenaceum, F. poae, F. tricinctum and F. gra-
minearum are prevalent in Norway, Sweden and Finland (K o s i a k et al.,
2003; L a n g s e t h et al., 1997).

According to the global studies, approximately 25% of cereals are conta-
minated with mycotoxins, and this percentage is even higher if certain myco-
toxins such as deoxynivalenol and fumonisin, are taken into consideration, or
if unidentified mycotoxins, whose presence has been established by biological
tests, are also included (L o g r i e c o et al., 1992; B o t t a l i c o, 1998). The
most frequently encountered Fusarium mycotoxins in FHB have proved to be
deoxynivalenol (DON) and zearalenone (ZEA), produced by F. graminearum
and F. culmorum. The increased production of the T-2 toxin and diacetoxys-
cirpenol (DAS) is attributed to sporadic epidemics of F. sporotrichioides and
F. poae (B o t t a l i c o and P e r r o n e, 2002).

The prevalence of the genus Fusarium has been determined on wheat
grain in Serbia too, but the composition and the intensity of occurrence of cer-
tain species have been varying over years (B a l a ÿ et al., 2003; D o p u ð a
and L e v i ã, 2004). F. graminearum or F. culmorum have been prevailing on
wheat grain in various periods since the 1960s, although F. graminearum was
encountered each year in higher or lower intensity, which was not the case
with F. culmorum (L e v i ã et al., 2004).

Although species of the genus Fusarium have been mainly isolated from
maize and wheat grain in Serbia, studies on the natural occurrence of fusario-
toxins in feed have been much more numerous (L e v i ã et al., 2004). Accor-
ding to these authors the data related to the natural occurrence of zearalenone
(ZEA) and T-2 toxins are the most numerous, while there is a smaller number
of data related to diacetoxyscirpenol (DAS). Little work has been done in
studying the natural presence of deoxynivalenol (DON); there have not been
any studies on its derivates and just a few on fumosions, which is not in ac-
cordance with the widespread distribution of producers and favourable conditi-
ons for biosynthesis of these mycotoxins during certain years.

With the aim to determine the intensity of the occurrence of species of
the genus Fusarium, and the natural appearance of fusariotoxins in wheat
grain, studies were carried out on the samples collected under different agroe-
cological conditions in Serbia in 2005, the year that favoured FHB, and in
2006, the year that did not favour FHB.

MATERIAL AND METHODS

Fungal isolation and determination

Samples of wheat spikes of 12 varieties were collected immediately prior
to harvest at 22 and 10 locations in 2005 and 2006, respectively. The samples
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were drawn diagonally from each plot, each sample from an area of 50 x 50
cm (0.25 m2). Thirty two kernels from each sample were analysed in four re-
plications. Eight kernels, each surface sterilised with 1% of sodium hypochlo-
rite and rinsed with distilled water were placed on the water agar (WA) in
10-cm Petri dishes, and incubated under indoor conditions for seven days. Re-
sulting colonies were purified by the procedure of obtaining single-spored cul-
tures that were then used for the identification of Fusarium spp. Single-spored
cultures were subcultured on the potato dextrose agar (PDA), carnation sterili-
sed leaf-fragment agar (CLA) and synthetic nutrient agar (SNA). Cultures on
the PDA were incubated in the dark at 25 ± 1°C, while cultures on the CLA
and SNA were incubated under fluorescent and near ultraviolet light for 12
hours at 25 ± 1°C, and in the dark for 12 hours at 20 ± 1°C. The identification
of the obtained species was done according to N e l s o n et al. (1983) and
B u r g e s s et al. (1994). Fungal cultures not belonging to species of the ge-
nus Fusarium were also grown on the three stated media and were identified
according to E l l i s (1971) and W a t a n a b e (1994).

Identification of fusariotoxins

Mycotoxicological analyses were performed on the wheat samples that
had been ground to powder granulation. Zearalenone (ZEA) was determined
by the multitoxin method developed by B a l z e r et al. (1978). The type-A
trichothecene (T-2 toxin and diacetoxyscirpenol-DAS) were isolated and puri-
fied by the method of R o m e r et al. (1978), whereas thin layer chromato-
graphy of T-2 toxin and DAS was done according to P e p e l j n j a k and
B a b i ã (1991).

RESULTS AND DISCUSSION

Mycopopulations on wheat grain

The mycopopulation on wheat grain differed over years in both the com-
position and the frequency of certain species, as it was expected due to
weather conditions in these two years. Temperatures and precipitation in the
wheat flowering period in 2005 favoured the FHB development, while the sa-
me period in 2006 was characterized with a much lower amount of precipita-
tion than the long-term mean.

Out of 12 identified fungal species, species belonging to the genus Fusa-
rium were isolated from the greatest number of samples in both years, 2005
and 2006 (81% and 65%, respectively) and with a high frequency (67.2% and
21.9%, respectively) (Table 1).
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Tab. 1 — Frequency (%) of fungal species originating in wheat grain collected at different locati-
ons in Serbia in 2005 and 2006

No. Species

2005 2006

PSa

(%)
Frequency (%) PSa

(%)
Frequency (%)

Min Max Min Max

1. Acremonium spp. 7.9 0.78 2.30 10.0 1.6 14.1
2. Alternaria spp. 36.3 9.4 84.0 17.5 23.4 80.6
3. Aspergillus spp. nd nd nd 5.0 1.6 7.8
4. Bipolaris spp. 10.2 0.78 1.56 2.5 0.8 0.8
5. Cladosporium spp. 6.8 0.78 3.90 2.5 0.8 0.8
6. Chaetomium spp. 12,5 1.5 20.30 5.0 0.8 20.3
7. Epicoccum spp. 4.5 0.78 1.56 10.0 1.6 7.8
8. Fusarium spp. 81.8 0.78 67.20 65.0 0.8 21.9
9. Mucor spp. nd nd nd 7.5 1.6 7.8

10. Penicillium spp. nd nd nd 12.5 2.5 3.1
11. Phoma spp. 2.2 0.78 1.56 nd nd nd
12. Trichoderma spp. nd nd nd 2.5 3.9 3.9

a Positive sample (PS) — percentage was estimated on the basis of samples in which the fungus
had been identified

nd — no data

Although percentage of species of the genus Alternaria was not high
(36% and 17.5%), the frequency (84% and 80.65%) was. Other pathogenic
and toxigenic fungal species, such as Penicillium spp. and Aspergillus spp.,
were isolated in 2006 in the amount of 12.5%, i.e. 5% of samples with the in-
tensity of 3.1%, i.e. 7.8%. Besides the stated species, Chaetomium spp. and
Acremonium spp. (up to 20.3% and 14.1%, respectively) prevailed in certain
samples.

Previous studies (M i l o š e v i ã et al.; 1995; D o p u ð a and L e v i ã,
2004) show a similar frequency of all three fungal genera on wheat grain in
Serbia. B a l a ÿ et al. (2003) state a significantly lower frequency of Fusa-
rium spp. on wheat grain (11.3—20.6%), as well as of Asspergillus spp. (0—
1.2%) and Penicillium spp. (0—8.9%). According to these authors species of
the genus Alternaria spp. (up to 86.8%) prevail.

The occurrence of species of the genus Fusarium on wheat grain

F. graminearum was a prevalent species of the genus Fusarium, and was
isolated from the greatest number of samples in 2005 and 2006 (35.2% and
12.5%, respectively) with a very high frequency (up to 67.2%) (Table 2).
B o å a r o v - S t a n å i ã (1996) also states that this species was prevalent on
wheat grain harvested in semi-humid year of 1991. In contrast to these results,
S t o j a n o v i ã et al. (2002) stated that F. oxysporum (19.44—25%) was a
prevalent species, although they determined the presence of F. graminearum in
wheat at all observed locations with the frequency of 2.78—15.38%.
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Tab. 2 — Frequency of fungal species originating in wheat grain collected at different locations in
Serbia in 2005 and 2006

No. Species

2005 2006

PSa

(%)
Frequency (%) PSa

(%)
Frequency (%)

Min Max Min Max

1. F. arthrosporioides 1.1 0.8 0.8 7.5 0.8 5.5
2. F. avenaceum 2.2 0.8 3.3 5.0 0.8 3.1
3. F. equiseti 2.2 0.8 1.6 5.0 0.8 0.8
4. F. culmorum 0.0 0.0 0.0 2.5 0.8 0.8
5. F. graminearum 35.2 7.1 67.2 12.5 3.9 21.9
6. F. poae 20.4 0.8 6.3 7.5 0.8 2.4
7. F. proliferatum 3.4 0.8 7.8 20.0 0.3 19.7
8. F. semitectum 2.2 0.8 0.8 nd nd nd
9. F. sporotrichioides 2.2 0.8 0.8 5.0 0.8 0.8

10. F. subglutinans 4.4 0.8 3.2 2.5 0.8 0.8
11. F. tricinctum 1.1 2.3 2.3 2.5 2.3 2.3
12. F. verticillioides 7.0 0.8 3.2 7.5 0.8 2.4
13. Fusarium spp. 33.0 0.1 0.2 7.5 2.4 3.9

a Positive samples (PS) — percentage was estimated on the basis of samples in which the fungus
had been identified

nd — no data

The species F. poae was isolated in a higher percentage of samples
(20.4%) and with a higher frequency (up to 6.3%) in the first, than in the se-
cond year of the investigation.

If the occurrence of the remaining Fusarium spp. is observed, the diffe-
rence over years is perceived (Table 2). The species F. proliferatum was isola-
ted in the range of 0.8%—7.8%, i.e. 0.3—19.7% in 2005, i.e. 2006, respecti-
vely. The number of samples infected with F. verticillioides was approxima-
tely equal (7.0% and 7.5%) in both years, but the intensity was higher in 2005
than in 2006 (3.2% vs. 2.4%). The occurrence of F. arthrosporioides, F. ave-
naceum, F. culmorum, F. equiseti, F. sporotrichioides, F. subglutinans and F.
tricinctum was determined in the range from 0.8% to 3.2%.

Our results are in accordance with the results obtained by D o p u ð a and
L e v i ã (2004) who studied the mycobiot of wheat grain during 2002 and
2003 especially in regard to varying of certain species during the years of the
investigation. These authors determined that species of the genus Fusarium
prevalent in 2002 were F. graminearum (up to 61%) and F. verticillioides (up
to 10%), and in 2003 were F. poae (up to 12%) and F. prolifearatum (5%),
whereas the prevalence of remaining Fusarium spp. ranged from 4—5% (F.
sporotrichioides) to 1—3% (F. acuminatum, F. avenaceum, F. culmorum, F.
equiseti, F. oxysporum, F. tricinctum).
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Natural occurrence of fusariotoxins in wheat grain

The natural occurrence of zearalenone and trichothecene (DAS, T-2 toxin)
in wheat grain varied in dependence on a variety and agroecological conditi-
ons of locations at which wheat was grown in 2005 (Table 3).

Tab. 3 — Natural occurrence of fusariotoxins in grain of different wheat varieties grown under
various agroecological conditions in Serbia in 2005

Sample
code Variety Location

Mycotoxin contents (ppb)

ZEA
Trichothecenes

DAS T-2

234 Dragana Pirot 74 31 31
164 Evropa Sombor 0 75 50
167 Evropa Gredetin 0 0 0
216 Evropa Krsmanovci 0 37 0
208 Evropa-90 Baå 147 0 0
172 Evropa-90 Kikinda 331 0 0
162 Evropa-90 Sombor 37 0 0
169 Evropa-90 Lipniåki Šor 0 62 31
212 Evropa-90 Veliki Radinci 0 0 62
222 Kg-20 Zobnatica 0 0 0
207 Kg-20 Zemun 184 0 0
210 Mina Baåki Petrovac 258 0 0
151 Pahulja Zemun Polje 74 0 0
219 Pesma Magliã 0 0 0
223 Pesma Zobnatica 37 0 0
170 Pobeda Runjani 147 0 0
150 Pobeda Zemun Polje 0 31 31
175 Pobeda Kovin 184 0 0
213 Pobeda Nova Pazova 0 0 31
214 Pobeda Stari Banovci 74 0 0
215 Pobeda Sremska Mitrovica 37 0 0
155 Renesansa Zemun Polje 0 125 50
163 Renesansa Sombor 147 0 0
174 Renesansa Kikinda 138 0 25
209 Renesansa Rimski Šanåevi 110 0 31
211 Renesansa Veliki Radinci 147 62 0
217 Renesansa Zobnatica 37 0 0
220 Renesansa Despotovac 110 0 31
165 Simonida Loznica 0 125 125
153 Takovåanka Zemun Polje 138 1 50
152 Ÿitka Zemun Polje 257 0 0

Zearalenone was determined in 20 samples in the range from 37 to 331
ppb or in 64.52% of the samples with the average for positive samples of
133.4 ppb. The presence of zearalenone was determined in three most cultiva-
ted varieties in Serbia (Evropa-90, Pobeda and Renesansa), in the majority of
studied locations with the average for positive samples of 171.67, 110.50 and
114.83 ppb. Contamination in a high number of wheat grain samples (78%)
with ZEA (160—500 ppb) was also recorded by S t o j a n o v i ã et al. (2002),
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who analysed the three varieties (Evropa 90, Kg56S and Nora) in two trial
spots. M e s t e r h a z y (1997) states that a plant genotype is of a great im-
portance in the accumulation of toxins and that generally less total toxins, are
produced in more resistant cultivars.

The presence of zearalenone is not surprising, as Fusarium spp. (Tabela
2) were isolated from the analysed samples. According to M a r a s a s et al.
(1984) these species can biosynthesise the same fusariotoxin under certain eco-
logical conditions. This statement is also confirmed by our previous in vitro
studies on the ZEA production in the F. oxysporum isolates from which grain
contaminated with the same mycotoxin in the amount of 1540 ppb, B o å a -
r o v - S t a n å i ã et al. (2003).

Out of 31 wheat grain samples, DAS was determined in nine samples in
the range from 31 to 125 ppb, or in 29.03% of the samples with the average
of 61.0 ppb for positive samples (Table 3). The T-2 toxin was determined in
the same range as DAS in 12 samples, but its presence was greater (38.72%)
and while the average for positive samples was smaller (45.7 ppb). DAS and
T-2 toxin were simultaneously identified in six samples (19.35%), and indivi-
dually in two, i.e. six samples, respectively.

The presence of these trichothecenes is not surprising considering that the
species F. avenaceum, F. equiseti, F. culmorum, F. sporotrichioides and F. tri-
cinctum (Table 2) isolated from wheat, harvested in 2005 and 2006, can bio-
synthesise type-A trichothecenes under laboratory conditions, as it was conclu-
ded in our previous study B o c a r o v - S t a n å i ã et al. (1986).

Gained data on the concentrations of zearalenone and T-2 toxin in wheat
grain in 2005 were lower than those found in the literature. S t o j a n o v i ã
(1999) determined the natural occurrence of zerelenone in 87.5% of wheat
grain samples and with the concentration up to 500 ppb, while B o å a r o v -
- S t a n å i ã et al. (1998) detected T-2 toxins in 33 of the samples with the
concentration in the range from 500 to 750 ppb.

CONCLUSION

The two-year studies (2005—2006) on the mycobiot of wheat grain show
that Fusarium spp. are widespread and prevalent fungi in Serbia (81.8—65.0%),
but that species of the genus Alternaria (84.0—80.6%) are more frequent.

F. graminearum is predominant Fusarium species that prevailed in wheat
grain in 2005 and 2006, not only by its distribution (35.2% and 12.5%, respec-
tively), but also by its intensity (67.2% and 21.9%, respectively). F. poae was
more frequent in 2005 (20.4%) than in 2006 (7.5%), but the intensity did not
exceed 6.3%. The species F. proliferatum was isolated in the range from 0.8%
to 7.8%, i.e. from 0.3 to 19.7%, in 2005, and 2006, respectively. F. verticillio-
ides was equally distributed during the both years (7.0% and 7.5%), but the in-
tensity was somewhat higher in 2005 than in 2006 (3.2% vs. 2.4%). The di-
stribution and intensity of the occurrence of remaining 10 identified species of
the genus Fusarium varied during the years of investigation.
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The analysis of 31 wheat samples, collected in 2005, shows that the natu-
ral occurrence of zearalenone, DAS and T-2 toxin was determined in 20
(64.52%), 9 (29.03%) and 12 samples (38.72%), respectively. The greatest
range and concentration (37—331 ppb) of determined mycotoxins were detec-
ted in zearalenone (133.4 ppb on average). This is in accordance with the di-
stribution and the intensity of the occurrence of F. graminearum, which is one
of the most important producers of this mycotoxin. Although 11 species of the
genus Fusarium, synthetising the type-A trichothecenes (DAS and T-2 toxin),
were identified in this study (in 2005), the natural occurrence of these myco-
toxins varied from 31 to 125 ppb. These results point out that the species of
the genus Fusarium originating in wheat from Serbia have a low potential for
synthesis of these fusariotoxins.
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UÅESTALOST TOKSIGENIH VRSTA FUSARIUM I FUZARIOTOKSINA
U ZRNU PŠENICE U SRBIJI

Slavica Ÿ. Stankoviã1, Jelena T. Leviã1, Vesna S. Krwaja3,
Aleksandra S. Boåarov-Stanåiã2, Sowa L. Tanåiã3, Tamara M. Kovaåeviã1

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

2 Institut za stoåarstvo, Autoput 16, 11081 Beograd, Republika Srbija
3 A.D. „Bio-ekološki centar", Petra Drapšina 15,

23000 Zrewanin, Republika Srbija

Rezime

Osamdeset osam i 40 uzoraka pšenice, prikupqenih neposredno pred ÿe-
tvu u 2005. i 2006. godini u razliåitim agroekološkim uslovima u Srbiji, pro-
uåavani su radi praãewa pojave Fusarium spp. i stvarawa fuzariotoksina. Naj-
veãi broj uzoraka bio je zaraÿen vrstama roda Fusarium (81,8 i 65,0%), a zatim
sa Alternaria spp. (36,3 i 17,5%) sa intenzitetom 9,4—84,0% u 2005. i 23,4—
80,6% u 2006. godini. Od ukupno 13 identifikovanih vrsta iz roda Fusarium
najuåestalija je bila F. graminearum (35,2 i 12,5%) sa intenzitetom do 67,2% u
2005. i do 21,9% u 2006. godini, a zatim F. poae, ali samo u 2005. godini
(20,4%), i F. proliferatum u 2006. godini (19.7%). Prirodna pojava mikotoksina
u pozitivnim uzorcima je varirala od 37 do 331 ppb za zearalenon i od 31 do
125 ppb za diacetoksiscirpenol (DAS) i T-2 toksin. U proseku, koncentracija
mikotoksina je bila 133,4 ppb za zearelonon, 61,0 ppb za DAS i 45,7 ppb za T-2
toksin.
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PATHOGENICITY AND DIVERSITY OF VEGETATIVE
COMPATIBILITY OF FUSARIUM VERTICILLIOIDES

ABSTRACT: Pathogenicity of 10 Fusarium verticillioides isolates, originated from
grain of wheat (five isolates) and maize (five isolates), were studied under greenhouse con-
ditions. Based on different parameters of the pathogenicity estimate (a scale for % of none-
merged plants, % of survived plants, plant vigour — the growth and dry weight of roots
and epicotyls and disease severity) it was determined that all F. verticillioides isolates
expressed a different degree of pathogenicity. According to % of nonemerged plants six,
three and one F. verticillioides isolates expressed low, moderate and high deegre of patho-
genicity, respectively. All F. verticillioides isolates reduced the plant survival rate and vigo-
ur, while the disease severity ranged from 2.0 to 3.54. Two types of nit mutants, nit1 and
NitM, were obtained by the use of the method of vegetative compatibility. The frequency of
nit1 mutants was greater (58.79%) than the frequency of NitM mutants (5.77%). A total of
10 vegetative compatibility groups (VCGs) of F. verticillioides were established in the com-
plementation tests. These results point out to a high genetic diversity of F. verticillioides
population.

KEY WORDS: Fusarium verticillioides, pathogenicity, vegetative compatibility

INTRODUCTION

Fusarium verticillioides (Sacc.) Nirenberg (syn. Fusarium moniliforme
Scheldon) is a widely distributed pathogen of maize (Zea mays L.) and many
other plant species. In Serbia, F. verticillioides, as a pathogen of grain, was
identified on maize, wheat and sorghum up to 77.8% (L e v i ã et al., 1997,
2003), 10% (D o p u ð a and L e v i ã, 2004) and 7.5% (L e v i ã et al., 2006),
respectively.

The epidemiological studies show that F. verticillioides has one compara-
tive advantage over other species of the genus Fusarium, especially in relation
to F. graminearum Schwabe, as it requires a greater range of temperatures
( R e i d et al., 1999) and humidity (S c h n e i d e r and P e n d e r y 1983) for
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its development, hence the competitiveness of the fungus will not change in
different environments. It is typical of this species to colonise the plant tissue
and to remain at the dormant stage or at the endophytic stage, as long as the
tissue is healthy and active (M u n k v o l d and D e s j a r d i n s, 1997).

It is difficult to discuss with certainty the role of F. verticillioides in the
etiology of seedling diseases, as seedling infections and the disease develop-
ment are produced by the seed affected by a disease or a contaminated soil,
and depend on the temperature during the maize growing period (K o m m e -
d a h l and W i n d e l s, 1981). F. verticillioides does not affect seed germina-
tion at the endophytic stage, but it affects the thickness, height, weight and le-
af length of seedlings developed from infected seeds (Y a t e s et al., 1997).
On the other hand, some strains of this fungus can even stimulate an earlier
growth of seedlings.

L e v i ã (2000) established that the frequency of occurrence of Fusarium
species is not always correlated with their effects on seed germination. Accor-
ding to this author, the following species are most often isolated from maize
grain: F. verticillioides (50.2%), F. subglutinans (Wollenw. & Reinking) Nel-
son (45.6%) and then F. proliferatum (Matsushima) Nirenberg (7.9%). How-
ever, germination of seeds infected with F. subglutinans, F. proliferatum and
F. verticillioides amounted to 15.3%, 23.4% and 32.6%, respectively.

The characterization of F. verticillioides isolates can be done on the basis
of the seedling pathogenicity test or vegetative compatibility, since it was de-
termined that isolates of the similar pathogenicity belonged to the same vege-
tative compatibility group (VCG) (K l e i n and C o r r e l l, 2001). Therefore,
if a rapid method of the VCG identification is developed and rapid analyses of
the population strain evaluation are provided, then the VCG pathogen strain
identification can replace the pathogenicity test, which is time — consuming
and requires specific, control led conditions, depending on a plant species.

Considering the economic importance of F. verticillioides, pathogenicity
of F. verticillioides isolates, originating in maize and wheat grown at different
locations in Serbia, to maize seedlings and their vegetative compatibility were
observed in this study.

MATERIAL AND METHODS

Fungal isolates

Ten isolates of F. verticillioides were used to perform pathogenicity and
vegetative compatibility tests. Five isolates originated from grain of commer-
cial maize hybrids grown in the vicinity of Belgrade—Zemun, and five isola-
tes originated from grain of wheat varieties grown at different locations in Ser-
bia (Table 1). Isolates were identified as F. verticillioides using of the proce-
dure outlined by N e l s o n et al. (1983) and B u r g e s s et al. (1994).

104



Tab. 1 — F. verticilioides isolates tested for pathogenicity to maize seedlings under greenhouse
conditions and vegetative compatibility

No. Isolate Origin Host

1. MGA-7 Belgrade—Zemun Commercial maize hybrid
2. MGD-4 Belgrade—Zemun Commercial maize hybrid
3. MGE-5 Belgrade—Zemun Commercial maize hybrid
4. MGG-13 Belgrade—Zemun Commercial maize hybrid
5. MGI-1 Belgrade—Zemun Commercial maize hybrid
6. MRIZP-201 Inðija Evropa 90 (wheat variety)
7. MRIZP-237 Inðija Pobeda (wheat variety)
8. MRIZP-570 Ruma Renesansa (wheat variety)
9. MRIZP-748 Loznica Simonida (wheat variety)

10. MRIZP-830 Sombor Evropa 90 (wheat variety)

Selected cultures were initiated from single conidia and stored on PDA
slants at 4°C, until use for the pathogenicity test and vegetative compatibility.

Pathogenicity test with maize seedlings

An insignificantly modified method described by M o l o t and S i m o -
n e (1967) was followed for estimations of pathogenicity of F. verticillioides
isolates. Petri dishes with the two-layer filter paper, instead of flasks, and ste-
rile quartz sand, instead of soil, were used for the development of the fungus
and artificial inoculation of seeds. A total of 45 maize seeds, surface-sterilised
with sodium hypochlorite per isolate were inoculated in the sterile Petri dishes
(ø 100 mm) with 30 ml of spore suspension (2—3 x 106 spore ml—1). The spo-
re suspension was prepared from 7—10 old isolates cultured on the PDA at
room temperature. Inoculated and non-inoculated (control) maize seeds were
incubated at 22°C for two days and at 10°C for three days, and then planted
into flats (40 x 18 x 16 cm) with sterile quartz sand, watered and incubated at
24—26°C.

Maize seeds were inoculated for two weeks and the following was deter-
mined: degree of pathogenicity, length (cm) and dry weight (g) of seedling ro-
ots and epicotyls. In this study, the degree of pathogenicity was defined on the
basis of nonemerged plants (%), which was an outcome of seeds that had ne-
ver germinated, and germinated seeds with completely rotted shoots. Accor-
ding to this parameter, the isolates were classified into five categories based
on the scale described by M a ç k a (1989) (Table 2).

Tab. 2 — The scale for the estimation of pathogenicity of F. verticillioides isolates

Percentage of nonemerged plants Degree of pathogenicity

0—10% not pathogenic
11—20% very low pathogenic
21—40% low pathogenic
41—60% moderate pathogenic
61—80% high pathogenic
81—100% very high pathogenic
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Disease severity was also used as a measurement of pathogenicity of iso-
lates, and was rated by a six-class scale, in which 0 = healthy root and epi-
cotyl, and 5 = nongerminated seed, or completely rotted root and shoot. The
length of each seedling from the seed attachment site to the top of the longest
root and leaves was measured (cm). The detached root and epicotyl per repli-
cate were dried at 60°C for 24 hours and then, their weights (g) were measu-
red. Means were compared by Duncan's multiple range test.

Vegetative compatibility groups

Methods described by C o r r e l l et al. (1987) and K e d e r a et al.
(1994) were used to isolate and characterize nit-mutants and their mutual pai-
ring in order to determine vegetative compatibility of the studied F. verticillio-
ides isolates. The excised pieces of mycelia were planted on the minimum me-
dium (a basal medium amended with 30 g KClO3, 2 g NaNO3, and 1.6 g
L-asparagine) for the selection of mutants (sectors). The basal medium conta-
ins 1.0 g KH2PO4; 0.5 g MgSO4 x 7H2O; 0.5 g KCl; 10 mg FeSO4 x 7H2O;
0.2 ml sterile solution of microelemenats; 30.0 g of sucrose; 20.0 g of Difco
agar; 1000 ml of distilled water. Pieces of hyphae and loose growing sectors
were transferred to the basal medium with different nitrogen sources (NaNO3,
NaNO2 and hypoxantine) in order to determine the type of the nit-mutant on
the basis of a phenotype (P u h a l l a, 1985).

Complementary nit1 and NitM mutants from each of 10 F. vertillicioides
isolates were paired on the minimum medium (MM) in all possible combinati-
ons to perform complementation tests among the isolates. The nit mutants
grew very sparsely across the medium, but complementation of auxotrophic
mutants was indicated by a line of a vigorous growth where the mutants inter-
acted.

RESULTS AND DISCUSSION

Pathogenicity

All observed F. verticillioides isolates affected the survival rate and vi-
gour of plants. Out of 10 F. verticillioides isolates tested under greenhouse
conditions six, three and one isolates were low (26.67—40.0% of nonemerged
plants), moderate (48.87—55.53% of nonemerged plants) and high (62.20% of
nonemerged plants) pathogenic (Table 3). The isolate MGG-13, originated
from maize grain, was estimated as high pathogenic as it reduced germination
by 62.20%. The same isolate was significantly more pathogenic than the re-
maining isolates, as determined disease severity (3.69) was the highest and the
survival rate (37.80%) and plant vigour were the lowest (Table 4).
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Tab. 3 — F. verticillioides isolates classified on the basis of a percentage of nonemerged plants

Isolate Nonemerged plants (%) Degree of pathogenicity

MGA-7 31.13 low pathogenic
MGD-4 40.00 low pathogenic
MGE-5 26.67 low pathogenic
MGG-13 62.20 high pathogenic
MGI-1 55.53 moderate pathogenic
MRIZP-201 48.87 moderate pathogenic
MRIZP-237 37.80 low pathogenic
MRIZP-570 51.13 moderate pathogenic
MRIZP-748 40.00 low pathogenic
MRIZP-830 35.54 low pathogenic
Control 4.47

The survival rate of seedlings developed from inoculated seeds with dif-
ferent isolates of F. verticillioides varied from 37.80% (MGG-13) to 73.33%
(MGE-5), which was significantly lower than in the control (95.53%) (Table
4). The observed isolates affected the reduction of the root growth in compari-
son with the epicotyl growth. The isolate MGI-1, originated from maize, as
well as, isolates MRIZP-201 and MRIZP-570, originated from wheat, expres-
sed similar pathogenicity, which was particularly established on the basis of
the root growth. The isolate MGD-4 showed peculiar behaviour, as disease se-
verity caused to seedlings was high (3.18), which made it similar to the high
pathogenic isolate (MGG-13), but due to a relatively high survival rate of
plants (60.00%), it was estimated as low pathogenic (Table 4).

Tab. 4 — Effect of F. verticillioides isolates on maize seedlings growing from artificially infected
seeds under greenhouse conditions

No. Isolate
Plant

survival*
(%)

Plant vigour*
Disease

severity*Length (cm) Dry weight (g)

Root Epicotyl Root Epicotyl

1. MGA-7 68.87bc 18.73bcd 14.71bc 2.10bcd 0.800abc 2.66bcd

2. MGD-4 60.00bcd 15.87cd 12.14bc 1.37cde 0.500bc 3.18abc

3. MGE-5 73.33ab 23.74b 16.86ab 2.23bc 0.767abc 2.00d

4. MGG-13 37.80d 11.42d 8.98c 1.10e 0.400bc 3.69a

5. MGI-1 44.47cd 13.79d 9.87c 1.33de 0.367c 3.41abc

6. MRIZP-201 51.13bcd 11.26d 12.15bc 1.00e 0.833ab 3.54ab

7. MRIZP-237 62.20bcd 23.22bc 18.26ab 2.00bcd 0.833ab 2.54bcd

8. MRIZP-570 48.87bcd 15.34d 13.52bc 1.23de 0.56bc 3.02abc

9. MRIZP-748 60.00bcd 17.77bcd 13.41bc 2.63b 0.600bc 2.40cd

10. MRIZP-830 64.46bcd 13.13d 13.18bc 1.80bcde 0.633abc 2.48cd

Average 57.64 16.43 13.30 1.67 0.629 2.85

11. Control 95.53a 31.62a 22.49a 3.97a 1.067a 0.10e

LSD (0.05) 3.574 6.864 5.411 0.800 0.388 0.898
LSD (0.01) 4.876 9.364 7.382 1.092 0.529 1.225

* Values of column followed by the same letter(s) are not significantly different (P = 0.05) accor-
ding to Duncan's multiple range test.
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Our results on pathogenicity of F. verticillioides are in accordance with
the results obtained by D e s j a r d i n s et al. (1995) and M u n k v o l d and
C a r l t o n (1997).

Vegetative compatibility

Mutants nit1 and NitM, with prevalence of nit1 (58.79%) over NitM
(5.77%) (Table 5), were isolated from the observed isolates of F. verticillioi-
des. According to the literature data (K l i t t i c h and L e s l i e, 1988), the
frequency of mutants nit1 is higher than the frequency of other types of nit
mutants.

Tab. 5 — Frequency of nit1 and NitM mutants in the studied F. verticillioides isolates

Isolate nit1 (%) NitM (%)

MGA-7 92.86 4.29
MGD-4 70.00 15.00
MGE-5 55.00 5.00
MGG-13 40.00 5.00
MGI-1 65.00 5.00
MRIZP-201 45.00 6.67
MRIZP-237 62.50 1.25
MRIZP-570 50.00 7.14
MRIZP-748 67.50 5.00
MRIZP-830 40.00 3.33

Average 58.79 5.77

Ten vegetative compatible groups (VCGs) of F. verticillioides were esta-
blished on the basis of the complementation test among the isolates in all pos-
sible combinations. These results point out to a high genetic diversity of the
population of this fungus pathogenic to maize. Similar results were stated by
C h u l z e et al. (2000).

CONCLUSION

All studied F. verticillioides isolates originated from wheat (five isolates)
and maize grain (five isolates) expressed pathogenicity to maize seedlings. Ac-
cording to the percentage of nonemerged plants, it was established that six,
three and one isolates expressed low, moderate and high pathogenicity. The
survival rate (%) and vigour (growth and dry weight of roots and epicotyls) of
plants that were developed from inoculated seeds, were significantly reduced
(approximately two times) in comparison with the control. There was a ten-
dency for isolates from different hosts to have similar values for pathogenicity.
These results are of a practical importance from the aspects of maize and
wheat crop rotation and for the success of breeding for resistance to F. verti-
cillioides.
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The analysis of the results on pathogenicity obtained on the basis of the
scale for the % nonemerged plants, plant survival rate (%), vigour (growth and
dry weight of roots and epicotyls) and disease severity, shows a concurrence
in defining moderate and high pathogenicity of isolates, while there was a cer-
tain nonconformance among these results in relation to low pathogenicity defi-
ning. Nevertheless, a selection of parameters, such as the scale for % of none-
merged plants, is a simple and good choice for the characterisation of pathoge-
nicity degree of all F. verticillioides isolates.

Two types of nit mutants, nit1 and NitM, were obtained by the use of the
method of vegetative compatibility. The frequency of nit1 mutants was greater
(58.79%) than the frequency of NitM mutants (5.77%). A total of 10 VCGs of
F. verticillioides were determined in the complementation tests. This number
of vegetative compatible groups indicates a high genetic diversity of the obser-
ved F. verticillioides population.
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PATOGENOST I DIVERZITET VEGETATIVNE KOMPATIBILNOSTI
FUSARIUM VERTICILLIOIDES

Vesna S. Krwaja1, Jelena T. Leviã2, Slavica Ÿ. Stankoviã2,
Zorica M. Tomiã1

1 Institut za stoåarstvo, Auto put 16, 11081, Beograd—Zemun, Srbija
2 Institut za kukuruz „Zemun Poqe", Slobodana Bajiãa 1,

11185, Beograd, Srbija

Rezime

Patogenost 10 izolata F. verticillioides, poreklom iz zrna pšenice (5 izo-
lata) i kukuruza (5 izolata), prouåavana je u uslovima staklenika. Na osnovu
razliåitih parametara ocene patogenosti (skala za % neizniklih biqaka, %
preÿivelih biqaka, vigora biqaka — porast i suva teÿina korena i epikotila,
i intenziteta bolesti) ustanovqeno je da su svi ispitivani izolati F. verticilli-
oides ispoqili razliåit stepen patogenosti. Prema % neizniklih biqaka 6
izolata ispoqilo je nisku, 3 izolata sredwu i jedan izolat F. verticillioides vi-
soku patogenost. Svi ispitivani izolati F. verticillioides su prouzrokovali sma-
weno preÿivqavawe i vigor biqaka, sa intenzitetom bolesti od 2.0 do 3.54.
Primenom metode vegetativne kompatibilnosti izolovane su dve vrste nit muta-
nata, nit1 i NitM. Uåestalost mutanata nit1 je bila veãa (58.79%) u odnosu na
NitM mutante (5.77%). U komplementarnim testovima ustanovqeno je 10 vegeta-
tivno kompatibilnih grupa (VCG) F. verticillioides što ukazuje na visok genetiå-
ki diverzitet populacije ovog patogena.
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THE TOXIGENIC POTENTIAL OF FUSARIUM POAE
ORIGINATED FROM WHEAT

ABSTRACT: Eleven isolates of F. poae, originated from wheat grain at 9 locations
mainly in Vojvodina, were encompassed by the present study. The greatest number of sam-
ples was collected in 2005, in which the climatic conditions favoured a more intensive oc-
currence of Fusarium ear blight of wheat. In order to determine toxicological potential of
this species, cultures of the selected isolates were grown in liquid media (GPY and SPY) on
a rotary shaker (180 revolutions min—1), at room temperature (21—26°C) for three days.
Crude toxins were isolated from liquid culture filtrates of isolates by the use of ethyl aceta-
te, while quantification of mycotoxins was done by the thin layer chromatography method.
A liquid culture of the isolate GZ-LES (F. graminearum) was used as a control for the eva-
luation of the zearalenone biosynthesis potential. On the other hand, the liquid culture of
the isolate KF-38/1 (F. sporotrichioides) was used as a control for both type-A trichothece-
nes (T-2 toxin and diacetoxyscirpenol — DAS).

The obtained results show that F. poae, in contrast to F. graminearum, has no poten-
tial for the zearalenone biosynthesis. The presence of DAS was determined only in one iso-
late of F. poae (MRIZP-666), and in the control isolate of F. sporotrichioides (KF-38/1/R),
that were grown in the GPY liquid medium. The T-2 toxin was detected in the isolate
MRIZP-666, grown in both media, and in the isolates MRIZP-37 and MRIZP-860, cultured
in the GPY and SPY liquid medium, respectively. The control culture KF-38/1/R (F. sporo-
trichioides) produced the T-2 toxin at the concentration of 4,000 mg L—1. According to the
gained information, it can be concluded that the potential of F. poae for the type-A trichot-
hecene biosynthesis was low, as the concentration of DAS or T-2 toxin did not exceed 80
mg L—1 or 240 mg L—1, respectively.

KEY WORDS: diacetoxyscirpenol, F. poae, in vitro biosynthesis, T-2 toxin, wheat

INTRODUCTION

The occurrence of Fusarium head blight of stronger intensity in wheat
was recorded not only in Europe, including Serbia (L e v i ã et al., 2004), but
worldwide during the last decade of the 20th century. The disease resulted in a
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significant economic damage, due to the grain yield reduction, in a quality
loss, due to shrunk grain, and in contamination with mycotoxins.

An enormous number of species of the genus Fusarium, including F. poae
(Peck) Wollenw, was isolated from Fusarium damaged wheat grain (W a a l -
w i j k, 2002). Although a high percentage of Fusarium poae was isolated from
the grain of wheat, barley and oats in certain years, its role in the aetiology of
Fusarium head blight had not been yet completely clarified (K e s t e m o n t et
al., 2002; K r y u c h k o v a et al., 2002; L e w et al., 2001; H o r n o k and
T o t h, 2001; H y s e k et al., 2000).

It is most often stated that only F. graminearum Schwabe and F. culmo-
rum (W. G. Smith) Sacc. are important for the aetiology of Fusarium head
blight (T e i c h, 1989). P a r r y et al. (1995) and W a a l w i j k (2002) have
an opinion that Fusarium head blight could be caused by four species — two
previously stated, F. avenaceum (Fr.) Sacc. and F. poae. Furthermore, in En-
gland, F. poae has been very often isolated from chaff spots, although the con-
nection between its occurrence and head blight has not been confirmed (N i -
c h o l s o n et al., 1997).

The species F. poae is important from the toxicological aspect as it bio-
synthesises a great number of mycotoxins, such as: diacetoxyscirpenol (DAS),
monoacetoxyscirpenol, nivalenol, fusarenone-X, T-2 toxin, HT-2 toxin, T-2
triol, T-2 tetraol, deoxysinivalenol, neosolaniol, beauvericin and enniatines
(BEA) (B o t t a l i c o, 1998; T o r p and L a n g s e t h, 1999; N i c h o l s o n
et al., 2004; C h e ø k o w s k i et al., 2007). Out of the stated mycotoxins,
type-A trichothecenes (T-2 toxin and DAS), produced by these species, are the
most important.

In Italy, it was determined that two main Fusarium species isolated from
wheat, F. poae and F. sporotrichioides Sherb., biosynthesised the T-2 toxin
and DAS in the amount that ranged from 6,200 to 120,000 ppb (C r i s e o et
al., 1989). According to the results obtained by G a g k a e v a et al. (2006),
F. poae synthesises more DAS than F. sporotrichioides, 400 ng mL—1 vs. 62
ng mL—1, while F. sporotrichioides produces more T-2 toxins (75,860 ng
mL—1) than F. poae does (158 ng mL—1). Besides the type-A trichothecenes, it
was determined that the species F. poae, originated from Fusarium damaged
wheat grain in Canada, produced the type-B trichothecenes (W o n g et al.,
1995). In Poland, F. poae was determined in 35% of wheat samples, while
chemical analyses showed no presence of the type-A trichothecene (T-2 toxins)
but just the presence of the type-B trichothecenes (G r a b a r k i e w i c z - S z c z e -
s n a et al., 2001). Contrary to these authors, K o s i a k et al. (2003) found
out that the same species in Norway was the best producer of the type-A tri-
chothecenes (T-2 and HT-2 toxins). A somewhat lower frequency of F. poae
on wheat grain (13.5%) was recorded by M u t h o m i et al. (2006) in Kenya.
These authors determined only the presence of T-2 toxin and zearalenone in
the same substrate.

According to the mycological studies carried out in Serbia by B o å a -
r o v - S t a n å i ã et al. (1991), only the type-A trichothecene (T-2 toxin), in
the amount of 310—780 ppb, was present in wheat grain, originated from a
macro-trail in Klek (Vojvodina). Š k r i n j a r et al. (1996) detected zearaleno-
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ne just in one sample of wheat, harvested during 1994. In both cases, not a
single determined Fusarium spp. belonged to F. poae. D o p u ð a and L e -
v i ã (2004) and S t o j a n o v i ã et al. (2005) determined the presence of F.
poae in 12% and 7% of the samples, respectively, but the authors did not pre-
sent data on their toxigenicity. The results of D o p u ð a and L e v i ã (2004),
obtained on the basis of studies performed on the samples of five wheat culti-
vars harvested during 2002 and 2003 at four locations, show that F. poae oc-
curred more intensively in the year (2003) in which the frequency of F. grami-
nearm was lower, and vice versa. Similar results were achieved by S c h a a f -
s m a (1999) who stated that the presence of F. poae, F. sporotrichioides and
F. avenaceum on wheat grain in Canada was reduced during the years with
more intensive occurrence of F. graminearum.

Our previous studies performed on Fusarium isolates originated from
wheat (harvested during 1982 and 1984), cultured on the natural solid substra-
te, showed that 22% of the observed Fusarium spp. biosynthesised DAS, and
even 44% produced T-2 toxin, although not a single one belonged to the spe-
cies F. poae (B o å a r o v - S t a n å i ã et al., 1986).

The potential of F. poae to biosynthesise one group of fusariotoxins —
the type-A trichothecenes (T-2 toxin and DAS), and zearalenone (ZEA) —
was observed under in vitro conditions in the present study. In our country ac-
cording to the literature data, a little attention was paid, to the study of the
toxicological profile of this species, considering its distribution and toxicoge-
nic properties.

MATERIAL AND METHODS

Cultures of Fusarium poae. Isolates of the fungus F. poae were obtained
from grain samples of wheat, collected in harvest at 20 locations in 2003,
2005 and 2006. A total of 103 isolates of this species were isolated and deter-
mined. Out of these 103, 11 isolates, designated as MRIZP-32, MRIZP-37,
MRIZP-664, MRIZP-665, MRIZP-666, MRIZP-833, MRIZP-834, MRIZP-860,
MRIZP-879, MRIZP-890 and MRIZP-897, were selected for toxicological stu-
dies.

Each sample of 32 wheat kernels (four replicates) was analysed. Eight
surface sterilised kernels were placed on each water agar (WA) in the 10-cm
Petri dishes, and incubated under indoor conditions for seven days. Resulting
colonies were purified by the procedure of obtaining monosporous cultures
that were then used for the identification of Fusarium species. Monosporous
cultures were subcultured on the potato dextrose agar (PDA), carnation sterili-
sed leaf-fragment agar (CLA), and synthetic nutrient agar (SNA). Cultures on
the PDA were incubated in the dark at 25 ± 1°C, while cultures on the CLA
and SNA were incubated under fluorescent and near ultraviolet light for 12
hours at 25 ± 1°C, and in the dark for 12 hours at 20 ± 1°C. The identification
of the obtained species was done after N e l s o n et al. (1983) and B u r -
g e s s et al. (1994). The identified isolates were stored on the PDA, CLA and
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SNA slants in ampoules at +4°C, until studying of their toxicological potential
in the liquid culture.

Control isolates. The following species for which it was previously deter-
mined (B o å a r o v - S t a n å i ã, unpublished data) to have the capacity to bi-
osynthesise fusariotoxins five weeks after the cultivation on wet maize grain
at 30°C, were chosen as the control isolates: a) F. graminearum, the isolate
GZ-LES that synthesises ZEA and DON at the concentration of 4,420 ppb and
465,900 ppb, respectively; b) F. sporotrichioides, KF-38/1/R, a re-isolate of
the original strain that biosynthesises T-2 toxin and DAS at the concentration
of 2,400 ppb and 1,600 ppb, respectively.

Medium and conditions for the toxin production. All isolates of F. poae
and both control isolates were grown in the glucose-peptone-yeast extract
(GPY) liquid medium. Also, three isolates of F. poae and the control isolates
were grown in sucrose-peptone-yeast extract (SPY) liquid medium. The GPY
liquid medium (pH 5.8) contains 5% of glucose, 0.1% of peptone and 0.1% of
yeast extract. The SPY liquid medium (pH 6.5) contains 5% of sucrose, 0.1%
of peptone and 0.1% of yeast extract.

Media (100 ml each) were poured into 500-ml Erlenmeyer flasks, and
cultured with five fragments (5 x 5 mm) of the fungus that were grown on po-
tato dextrose agar (PDA) in the Petri dishes at 27°C, for seven days. In order
to obtain submersed cultures, after inoculation of the medium the Erlenmeyer
flasks were kept on the rotary shaker (180 rounds min—1) at room temperature
(21—26°C) for three days. The pH value was measured after the incubation of
the isolate.

Determination of fusariotoxins. After the cultivation on the rotary sha-
ker, liquid cultures were filtered. Qualitative and quantitative ZEA determinati-
ons in filtrates of mould cultures were carried out by applying the multitoxin
thin layer chromatographic method, developed by C v e t n i ã et al. (2005).
Crude extracts of the type-A trichothecenes (DAS and T-2 toxin) were obtai-
ned by the use of ethyl acetate. Each liquid culture (25 ml) was extracted
twice with 15 ml of ethyl acetate. Organic extracts were recovered by filtration
through the layer of anhydrous sodium sulphate, combined and evaporated al-
most to dryness, under the rotary evaporator. Further purification was done by
the method of R o m e r et al. (1978). The crude oily extract of trichothecenes
was dissolved in the methanol/water (1:1, v/v) extraction solvent, which tends
to extract compounds of the polarity of trichothecenes, while it does not
extract low polar compounds, such as fats and oils. Afterwards, 30% of
aqueous ammonium sulphate was added to remove additional interferences.
The further step was selective concentration of the analytes into chloroform,
and removal of acidic interferences from chloroform extracts, by washing it
with the aqueous potassium hydroxide solution. Thinlayer chromatography was
performed according to P e p e l j n j a k and B a b i ã (1991) with toluole/
ethyl acetate/formic acid developing solvent (5:4:1, v/v/v). All analyses were
done in three repetitions.
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RESULTS AND DISCUSSION

After the incubation period, with the exception of one F. poae isolate
(MRIZP-890), the decreased pH value was determined in both liquid media,
especially in the control isolates (Tables 1 and 2).

The results obtained in mycotoxicological studies show that F. poae, in
contrast to F. graminearum (isolate GZ-LES), did not have the potential for
the zearalenone biosynthesis (Tables 1 and 2). These results are in accordance
with literature data (M a r a s a s et al., 1984). Generally, there is a very small
number of authors stating that F. poae biosynthesises zearalenone, among ot-
hers K o c i ã - T a n a c k o v (2004). By re-testing numerous toxicogenic iso-
lates of the Fusarium species, M a r a s a s et al. (1984) determined that some
results obtained on the production of mycotoxins were incorrect as the identifi-
cation of fungi was not correct.

Tab. 1 — Yields (mg L—1) of zearalenone and type-A trichothecene (DAS, T-2 toxin) in GPY
liquid cultures of 11 F. poae isolates originated from wheat and control isolates of F. graminea-
rum (No. 12) and F. sporotrichioides (No. 13)

No. Isolate
designation Origin pH

Fusariotoxin yields (�g L—1)

ZEA DAS T-2

1. MRIZP-32 Inðija 5.30 n.d.* n.d.** n.d.**
2. MRIZP-37 Erdevik 5.50 n.d.* n.d.** 240
3. MRIZP-664 Zemun Polje 5.23 n.d.* n.d.** n.d.**
4. MRIZP-665 Zemun Polje 5.40 n.d.* n.d.** n.d.**
5. MRIZP-666 Zemun Polje 5.41 n.d.* 80 n.d.**
6. MRIZP-833 Lipniåki Šor 5.04 n.d.* n.d.** n.d.**
7. MRIZP-834 Stari Banovci 5.63 n.d.* n.d.** n.d.**
8. MRIZP-860 Sombor 5.48 n.d.* n.d.** 80
9. MRIZP-879 Loznica 5.52 n.d.* n.d.** n.d.**

10. MRIZP-890 Pazova 5.87 n.d.* n.d.** n.d.**
11. MRIZP-897 Pirot 5.71 n.d.* n.d.** n.d.**
12. GZ-LES Leskovac 4.40 37 n.d.** n.d.**
13. KF-38/1/Ra Poland 4.20 n.d.** 240 4,000

a — from barley grains; n.d.* — not detected (F—1); n.d.** — not detected (F—1)

Tab. 2 — Yields (mg L—1) of zearalenone and type-A trichothecene (DAS, T-2 toxin) in SPY
liquid cultures of three F. poae isolates (No. 1—3) originated from wheat and control isolates of
F. graminearum (No. 4) and F. sporotrichioides (No. 5)

No. Isolate
designation Origin pH

Fusariotoxin yields (mg L—1)

ZEA DAS T-2

1. MRIZP-666 Zemun Polje 6.09 n.d.* n.d.** 80
2. MRIZP-860 Sombor 5.88 n.d.* n.d.** 80
3. MRIZP-897 Pirot 5.84 n.d.* n.d.** n.d.**
4. GZ-LES Leskovac 4.73 n.d.* n.d.** n.d.**
5. KF-38/1/Ra Poland 4.69 n.d.* n.d.** 160

a — from barley seeds; n.d.* — not detected (F—1); n.d.** — not detected (F—1)
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The presence of DAS was recorded in the isolate MRIZP-666 (F. poae)
and the control isolate KF-38/1/R (F. sporotrichioides) in the glucose-pepto-
ne-yeast (GPY) liquid medium at the concentration of 80 mg L—1 and 240 mg
L—1, respectively. In both cases, the DAS yield was low, close to the limit of
detection (LOD) of the applied method. M a r a s a s et al. (1984) concluded
that some, but not all isolates in F. poae, were able to produce DAS, and the
ability could be lost rapidly in culture.

The T-2 toxin was detected in the following three F. poae isolates:
MRIZP-860 (in both liquid cultures — 80 mg L—1), and MRZIP-37 (240 mg
L—1) and MRIZP-666 (80 mg L—1) in the GPY and SPY liquid culture, respec-
tively (Table 1). The control culture KF-38/1/R (F. sporotrichioides) in the
glucose-peptone-yeast extract (GPY) liquid medium, produced this mycotoxin
at the concentration of 4,000 mg L—1. However, these values were significantly
lower than those recorded with the original strain of this species, in which the
production of the T-2 toxin at the concentration of 150,000 mg L—1 had been
recorded (M a š i ã et al., 1997). The obtained results can be explained by the
fact that a long-term passaging of microorganism isolates, even fungi isolates,
on the artificial media leads to a gradual loss of their biochemical properties.
Although F. sporotrichioides KF-38/1/R were reisolated (KF-38/1R) from ste-
rile, wet maize grain, it is obvious that their initial potential for production
was not completely recovered. On the other hand, a low T-2 toxin yield in the
F. poae isolate (Table 1 and 2) can not be interpreted in such a way, conside-
ring that the majority of the isolates were from 2005, hence they were subcul-
tivated under laboratory conditions only for a short period of time. Thus, these
isolates of F. poae can be considered as non-toxic.

The gained results show that under such conditions of cultivation in the
liquid media, the isolates of F. poae from wheat originated in Serbia express
low potential for biosynthesis of the type-A trichothecenes. Similar results
were obtained with isolates of other potentially toxigenic Fusarium spp. (F.
oxysporum and F. proliferatum) also determined on wheat. A fairly weak po-
tential for the production of fusariotoxins was evaluated when the cultivation
was performed in the liquid medium: 250—320 mg L—1 ZEA, i.e. 320 mg L—1

DAS and 160 mg L—1 T-2 toxin (B o å a r o v - S t a n å i ã et al., 2003). Accor-
ding to our previous studies, greater amounts of the T-2 toxin in Fusarium
spp. cultures originated from wheat grain from Serbia were recorded only in
F. sporotrichioides and F. culmorum (B o å a r o v - S t a n å i ã, 1996).

Unlike low toxigenic potential of the isolates of Fusarium spp., originated
from wheat from Serbia, the information gained in the countries of Northern
Europe show that yields, especially those of T-2 toxin, were significantly hig-
her at the cultivation of Fusarium spp. under laboratory conditions. In Norway,
T o r p and L a n g s e t h (1999) determined the biosynthesis of the T-2 toxin
in all tested isolates at the concentration of 25,000—400,000 mg L—1. A Fusa-
rium species resembling F. poae (= F. langsethiae Torp and Nirenberg) was
cultured on the PDA, or in the liquid medium with yeast extract and sucrose.
K r o i a k o v a et al. (1989) obtained T-2 toxin yields ranging from 50 to
600,000 ppb, when three isolates of F. sporotrichioides v. poae, originated
from wheat grain, harvested in Moscow region, were in vitro cultivated. H o r -
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n o k and T o t h (2001) state that the application of the thinlayer chromato-
graphy assay revealed no trichothecene producing strain among F. poae isola-
tes originated from Hungary.

Considering the presented results, in order to obtain the final answer to
the question on the toxicological profile of the F. poae isolates in Serbia, it is
necessary to carry out additional studies, not only with new isolates of the co-
ming years, but also under different cultivation conditions, first of all on the
sterile natural substrates, such as wheat and maize. M a r a s a s et al. (1984)
brought forward examples in which differences in the trichothecene production
occurred due to conditions and substrates of the F. poae cultivation.

CONCLUSIONS

According to the presented results, it can be concluded that F. poae isola-
tes from wheat, in contrast to F. graminearum, have no potential for the zeara-
lenone biosynthesis.

In the case of the type-A trichothecenes, the diacetoxyscirpenol, i.e. T-2
toxin production was detected only in one culture of F. poae, i.e. 15.38% of
the studied isolates, respectively. The potential of F. poae from wheat, for the
type-A trichothecene production was low, as the concentration of DAS and
T-2 toxin did not exceed 80 mg L—1 and 240 mg L—1, respectively.

An answer to the question on the toxicological profile of the F. poae can-
not be made, unless other cultivation conditions are not observed, and unless a
greater number of isolates of this species, originated from different harvest
years of wheat and other cereals that are hosts of this species, are not studied.
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TOKSIGENI POTENCIJAL IZOLATA FUSARIUM POAE
POREKLOM SA PŠENICE
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3 Institut za stoåarstvo, Autoput 16, 11081 Beograd, Srbija

Rezime

U ovom radu je u in vitro uslovima prouåena sposobnost izolata F. poae za
biosintezu jedne grupe fuzariotoksina — trihotecena tipa A (T-2 toksin i di-
acetoksiscirpenol-DAS), kao i zearalenona (ZEA). Toksikološki profil ove
vrste je kod nas nedovoqno ispitan s obzirom na wenu zastupqenost i toksige-
na svojstva preme literaturnim podacima.

Prouåavawima je bilo obuhvaãeno 11 izolata F. poae, poreklom sa pšeni-
ce iz 9 lokaliteta, uglavnom sa podruåja Vojvodine. Najveãi broj uzoraka priku-
pqen je 2005. godine, kada su klimatski uslovi pogodovali intenzivnijoj pojavi
fuzarioza klasa ove poqoprivredne kulture. Za odreðivawe toksikološkog po-
tencijala F. poae, kulture odabranih izolata su gajene u teånim podlogama (GPK
i SPK) tokom 3 dana na sobnoj temperaturi (21—26°S) i na rotacionoj tresi-
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lici (180 obrtaja min—1). Sirovi toksini su izolovani iz filtrata teånih
kultura ispitanih izolata pomoãu etil acetata, dok je kvantifikacija miko-
toksina izvršena metodom tankoslojne hromatografije. Teåna kultura izolata
GZ-LES (F. graminearum) je korišãena kao kontrolna kultura za utvrðivawe po-
tencijala za biosintezu zearalenona, a KF-38/1/R (F. sporotrichioides) za oba
trihotecena tipa A (T-2 toksin i DAS).

Dobijeni rezultati pokazuju da F. poae, za razliku od F. graminearum, ne
poseduje potencijal za biosintezu zearalenona. Prisustvo DAS-a je utvrðeno
samo kod jedne kulture F. poae (MRIZP-666) i kontrolnog izolata F. sporotric-
hioides (KF-38/1/R) koji su gajeni u teånom GPK medijumu. T-2 toksin je detek-
tovan kod izolata MRIZP-666 pri gajewu u obema podlogama, kao i izolata
MRIZP-37 u GPK, odnosno MRIZP-860 u SPK medijumu. Kontrolna kultura
KF-38/1/R (F. sporotrichioides) proizvodila je T-2 toksin u koncentraciji od
4000 mg L—1.

Na osnovu iznetih podataka moÿe se zakquåiti da je potencijal F. poae za
biosintezu trihotecena tipa A bio nizak u datim uslovima s obzirom da kon-
centracija DAS-a nije prelazila 80 mg L—1, odnosno T-2 toksina 240 mg L—1.

Imajuãi u vidu prikazane rezultate, smatramo da je za dobijawe konaånog
odgovora na pitawe o toksikološkom profilu izolata F. poae u Srbiji neop-
hodno preduzeti dodatna ispitivawa, ne samo sa novim izolatima iz godina ko-
je slede, nego i u drugim uslovima kultivisawa, u prvom redu na sterilnom
prirodnom supstratu kao što su pšenica i kukuruz.
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INVESTIGATIONS OF THE CAPABILITY OF FUSARIUM
ISOLATES FROM CORN FOR BIOSYNTHESIS

OF FUSARIOTOXINS

ABSTRACT: The aim of this paper was to investigate the potential of zearalenone
(ZEN), and type A trichothecenes (T-2 toxin and diacetoxyscirpenole — DAS) for bi-
osynthesis by Fusarium spp. isolated from corn kernels contaminated by mycotoxins.

The samples of corn kernels (2004 and 2005 harvest) originating in different regions
of Baåka (Vojvodina, Serbia) were tested. Mycotoxicological investigations showed in most
cases a significant contamination with deoxynivalenol (DON 200 — 2,460 mg/kg) and ZEA
(520 — 1,680 mg /kg).

Isolations and identifications of fusaria established only the presence of species F.
verticillioides, after one month storage in freezer conditions, in fusariotoxin positive sam-
ples. The control cultures known as ZEA producers — F. graminearum GZ-LES, i.e. T-2
toxin and DAS producer — F. sporotrichioides KF-38/1/R were also tested. In vitro
toxicological investigations of isolated fusaria were performed in liquid semisynthetic media
(GPK or SPK), and on wet sterilized corn kernels, respectively.

Under testing conditions, analyzed F. verticillioide and F. sporotrishioides isolates
were not ZEA producers. Contrary to them, F. graminearum GZ-LES pure culture was very
good producer of fusariotoxins; it biosynthesized max. 465,900 mg/kg DON, and 4,416
mg/kg ZEA, respectively.

Cultivation conditions influenced a great deal of T-2 toxin production under labora-
tory conditions. In most cases, higher yields were obtained during the cultivation of F. ver-
ticillioides in liquid glucose medium (80—240 mg/L). Contrary to the control strain F. spo-
rotrichioides KF-38/1/R that under the same conditions synthesized, besides T-2 toxin
(4.000 mg/L) and DAS (240 mg/L), isolates of F. verticillioides from corn grain did not
show that ability.

KEY WORDS: biosynthesis, corn grains, fusariotoxins, Fusarium spp.
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INTRODUCTION

Corn is predominantly attacked by Fusarium graminearum, F. verticillioi-
des, F. proliferatum and F. subglutinans (D o o h a n et al., 2003). These re-
presentatives of Fusarium genus differ in their climatic distribution, optimal
conditions for growth and toxin production, as well as in pathogenicity to dif-
ferent cerealia. Several Fusarium species known as causal agents of corn ear
rot are capable to biosynthesize toxic metabolites in infected kernels, some of
which have notable impact on human and animal health. Zearalenone (ZEA)
and deoxynivalenol (DON) are commonly found in red ear rot of corn, a dise-
ase essentially caused by species of Discolor section, usually F. graminearum
(L o g r i e c o et al., 2002). Diacetoxyscirpenol (DAS) and T-2 toxin are ma-
inly associated with the presence of representatives of Sporotrichiella section
F. poae and F. sporotrichioides. According to the data presented by M a r a -
s a s et al. (1984) F. verticillioides can also biosynthesize ZEA, DAS and T-2
toksin, although these authors regarded them as unlikely.

MATERIAL AND METHODS

Fungal cultures. Four F. verticillioides isolates from corn grains of 2004
and 2005 harvest were investigated (Table 1). Isolations were performed from
coarse corn grain after one month of storage in freezer conditions. Coarsed
material was placed on the surface of Petri dish (10 cm diameter), on potato
dextrose agar supplemented with straeptomycin sulphate (500 mg/L) (PDAS),
and incubated at room temperature (23—26°C) for 7 days. Grown fungal colo-
nies, were purified by the method of obtaining monosporous colonies which
were further on used for the identification of Fusarium spp. Determination of
the obtained species was done according to N e l s o n et al. (1983), and con-
firmed by dr J. L e v i ã (Maize Research Institute “Zemun Polje", Belgrade—
Zemun). The obtained isolates were afterwards kept on PDA slants at 4°C, un-
til in vitro investigation of their toxigenic potential was not performed in
liquid culture.

Control isolates. Fusarium cultures, known as fusariotoxin producers,
were also under present investigation: 1) Fusarium graminearum GZ-LES pro-
ducer of ZEA, according to B o å a r o v - S t a n å i ã et al. (1986), and 2) F.
sporotrichioides KF-38/1/R reisolate of original strain known as T-2 toxin and
DAS producer (M a š i ã et al., 1997). Stock cultures of the fungi were mainta-
ined on potato dextrose agar at 4°C.

Conditions for toxin production. 1) Control isolates Fusarium graminea-
rum GZ-LES and F. sporotrichioides KF-38/1/R were cultivated on naturaly
dried corn grain (hybrid NS-444, locality Stajiãevo — Vojvodina) with 53.12%
of initial moisture. Substrate inoculation (250 g) in flasks (1750 ml) was per-
formed with fungal fragments cultivated for 7 days at 26 ± 1°C in PDA Petri
dishes (1/2 of the fungal growth, 10 cm in diameter). Cultivation was perfor-
med in darkness at 30 ± 1°C for 35 days. 2) All F. verticilioides isolates, as
well as both control cultures, were parallely grown in GPY liquid medium
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(5% of glucose + 0.1% of peptone + 0.1% of yeast extract) pH 5.8; and SPY
medium (5% of saccharose + 0.1% of peptone + 0.1% of yeast extract) pH 6.5
respectively. Media were poured in Erlenmeyer flasks (500 ml) in volume of
100 ml each (A), or 250 ml each (B), and sowed with 5 fragments (5 x 5 mm)
of fungus cultivated on PDA in Petri dishe at 26 ± 1°C for 7 days. After ino-
culation, Erlenmeyer flasks were cultivated on rotary shaker under submerged
conditions (180 revolutions per min-rpm) at room temperature (23—26°C).
Fusarium graminearum GZ-LES was also cultivated under stacionary conditi-
ons in 100/500 ml GPY for 13 days at room temperature (23—26°C) (C).

Determination of fusariotoxins. 1) After cultivation on corn grains, the
samples were dried for 24 h or more at 60°C, until constant weight was not
achieved. After pulverization of dried samples, DON determination was done
according to A b r a m o v i ã et al. (2005), and ZEA by the use of multitoxin
method applied by B a l z e r et al. (1978). Type A trichothecenes were isola-
ted and purified according to the method of R o m e r et al. (1978). Thin layer
chromatography of ZEA, T-2 toxin and DAS was was done according to P e -
p e l j n j a k and B a b i ã (1991).

2) After cultivation on rotary shaker, liquid cultures were filtered. Quali-
tative and quantitative ZEA determination in filtrates of Fusarium cultures was
carried out by applying multitoxin thin layer chromatographic method of
C v e t n i ã et al. (2005). Crude extracts of type A trichothecenes (DAS i T-2
toxin) were obtained by the use of ethyl acetate. Further purification was done
by the method of R o m e r et al. (1978). Thin layer chromatography was per-
formed according to P e p e l j n j a k and B a b i ã (1991) with toluole/ethyl
acetate/formic acid developing solvent (5:4:1, v/v/v).

RESULTS AND DISCUSSION

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

Tab. 1 — Presence of deoxynivalenole (DON) and zearalenone (ZEA) in samples of corn kernels
(harvest 2004 and 2005).

No. Sample
design. Type of sample

Quantity of fusariotoxins
(�g/kg)

DON ZEA

1. N001/06 Coarse corn grain KPUT4, Putinci 2005 1,130 1,680
2. N002/06 Coarse corn grain KŠID, Šid 2005 200 520
3. N003/06 Coarse corn grain 57002 — n.d. (< 0.037)
4. N004/06 Corn grain 12168, Kupusina 2004 2,460 800

Seventy five percentages of tested samples of coarsed/whole corn grain
originating from 2004 and 2005 were contaminated with DON. Detected
quantities of this mycotoxin ranged from 200 to 2,460 mg/kg (Table 1). Higher
concentrations of fusariotoxin ZEA than DON were found in 2 samples (2005
harvest) out of three positive samples for this type B trichothecene. The obtai-
ned results can be explained by the assumption that in 2005 the harvest was
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carried out in later vegetative phase of corn than in 2004. According to the in-
vestigations of L e w (1995), DON can be found very early and in high
quantities in cereal grains attacked by Fusarium spp., contrary to ZEA, fusa-
riotoxin which appears only in the later phase of fungal growth.

Tab. 2 — Yield of DON, ZEA and type A trichothecenes (DAS i T-2) in control isolates F. gra-
minearum and F. sporotrichioides cultivated on sterilised corn grains under laboratory conditions

No. Cultivation
period

Control
isolate

Moisture
(%)

Yield of fusariotoxins (�g/kg)

DON ZEA DAS T-2

1. Starting
sample — 53.1 n.d.* n.d.** n.d.*** n.d.***

2. 17 days
GZ-LES 62.5 — 220 n.d.*** n.d.***

KF-38/1/R 58.4 — n.d.** n.d.*** n.d.***

3. 35 days
GZ-LES 80.4 465,900 4,416 n.d.*** n.d.***

KF-38/1/R — n.d.* n.d.** 1,600 2,400

Legende: n.d* — not detected (< 45 mg/kg),
n.d.** — not detected (< 37 mg/kg),
n.d.*** — not detected (< 60 mg/kg).

The results obtained during cultivation of the control strains F. graminea-
rum GZ-LES and F. spototrichioides KF-38/1/R on natural solid substrate at
30°C are shown in are Table 2. Corn kernels used as the substrate for in vitro
investigations of toxin production were not contaminated with fusariotoxins.
Isolate F. graminearum produced only type B trichothecene (DON) and ZEA
in that conditions. During prolongated cultivation, the yield of ZEA increased
from 220 mg/kg after 17 days to 4,416 mg/kg after 35 days. The obtained re-
sults are in accordance with the previously quoted opinion of L e w (1995).
F. sporotrichioides KF-38/1/R biosynthesized only type A trichothecenes after
35 days on wet sterilized corn grain substrate (1,600 mg/kg DAS, and 2,400
mg/kg T-2 toxin, respectively). These results are in accordance with the data
presented by M a r a s a s et al. (1985) concerning toxigenic potential of Fusa-
rium spp., as well as with data concerning optimal temperature conditions for
the production of fusariotoxins presented by other authors. B o å a r o v - S t a n -
å i ã et al. (1986) point out that most (50%) of F. graminearum isolates bio-
synthesized ZEA during cultivation at rather high constant temperature (28°C).
Similar temperature conditions favoured DON production by the same fusaria
species: 28°C (L l o r e n s et al., 2004) and 25°C (H o p e et al., 2005, R a -
m i r e z et al., 2006) respectively.
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Tab. 3 — Yield (mg/L) of zearalenone and tipe A trihotecenes (DAS, T-2 toxin) in GPY liquid
culture of four F. verticillioides originated from corn grains and control isolates F. graminearum

(No. 5) and F. sporotrichioides (No. 6)

No. Isolate
designition Aeration pH

Yield of fusariotoxins (�g/L)

ZEA DAS T-2

1. N001/06
A 4.71 n.d.* n.d.** 80
B 4.29 n.d.* n.d.** 240

2. N002/06
A 4.77 n.d.* n.d.** n.d.**
B 4.72 n.d.* n.d.** 240

3. N003/06
A 4.96 n.d.* n.d.** 160
B 4.33 n.d.* n.d.** n.d.**

4. N004/06
A 4.76 n.d.* n.d.** n.d.**
B 4.55 n.d.* n.d.** 80

5. GZ-LES
A 4.40 37 n.d. ** n.d. **
C 5,70 75 — —

6. KF-38/1/R A 4.20 n.d. * 240 4. 000

Legende: n.d.* — not detected (< 37 mg/L),
n.d.** — not detected (< 80 mg/L)

Tab. 4 — Yield (mg/L) of zearalenone and tipe A trihotecenes (DAS, T-2 toxin) in SPY liquid
culture of four F. verticillioides originated from corn grains and control isolates F. graminearum

(No. 5) and F. sporotrichioides (No. 6)

No. Isolate
designition Aeration pH

Yield of fusariotoxins (�g/L)

ZEA DAS T-2

1. N001/06
A 4.95 n.d.* n.d.** n.d.**
B 4.22 n.d.* n.d.** 120

2. N002/06
A 5.14 n.d.* n.d.** n.d.**
B 4.80 n.d.* n.d.** 80

3. N003/06
A 5.17 n.d.* n.d.** 80
B 4.07 n.d.* n.d.** n.d.**

4. N004/06
A 5.04 n.d.* n.d.** n.d.**
B 4.45 n.d.* n.d.** 80

5. GZ-LES A 4.73 n.d.* n.d.** n.d.**

6. KF-38/1/R A 4.69 n.d.* n.d.** 160

Legende: n.d.* — not detected (< 37 mg/L),
n.d.** — not detected (< 80 mg/L)

On the basis of the results presented in Table 1, high concentrations of
DON and ZEA, it should be expected that one can isolate from these corn ker-
nels mainly species F. culmorum or F. graminearum which are, according to
the literature data, the best producers of the same mycotoxins (M a r a s a s et
al., 1984). However, having in mind storage conditions of the samples and low
viability of F. graminearum conidia in the first place, as well as higher viabi-
lity of conidia of other fusaria pathogenic to corn (D o o h a n et al., 2003), it
is not so surprising that F. verticillioides was obtained solely.
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pH value. During submerged cultivation (Tables 3 and 4), with the
exception of the control isolate F. graminearum GZ-LES, the pH value decre-
ase was observed in all other liquid cultures after incubation. In both cases of
liquid media (GPY/SPY) more outstanding changes of the same paramether
were noted in higher volume of fermentation media (250/500 ml).

ZEA biosynthesis. Although C v e t n i ã et al. (2005) found that some F.

verticillioides isolates from agricultural regions of Croatia can produce ZEA,
during our investigation the production of this fusariotoxin was noted only in
liquid GPY culture of F. graminearum (Table 3), but in much lower quantities
than during incubation on the natural solid substrate (37 and 75 mg/L, and 220
and 4,659 mg/kg, respectively) (Tables 2 and 3). Higher yield of ZEA was ob-
tained during stationary cultivation in the liquid medium of the same composi-
tion. Last result is in accordance with our previous investigations of different
liquid nutrient media (B o å a r o v - S t a n å i ã and Š k r i n j a r, 1995).

DAS biosynthesis. It was not recorded in any of the tested F. verticillioi-

des isolates, but was found in liquid GPY culture of the control isolate F. spo-

rotrichioides KF-38/1/R — 240 mg/L (Table 3). Although again, much lower
yields of DAS were achieved in liquid medium than on sterilized corn grains
(Tables 2 and 3), the period of incubation was much shorter (3 days in compa-
rison with 35 days). That fact can become a great advantage in the case of
screening toxicity of a large number of Fusarium spp. under laboratory condi-
tions.

T-2 toxin biosynthesis. It was observed (Tables 3 and 4), besides control
strain F. sporotrichioides KF-38/1/R, in all tested F. verticillioides isolates
from corn (80 do 240 mg/l in GPY, and 80—120 mg/l in SPY, respectively). In
the last case, found concentrations were rather low, i.e. near the detection
limit. During submerged cultivation in both liquid media in 75% of the te-
sted cases, higher yields of this type A trichothecene were achieved under the
conditions of smaller aeration (250/500 mL). An exception was the isolate
N003/06 that produced more T-2 toxin during cultivation in higher aeration
conditions (Tables 3 and 4). The obtained results are in accordance with the
investigation of M a š i ã et al. (1997). These authors recorded, with one F.

verticillioides isolate from corn grains, T-2 toxin biosynthesis (500 mg/L) un-
der similar laboratory conditions.

Influence of the sugar type. Eighty percentages of the tested isolates, in-
cluding the control one KF-38/1/R, regardless of volume of fermentation me-
dium, achieved higher yields of T-2 toxin in glucose medium GPY (80 —
4,000 mg/L) than in sucrose medium SPY (80 — 160 mg/L). In contrast to our
findings, U e n o et al. (1975) didn't observe the same influence of sugar type
during cultivation of other fusaria in the liquid media with the same composi-
tion.

On the basis of the presented results it can be concluded that isolates of
F. verticillioides originating from Vojvodina possess weak potential for T-2
toxin production.
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CONCLUSIONS

Only F. verticillioides cultures were isolated from corn kernels harvested
in 2004/2005, contaminated with rather high quantities of DON (200 — 2,460
mg/kg) and ZEA-a (520 — 1,680 mg/kg).

During submerged cultivation of these isolates in liquid media (GPY and
SPY) all 4 tested F. verticillioides cultures biosynthesized T-2 toxin (80 —
240 mg/L), as well as the control strain F. sporotrichioides KF-38/1/R.

Production of DAS and ZEA was not observed with F. verticillioides iso-
lates, but it was with control cultures F. graminearum (ZEA) and F. sporotri-

chioides (DAS) during cultivation in the same liquid media (GPY and SPY).
The influence of glucose, as sugar source, was more favourable than sac-

charose on T-2 toxin biosynthesis in most (80%) of the tested samples.
After 35 days of cultivation on solid natural substrate, the control strain

F. graminearum GZ-LES produced high DON (469,900 mg/kg) and ZEA
(4,416 mg/kg) quantities. Under the same cultivation conditions another control
isolate F. sporotrichioides KF-38/1/R, biosynthesized only type A trichothece-
nes (1,600 mg/kg DAS, and 2,400 mg/kg T-2 toxin, respectively).
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Rezime

Iako pripada grupi najmawe toksiånih trihotecena (tip B), fuzarijumski
mikotoksin dezoksinivalenol (DON) je od velikog znaåaja za kvalitet hrane i
stoåne hrane, s obzirom da moÿe biti indikator prisustva drugih, toksiånijih
jediwewa kao što je npr. zearalenon (ZEA). S druge strane znaåajno je i pra-
ãewe prisustva trihotecena tipa A (T-2 toksin i DAS) s obzirom na wihovu
izrazitu toksiånost i u mawim koncentracijama.

Ciq ovog istraÿivawa je bio da se ispita potencijal za biosintezu zeara-
lenona (ZEA) i trihotecena tipa A (T-2 toksin i DAS) kod Fusarium kultura
izolovanih sa zrna kukuruza kontaminiranog mikotoksinima.

Istraÿivawem su bili obuhvaãeni uzorci kukuruza roda 2004/2005. god.
poreklom iz razliåitih regiona Baåke. Mikotoksikološka istraÿivawa datih
uzoraka su kod veãine pokazala znaåajnu kontaminaciju sa DON-om (200 — 2.460
mg/kg) i ZEA-om (520 — 1.680 mg/kg).

Izolacije i identifikacije fuzarija su pokazale iskquåivo prisustvo vr-
ste F. verticillioides. Ispitivawa toksigenosti ovih izolata su obavqena u teå-
nim semi-sintetiåkim podlogama sa glukozom (GPK) i saharozom (SPK), kao i
na vlaÿnom, sterilnom zrnu kukuruza.

U datim uslovima ispitani izolati nisu biosintetisali ZEA. Za razliku
od wih kontrolna kultura F. graminearum GZ-LES pokazala se kao veoma dobar
producent fuzariotoksina — proizvodila je maksimalno 465.900 mg/kg DON-a,
odnosno 4.416 mg/kg ZEA.

Na biosintezu T-2 toksina u laboratorijskim uslovima u velikoj meri su
uticali uslovi kultivirawa. U veãini sluåajeva su kod izolata F. verticillioides
dobijeni veãi prinosi u podlozi sa glukozom (80—240 mg/L). Za razliku od kon-
trolnog soja F. sporotrichioides KF-38/1m koji je u istim uslovima biosinteti-
sao pored T-2 toksina (4.000 mg/L) i DAS (240 mg/L), izolati F. verticillioides sa
zrna kukuruza nisu ispoqili tu sposobnost.
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PRESENCE OF DEOXYNIVALENOL
IN MAIZE OF VOJVODINA

ABSTRACT: By applying previously established optimal conditions for the determi-
nation of deoxynivalenol (DON) by liquid chromatography with DAD detector, in this
work, its content was determined in maize samples collected during the past 3 years
(2004—2006) from different locations in Vojvodina. Analyzing 103 maize samples in total,
the presence of deoxynivalenol was established in 42.7% of the samples. Only 3 samples of
maize contained DON in concentrations that exceeded the maximum permitted level (1
mg/g) legislated in most countries.

KEY WORDS: deoxynivalenol, liquid chromatography, maize

INTRODUCTION

DON is the most widely spread mycotoxin from the trichotecene group,
produced by fungi from the genera Fusarium, most frequently Fusarium gra-
minearum and Fusarium culmorum. The most sensitive to the presence of the-
se fungi are wheat and maize, a disease of wheat caused by this fungus is
known as Fusarium head blight, while of corn, it is known as Gibberella ear
rot (JECFA, 2001). Infection of these cereals causes a decrease in the grain si-
ze and the protein content in the grain, and has harmful effect on germination.
The final result is a decrease in the yield and the feed quality. Its presence in
feed is manifested by rejection of feed, vomiting, diarrhea and finally, the
weight loss in livestock (K u i p e r - G o o d m a n, 2002). The most sensitive
to the presence of deoxynivalenol are pigs, hence already at concentrations of
1 mg/kg in feed a certain percentage of these animals refuse food. That is
exactly why this deoxynivalenol doses is the maximum permitted dose in feed
intended for this animal species in most countries worldwide.

The maximum permitted level of deoxynivalenol in feed for milk cows is
also 1 mg/kg, while the level considered to be permitted for cattle and sheep is
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5 mg/kg, although these species can tolerate levels above 10 mg/kg. The least
sensitive species to the presence of this mycotoxin in feed is poultry, although
the maximum permitted level of deoxynivalenol in this case is 5 mg/kg (Cana-
dian Grain Commission, 1999).

The maximum permitted levels for this mycotoxin, however, have not
been yet legally regulated in our country, either in foodstuffs or in feed.

Most frequently used for quantitative determination of DON are chroma-
tographic methods, i.e. liquid chromatography (LC) with or without derivatiza-
tion of DON, as well as gas chromatography with almost compulsory derivati-
zation, and somewhat less commonly used thin layer chromatography (TLC),
immunochemical method and others (JECFA, 2001; K r s k a, 2001; L o m -
b a e r t, 2002; J a j i ã, 2004). All quantitative methods for deoxynivalenol de-
termination (except immunochemical) require clean-up of crude sample extract
by solid phase extraction (SPE). To that purpose, columns with different sor-
bents are used: activated charcoal, alumina and celite (E p p l e y et al., 1986),
fluorisil (S a n o et al., 1987), silica-gel, ion exchange resins, as well as diffe-
rent combinations of the above sorbents (L a u r e n and G r e e n h a l g h,
1987). Lately, the most frequently used are multifunctional, so called MycoSep
columns (W e i n g a e r t n e r et al., 1997; M a t e o et al., 2001) and to some
extent less often immunoaffinity columns filled with antibodies specific for an
individual mycotoxin (C a h i l l et al., 1999).

In the study that encompassed the available data from the entire world,
performed by JECFA (2001), deoxynivalenol was found as a frequent conta-
minant of cereal grains such as wheat (11444 samples, 57% contaminated),
maize (5349 samples, 40% contaminated), oats (834 samples, 68% contamina-
ted), barley (1662 samples, 59% contaminated), rye (295 samples, 49% conta-
minated), and rice (154 samples, 27% contaminated).

The aim of this work was to determine the DON content in maize sam-
ples collected in Vojvodina by applying previously established optimal condi-
tions for DON determination by liquid chromatography with DAD detector
( A b r a m o v i ã et al., 2005). In addition, this paper attempted to compare
the data with those found in relevant literature about the incidence of this
mycotoxin in countries of our region.

MATERIAL AND METHODS

Materials

All solvents used for DON extraction from corn samples, as well as for
the mobile phase preparation were of LC grade. All chemicals used in the in-
vestigation were of reagent grade. Solutions were prepared in deionized water,
except when stated otherwise.

Deoxynivalenol calibrant solutions. Deoxynivalenol (Biopure, Tulln, Au-
stria) was purchased as an analytical standard. Calibrant solution was prepared
in ethyl acetate-methanol (19:1, v/v) at the concentration of 85.05 mg/cm3 from
crystalline substance, according to AOAC method 986.17. Stock solution con-
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taining DON at 17.01 mg/cm3 was prepared by measuring 2.00 cm3 calibrant
solution of DON into a 10 cm3 volumetric flask, and diluting to volume with
ethyl acetate-methanol (19:1, v/v). Working calibrant solutions were prepared
by evaporation of the appropriate volume of the stock solution and dilution
with the appropriate volume of methanol. Standard solutions were stored at 4°C.

Sample and preparation. Maize samples were collected during past 3
years (2004—2005) from different locations in Vojvodina. Immediately after
the sampling, each sample was prepared by grinding in a laboratory mill. After
that, the sample was homogenized by mixing. Sample prepared in such a way
was packed in plastic bags and stored in a freezer at –20°C until analysis. Pri-
or to each analysis, the samples were allowed to reach room temperature.

Apparatus

The equipment consisted of an LC system — HP1090 Liquid Chromato-
graph (Hewlett Packard, Palo Alto, CA, USA) with a DAD detector (Hewlett
Packard, Palo Alto, CA, USA) and a column Hypersil ODS (100 x 4.6 mm
i.d., particle size 5 mmm, Agilent Technologies, USA).

Activated charcoal-alumina-Celite-cation exchange resin (CACC) column.
The column was prepared in the following way: a plug of glass wool was in-
serted into the tapered end of a glass tube (9 cm x 1.5 cm i.d.); then 0.1 g of
Celite (545, Merck, Darmstadt), 1.5 g of activated charcoal (Darco G-60, Sig-
ma-Aldrich, Steinheim), alumina (70—230 mesh, Merck, Darmstadt), and Ce-
lite mixture (7:5:3) were added, loosely packed, and tapped to level. 2 g of ca-
tion exchange resin (0.3—0.9 mm, Kemika, Zagreb), prewashed with 10 cm3

of methanol, was added and lightly compacted above activated charcoal-alumi-
na-Celite by pushing down a second glass wool plug.

The following equipment was used to perform the analyses: magnetic
stirrer (MM-530, Tehtnica Ÿelezniki, Yugoslavia), sample evaporator (Rotava-
por-R, Buchl, Switzerland), 1.5 mm microfiber filters (110 mm i.d., Vicam,
Watertown, MA, USA), pipettes of different volumes (Eppendorf, Hamburg,
Germany), 5B Advantec filter paper (0.13 mg/circle, 125 mm i.d., Toyo Roshi
Kaisha, Ltd., Japan), and single position pump stand (Vicam, Watertown, MA,
USA).

Procedure

Principle. DON was extracted from maize with the mixture of acetonitrile
(ACN) — water. After filtration, the crude extract was cleaned-up on CACC
column. The cleaned-up extract was evaporated up to dryness, residue redissol-
ved in methanol and analyzed by liquid chromatography with DAD detection.

Extraction and clean-up. 25.0 g of the sample were extracted with 100
cm3 of ACN-water (84:16, v/v) and shaken on a magnetic stirrer for 60 minu-
tes. After filtration through Advantec filter paper, 6.0 cm3 of the extract were
applied to the prepared column. The column was then washed with 5 cm3 of
the solvent mixture comprising of ACN-water (84:16, v/v) at about 0.6 cm3/
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min. The cleaned-up extract was evaporated to dryness, dissolved in 3 cm3 of
ethyl acetate and quantitatively transferred to an evaporation vessel by triple
washing with 1.5 cm3 ethyl acetate. The eluate was evaporated up to dryness.

Liquid chromatography. The purified, evaporated residue was redissolved
in 300 ml methanol, and a 15 ml aliquot of the solution was injected into the
LC system at following chromatographic conditions: mobile phase, a mixture
of solvents ACN-water (16:84, v/v), l = 220 nm, flow rate 0.6 cm3/min. Cali-
bration curves used for quantitative determination were constructed on the ba-
sis of the area under the DON chromatographic peaks, using the working stan-
dard solutions.

RESULTS AND DISSCUSION

Samples of maize, collected over the period 2004—2006. in Vojvodina
were analyzed and the results are presented in Table 1. As it can be seen, the
DON content was above the LOQ in 50% maize of samples collected in 2004.
The number of samples from the 2005 harvest was much higher (76) and the
percentage of DON positive samples was 42.1%. During 2006, 17 samples
were collected and analyzed, and 41.2% was positive. Only 3 samples of mai-
ze contained DON in concentrations that exceeded the maximum permitted le-
vel (1 mg/g) legislated in most countries.

Tab. 1 — Content of DON in maize samples collected during 2004—2006

Year No. of
samples

No. of positive
samples (%)

Concentration in samples

Average
(mg kg—1)

Range
(mg kg—1)

2004 10 50.0 0.54 0.05—2.46
2005 76 42.1 0.36 0.045—2.21
2006 17 41.2 0.26 0.19—0.36

In case of maize, the infection of the ear most frequently takes place
through the tip of the ear, when the fungi penetrate through the silk in the
phase of maize flowering (S u t t o n, 1982). Exceptionally humid weather in
the period from silking to ripening, enables ear contamination (V i g i e r et
al., 1997). The ear is the most sensitive to contamination at the beginning of
silking, while this sensitivity lowers with silk aging (R e i d et al., 1992;
R e i d and H a m i l t o n 1996). The silking period in the climatic region of
Vojvodina and Serbia takes place within about 60 days from the moment of
plant sprouting (during the month of July and the first half of August).

According to the reports of the Republic Hydrometeorological Service of
Serbia (2004; 2005; 2006) the average monthly spring and summer temperatu-
res were somewhat higher (2004), i.e. around the average value (2005) in
comparison to the appropriate long-term average value (1971—2000). With re-
spect to humidity, the year 2004 was somewhat more humid than the appropri-
ate long-term average (1971—2000), while 2005 can be classified as “highly
humid" because of frequent rains, especially in the period July-August, which
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is, as it has already been said, the critical period for the development of fungi
in maize. In July 2006, the average daily temperature values were higher, with
deficit rainfall, while in August, it was colder and more humid than the appro-
priate long-term average (1971—2000), especially in the south of Vojvodina
and central Serbia.

Aforementioned data infers that favourable conditions for the growth of
F. graminearum and subsequent DON toxin production might have occurred,
especially in 2005. However, the similar results, regarding the contamination
with DON during 2004 and 2005, and in some cases, even higher contamina-
tion of the 2004 harvest (although the climatic conditions were somewhat less
favourable for the fungal growth), are most likely due to the fact that the sam-
ples were analyzed one year after storage in barns, which enabled further
mycotoxin production.

In the study, performed by JECFA (2001), deoxynivalenol was a frequent
contaminant of maize (5349 samples, 40% contaminated) in the concentration
range 3—3700 mg kg—1. The european study on the occurrence of Fusarium
toxins (EC, 2003) revealed that 57% of the samples of cereals from 11 coun-
tries (11022 samples) were positive for DON. A high frequency of DON was
found in maize (89%).

In the period between 1991 and 1998, R a f a i et al. (2000) investigated
maize (760) for the presence and concentration of DON in Hungarian cereals.
The incidence rate of DON in maize was 10.8%.

C u r t u i et al. (1998) analyzed samples of maize (30), collected in 1997
after the harvest in western Romania, by enzyme immunoassays. Frequency of
DON contamination was 46% (median value 890 mmg kg—1 and maximum
concentration 160.000 mmg kg—1). Climatic conditions prevailing in the sum-
mer months of 1997 were characterized by heavy rainfall before harvest.

As it can be seen, in respect to the obtained results of the incidence rate
of DON in analyzed samples, it can be said that they mostly fluctuate. Na-
mely, differing from the results for Hungarian maize samples (R a f a i et al.,
2000), in which low incidence rate of DON (10.8%) was observed, in Roma-
nian and our maize samples it is significantly higher (46 and 42.7%, respecti-
vely). Similar results, 40%, were presented in JECFA (2001), while the EC
(2003) reports a significantly higher contamination of maize, even 89%.

Such differences in contamination by DON in maize of the region are
most likely due to several factors. Data are not from the same years and im-
pact of the climatic factors, as it can be seen, is considerable. Some authors
like R a f a i et al., (2000), did not provide data about the climatic conditions
during the period of their research (1991—1998). Also, the limit of detection
or limit of quantitation of the analytical method used for DON determination
also influence the incidence rate of DON in maize. We believe that different
agrotechnical conditions among the countries of region are not important, be-
cause land treatments and growing crops are performed in similar manner.
This is particularly the case if comparisons are made in respect to the results
presented in the studies of JECFA (2001) and EC (2003).

In conclusion to the occurrence of the range of DON in maize in Vojvo-
dina and Serbia, on the basis of the foregoing discussion of our findings, with
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reference to data in relevant literature, it can be said that although the inciden-
ce rate of DON in Vojvodina-grown maize is occasionally considerable, the
position of the country is not worse than the average of the surrounding coun-
tries. Besides, the concentration range of DON is low or medium, while the
concentration was higher than the maximum level adopted by EC only in three
cases. By regulating the maximum permitted level of DON in feed and food in
Serbia, as well as by establishing monitoring programs the risk for the consu-
mer could be minimized.
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Rezime

Primewivawem prethodno utvrðene optimalne uslove za odreðivawe deok-
sinivalenola teånom hromatografijom sa DAD detektorom, u ovom radu je odre-
ðen wegov sadrÿaj u uzorcima kukuruza koji su tokom protekle 3 godine (2004—
2006) sakupqeni sa razliåitih lokaliteta u Vojvodini. Analizom ukupno 103
uzorka kukuruza utvrðena je prisutnost deoksinivalenola u 42,7% uz konstataci-
ju da je svega 3 uzorka imalo sadrÿaj iznad 1 mg/g, koliåine koja je maksimalno
dozvoqena u veãini zemaqa.
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ANTIGENIC CHARACTERISTICS AS TAXONOMIC
CRITERION OF DIFFERENTIATION OF ALTERNARIA SPP.,

PATHOGENIC FOR CARROT AND PARSLEY

ABSTRACT: Identification of Alternaria genus species is a very complicated process
which demands broadly designed investigations and studying of great number of properties
which together can be considered as satisfying taxonomic criteria. The main objective of
these investigations was examining the possibilities of applying the antigenic characteristics
of Alternaria spp. phytopathogenic fungi as a taxonomic criterion, as well as introducing
the serological methods for their identification. Conducting the examination of Alternaria
spp., pathogenic for Apiaceae plants in Serbia, several isolates were obtained and identified
as Alternaria radicina, A. petroselini, A. dauci and A. alternata, based on the conventional
mycological methods and host range, as well as on molecular detection and partial characte-
rization.

The investigation included 12 isolates from plant leaves, seeds and soil, which were
pathogenic mainly to carrot and parsley and were identified as A. radicina, A. petroselini,
A. dauci and A. alternate. Investigated isolates were compared with each other, as well as
with standard isolates for the mentioned species (a total of 5 isolates, originating from USA
and EU).

During the investigation of serological characteristics of Alternaria spp., firstly a
polyclonal antiserum was prepared against one isolate from Serbia, identified as A. dauci.
This antiserum was specific to Alternaria genus, while there was no reaction with antigens
from other phytopathogenic fungi genera (Fusarium, Rhizoctonia and Agaricus). Antiserum
titer, determined by slade agglutination test, was 1/32. Antigenic characteristics of Alterna-
ria genus fungi were examined by Electro-Blot-Immunoassay serological method (EBIA,
Western blot), i.e. their protein profiles were compared.

Investigated Alternaria spp. isolates showed different protein band profiles in gel and
on nitrocellulose paper, and the observed differences were in complete correlation with the
results of the previous identification. All investigated isolates, both domestic and the stan-
dards, were similar to each other, and they could be correctly identified to the species level
using EBIA. Besides grouping to the species level, antigenic characteristics indicated simi-
larities and differences among the isolates within the same and different species, showing
their complex relationships which properly reflect their diversity in nature.

In all the previous investigations of Alternaria genus fungi up to now, there have
been no data about their serological characteristics as possible taxonomic criteria. Intro-
duction of this group of characteristics represents an important contribution both to the
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taxonomy and implementation of fast and accurate methods of phytopathogenic fungi iden-
tification.

KEY WORDS: Alternaria spp., antigenic characteristics, EBIA, polyclonal antiserum,
taxonomic criterion

INTRODUCTION

Alternaria species are probably the most common fungi that mycologists
deal with in different scientific fields. There is a huge number of species na-
mes in literature which are, in fact, synonims for undetermined taxonomic ac-
curacy. That is the reason why it is so difficult even to collect any reliable da-
ta about how many species belong to this genus. It is estimated that this num-
ber varies from 100 up to several hundred species (R o t e m, 1994). Since they
are extremly variable and widely distributed, Alternaria spp. have been descri-
bed under different names and that is why their taxonomy, classification, and
systematics are very complex and mostly incompletely solved today (S i m -
m o n s, 1992, P r y o r and M i c h a i l i d e s, 2002). Diagnostic characteri-
stics of Alternaria genus include the formation of chains of dark-coloured,
multi-celled conidia with beaks of tapering apical cells. However, these cha-
racteristics are not common to all the species belonging to this genus, which
led to taxonomic confusion among researchers during the history of Alternaria
classification (R o t e m, 1994).

Because of the complex differentiation of particular species within this
genus, as well as the differences among particular isolates of the same species,
some authors have suggested and used different criteria for determination of
taxonomic relationships among the species (host range, cultural and morpholo-
gical properties, pigment and crystal formation, etc.). In this way, for example,
P r y o r and G i l b e r t s o n (2002) differentiated some isolates of A. radi-
cina and A. petroselini, which had been previously improperly classified as
undetermined nomenclature. The criteria which they used were the growth rate
on PDA, yellow crystal formation and host range.

According to R o t e m (1994), Alternaria spp. taxonomy is very com-
plex because of the variability of their morphological features, which are af-
fected by the environmental conditions and other factors. Whatever the nature
of these factors is that variability of Alternaria species has created a taxo-
nomic dilemma, and led to the description of some species which have never
been confirmed by other researchers. This situation confuses plant pathologists
who investigate physiology, epidemiology, or the possibilities of control mea-
sures, and expect from taxonomy the proper and correct identification of the
concerned organisms. Taking into consideration the possible influence of the
environmental conditions, R o t e m (1994) suggests that a researcher should
give his opinion only after examining a great number of isolates originating
from different localities. S i m m o n s (1992) states that taxonomy and classi-
fication of fungi from any genus, including genus Alternaria, have to, at least
at the beginning, undoubtedly match a species name with its constant morpho-
logical characteristics, as well as with its biology, pathogenicity, reproduction,
physiology and other properties.
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The main objective of this investigation was the comparison of chosen
Alternaria spp. isolates on the basis of their antigenic characteristics. The iso-
lates were obtained from tissue, soil and seed of host plants from Apiaceae fa-
mily, and their proper and precise identification and characterization had been
previously done up to the species level, using conventional and molecular de-
tection methods. Since serology has not until now been applied in Alternaria
genus investigations, the obtained results could contribute to a more precise
determination of the relationships and taxonomic status of Alternaria fungi,
pathogenic for hosts from Apiaceae family, as well as to the development of a
new group of methods which could be applied in routine detection and identi-
fication of fungi.

MATERIAL AND METHODS

Isolates. In the period 2004—06, the inventory of Alternaria spp. fungi
included diseased leaves and petioles, soil and seed of carrot, parsley and other
plants from Apiaceae family in Serbia. A total of 17 isolates were chosen for
the investigation, 12 of which from the Republic of Serbia (8 from seeds, 2
from plant tissue and 2 from soil), and 5 standard isolates originating from
USA (B. M. Pryor, University of California, Davis) and Europe (J. van Bilsen,
Bejo Zaden B. V., Warmenhuizen, Holland). On the basis of examination and
identification, using conventional methods and host range, as well as molecu-
lar detection and partial characterization, the obtained isolates were classified
as Alternaria radicina, A. petroselini, A. dauci and A. alternata (B u l a j i ã,
2007).

Antigen preparation. Antigens for rabbit immunization were prepared
from isolate 108 mycelium, originating from Serbia, which had been previo-
usly identified as A. dauci. Antigen was prepared according to the method of
A d a m s and B u t l e r (1979). The chosen isolate was first cultured on a so-
lid nutrient media for three times, and then on a liquid synthetic GNA. The
obtained mycelium was dried using vacuum pump, frozen at –18 to –20°C, or
–80°C and stored until usage. Amount of 8 g of frozen mycelium was homo-
genized in a pestle and mortar with 40 ml of 0,1 M Tris-HCl buffer pH 8,0
(1,211 g Trizma base, Sigma, Chemical Company, dissolved in 100 ml distil-
led water, and pH adjusted with concentrated HCl to pH 8,0). After 2 hours of
horizontal stirring, the obtained extract was centrifuged for 40 min at 11000
rpm in Eppendorf centrifuge (5804 R). Pellet was eliminated and supernatant
was used as an antigen for rabbit immunization.

Antiserum production. Antiserum was produced by rabbit immunization,
by daily intramuscular injecting of increasing volume of previously prepared
mycelium suspension, for 10 days. Total of 21,25 ml of isolate 108 mycelium
suspension was injected. After blood coagulation, the liquid phase was separa-
ted from clot, and it was used as antiserum in further investigation of Alterna-
ria spp. antigenic properties.

Determination of antiserum titer. Antiserum titer was determined using
serological method of agglutination on a glass slide. Antigen dilutions were
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prepared in 0,01M phosphate buffer pH 7,0 and antiserum dilutions in physio-
logical solution. Agglutination on a glass slide was carried out according to
N o o r d a m (1973) and K r s t i ã and T o š i ã (1994) method. Formation of
precipitates was observed in dark field (DF) using Olympus CX41 microscope
(magnification 100x).

Determination of antigenic characteristics. Alternaria spp. antigenic cha-
racteristics were investigated using Electro-Blot-Immunoassay serological me-
thod (EBIA, Western blot). For EBIA, fungi samples were prepared by adding
250 ml of loading buffer (L a e m m l i, 1970) into 500 ml of mycelium suspen-
sion prepared in the same way as for the antiserum production. Then, the sam-
ples were boiled in water bath for about 10 min, and after cooling stored, at
–20°C until usage. Electro-Blot-Immunoassay serological method (EBIA, West-
ern blot) was used for comparing the fungi isolates on the basis of their anti-
genic characteristics, as well as their protein profiles. This method (O ' D o n -
n e l l et al., 1982; R y b i c k i and V o n W e c h m a r, 1982) includes: anti-
gen electrophoresis in polyacrylamide gel, adsorption from the gel to nitrocel-
lulose paper, and immunoenzyme detection of antigen on NC paper. SDS
polyacrylamide gel electrophoresis was performed by using discontinuous gel,
5% for protein concentration, and 12,5% for protein separation. About 40 ml
of antigen sample was added per each slot of the gel. Electrophoresis was car-
ried out by Protean II xi Cell (Bio-Rad) vertical slab gel apparatus with cool-
ing. Components were conducted through the gel for protein concentration at
constant 30mA, and through the gel for protein separation at 50mA. After
electrophoresis had been completed, proteins were immediately adsorbed on
NC paper (Protran, Nitrocellulose Transfer Membrane, pore size 0,45 mm,
Whatman, Scheicher and Schuell, EU). Antigen adsorption was performed at
room temperature. NC paper was processed using immunosorbent method, ac-
cording to the catalogue manual No 170-6545 Bio-Rad, as O ' D o n n e l l et
al. (1982) had previously described, and S h u k l a et al. (1989) modified. In
the investigation of isolate antigenic characteristics, antiserum dilution was
1:250, and Anti-rabbit IgG peroxidase conjugate affinity isolated antibody de-
veloped in Goat (Sigma Immuno Chemicals) was diluted 1:2500 in skimmed
milk. Paper development was performed in the mixture of 50 ml TBS with 10
ml methanole solution of 20 mg 4-chloro-1-naphthol (Bio-Rad) and 30 ml 30%
hydrogen peroxide. Colour development was followed visually. The presence
of bluish-purple band was considered as a positive reaction, and its absence as
a negative reaction between antigen and antiserum.

RESULTS

Polyclonal antiserum was prepared against isolate 108 which, according
to the previously obtained results, belongs to species A. dauci. Antiserum was
prepared by rabbit intramuscular immunization with the total of 21,25 ml of
mycelium suspension. Antiserum, in dilution 1/1, reacted positively in slide
agglutination test with homologous antigen, i.e. with prepared antigen of isola-
te 108. In additional agglutination tests, negative reactions were observed with
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the following antigens: MLE isolate of double-nucleate Rhizoctonia AG-A
( V i c o, 1997), and Fusarium sp., both from the Collection of Department of
Plant Pathology, Faculty of Agriculture, Belgrade, and Agaricus sp. (Basidio-
mycotina) prepared from fresh carpophora. In this way it was confirmed that
antiserum shows specific reactions only with Alternaria species. According to
the obtained results, the antiserum titer was 1/32, while the antigen titer was
1/256 (Table 1). Reactions were visualized about 2h after mixing the anti-
serum with the antigen.

Tab. 1 — Determination of polyclonal antiserum titer, prepared against Alternaria isolate 108

Antigen
dillution

Dillution of polyclonal antiserum prepared against isolate 108

1/1 1/2 1/4 1/8 1/16 1/32 1/64 Kf

1/1 ++++a ++++ +++ ++ ++ + — —
1/2 ++++ ++++ +++ + ++ + — —
1/4 ++ +++ + ± ++ ± — —
1/8 ++ +++ ++ — — — — —
1/16 ++ +++ + — — — — —
1/32 +++ +++ ++ — — — — —
1/64 ++ + — — — — — —
1/128 ± + — — — — — —
1/256 ± — — — — — — —
1/512 — — — — — — — —
Kt — — — — — — — —

a — reaction intensity: — = negative reaction, ± = very weak reaction, + = weak reaction,
++ = medium reaction, +++ = strong reaction i ++++ = very strong reaction,
Kf = negative control, physiological solution, Kt = negative control, Tris-HCl buffer

Electro-Blot-Immunoassay serological method (EBIA, Western blot), ap-
plied in these investigations, made possible, to a considerable extent, the study
of antigenic characteristics and serological relationships of 12 domestic and 5
standard Alternaria spp. isolates. Figure 1 shows the presence of bluish-purple
bands, which indicates positive reactions between the antigen and the antise-
rum. It is clear that the prepared antiserum reacted with all Alternaria fungi
isolates, but not with Agaricus spp., which proves its specificity. The presence
and intensity of bands on NC paper were estimated visually, and the results
were summarized in Table 2.

According to the protein band profiles on NC paper, antigenic characteri-
stics of examined Alternaria spp. isolates indicate that they belong to four dif-
ferent species: A. radicina, A. petroselini, A. dauci and A. alternata. A. dauci
isolates (68-5, 94 and 108, as well as the standards) reacted by forming the
greatest number of bands (9—14, depending on the isolate), which was ex-
pected, considering that antiserum was prepared against isolate 108. These five
isolates can be clearly separated from the others by their protein band profiles.
It should be emphasized that studying the antigenic characteristics under the
given conditions revealed some additional differences among the isolates from
the same species. Therefore, besides great similarities, some differences were
also observed among some isolates within this compact group-species. The
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isolate 68-5 has protein bands 14 and 15, which are omitted in the other isola-
tes from this species. Only this isolate forms protein band 12 and shows some
similarity with isolate 13, identified as A. alternata. Among the all investiga-
ted, only these two isolates, 68-5 (A. dauci) and 13 (A. alternata), although
belonging to different species, form protein bands 14 and 15. Nevertheless,
isolate 13 (A. alternata) clearly differs from all the other isolates included in
the investigations, by omitting the protein band 6, which is common to all A.
dauci and A. radicina isolates, except for the isolate 68-1. The group of isola-
tes which belong to species A. radicina (68-1, 89, BMP 79 and NL1R), with a
few exceptions, showed smaller number of protein bands in profile, i.e. revea-
led differences between particular isolates. Thus, only isolate 68-1 does not
form band 6, which is present in all the others in this group, and does not
completely correspond to a common profile. The group of isolates belonging
to A. petroselini (69, 95, 106 and BMP 139) also exhibited great uniformity of
characteristics, but reacted with smaller number of bands, which were of
weaker intensity, compared to the other Alternaria spp. All the isolates from
this group formed five bands each, while variations within this group were not
observed under the investigations conditions.

BMP 155 and NL2D standards for A. dauci, 108, 94 i 68-5 (A. dauci),
Agaricus sp. (-) control, 13 (A. alternata), BMP79 and NL1R standards for A.
radicina, 89 i 68-1 (A. radicina), 106, 95 i 69 (A. petroselini) and BMP 139,
standard for A. petroselini
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Fig. 1 — Serological reaction of Alternaria spp. isolates using EBIA method



DISCUSSION

In comparison to other features, serological characteristics in mycology
are investigated and used less frequently. Nevertheless, there are examples of a
very successful application in distinguishing or diagnostics of particular plant
pathogenic species of fungi, even the categories lower than species level
( M o h a n, 1989; M a t h e w and B r o o k e r, 1991; B e n s o n, 1992; B o -
w e n et al., 1996; D e w e y and C o l e, 1996; H a h n and W e r r e s, 1996;
H e p p n e r and H e i t e f u s s, 1996; S t c h e r b a u k o v a and U m n o v,
1996; U e l i and W a l s h, 1996; S r i v a s t a v a and A r o r a, 1997; V i c o,
1997; W i l l i a m s and F i t t, 1999; K e s a r i et al., 2005). Antigenic cha-
racteristics of particular fungi have been successfully used even for detection of
the presence of some mycotoxins in different substrates (S z u r d o k i et al.,
1996). This experience shows that studying of phytopathogenic fungi serologi-
cal characteristics could lead to the development of very powerful and fast
methods for detection or diagnostics, which could be routinely used.

Serological features of Alternaria species have not been studied almost at
all. These fungi have drawn the greatest attention as powerful allergens, and
the greatest number of published papers is related to studying of their antige-
nic properties in human medicine (S c u m a c h e r et al., 1975; V i j a y et al.,
1997; B u s h et al., 1983; C h a n g et al., 1989; W e b e r, 2001). G u i -
l o n g (1995) studied the possibility of application of standard serological test
ELISA, which is routinely used in diagnosis of plant pathogen categories other
than fungi, for A. alternata, detection on tobacco seed. Antiserum used in his
investigation was highly specific to A. alternata and it did not react with fungi
from other genera, which is in complete accordance with the results obtained
in this investigation. Our results, obtained by using EBIA, showed the pre-
sence of bands in protein profiles, which could be specific for particular spe-
cies. Specificity of the produced antiserum, if necessary, could be improved
for diagnostic purposes. However, since the objective of this investigation was
comparison of taxonomic relationships among Alternaria isolates, the fact that
the produced antiserum reacted with all the examined isolates made the com-
parison of their protein profiles possible, so that their common or specific fea-
tures could be observed.

Study on the antigenic characteristics of the examined Alternaria isolates,
pathogenic for Apiaceae plant hosts, provided a new insight into their taxono-
mic relationships. Serology, as a taxonomic criterion, succeeded in grouping
the isolates based on the appearance of their protein profiles in the way which
completely corresponds to all other criteria, used in this investigation. Except
the grouping to an assumed species level, antigenic properties indicated both
similarities and differences among the isolates within the same and different
groups-species, revealing their extremely complex relationships which genui-
nely reflect the diversity of these fungi in nature.
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ANTIGENE OSOBINE KAO TAKSONOMSKI KRITERIJUM ZA
RAZLIKOVAWE ALTERNARIA SPP. PATOGENIH ZA MRKVU I PERŠUN

Bulajiã R. Aleksandra1, Dukiã D. Nataša1,
Ðekiã M. Ivana2, Krstiã B. Branka1

1 Poqoprivredni fakultet, Nemawina 6, 11070 Beograd—Zemun, Srbija
2 Stipendista Ministarstva nauke i zaštite ÿivotne sredine

Rezime

Identifikacija vrsta u okviru roda Alternaria je veoma sloÿen proces koji
zahteva široko postavqena ispitivawa i prouåavawe veãeg broja osobina koje
zajedno predstavqaju zadovoqavajuãe taksonomske kriterijume. Osnovni ciq ovog
rada je bio da se ispita moguãnost primene antigenih osobina fitopatogenih
gqiva iz roda Alternaria kao taksonomskog kriterijuma, kao i uvoðewe serolo-
ških metoda za wihovu identifikaciju. Prouåavajuãi gqive iz roda Alternaria
koje su patogene za gajene biqke iz fam. Apiaceae u našoj zemqi, dobijeno je vi-
še izolata koji su, na osnovu prouåavawa konvencionalnim metodama i kruga
domaãina, kao i molekularne detekcije i delimiåne karakterizacije, razvrsta-
ni u åetiri vrste: Alternaria radicina, A. petroselini, A. dauci i A. alternata.

U ispitivawa je bilo ukquåeno 12 izolata poreklom sa lista, semena ili
iz zemqe, koji su ispoqavali patogenost prvenstveno prema mrkvi i peršunu i
identifikovani da pripadaju vrstama A. radicina, A. petroselini, A. dauci i A. al-
ternata. Ispitivani izolati su meðusobno uporeðivani kao i sa standardima za
navedene vrste (ukupno 5 izolata, poreklom iz SAD i EU).

Prilikom ispitivawa seroloških osobina Alternaria spp., prvo je pripre-
mqen poliklonalni antiserum na izolat iz Srbije, koji je identifikovan kao
A. dauci. Antiserum je ispoqio specifiånost za rod Alternaria, dok nije reago-
vao sa antigenima iz drugih rodova fitopatogenih gqiva (Fusarium, Rhizoctonia,
Agaricus). Titar antiseruma, ispitivan metodom aglutinacije na ploåici, bio
je 1/32. Antigene osobine gqiva iz roda Alternaria prouåavane su primenom
elektroforetsko-adsorpciono-imunoenzimske serološke metode (EBIA, Western
blot), odnosno uporeðivani su wihovi proteinski profili.

Ispitivani izolati Alternaria spp. ispoqili su razliåite profile prote-
inskih traka u gelu i na nitroceluloznom papiru, a uoåene razlike su, u potpu-
nosti, odgovarale rezultatima prethodne identifikacije. Navedeni izolati,
domaãi kao i standardi, ispoqili su meðusobne sliånosti i mogli su biti
pravilno identifikovane do nivoa vrste, primenom EBIA. Pored grupisawa
do nivoa vrsta, antigene osobine su ukazale na postojawe sliånosti i razlika
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izmeðu izolata unutar istih, odnosno razliåitih vrsta, ukazujuãi na wihove ve-
oma sloÿene meðuodnose koji verno oslikavaju diverzitet postojawa ovih gqiva
u prirodi.

U dosadašwim prouåavawima gqiva iz roda Alternaria, ne postoje podaci
o wihovim serološkim osobinama kao moguãim taksonomskim kriterijumima.
Uvoðewe ove grupe osobina, predstavqa znaåajan doprinos kako u taksonomiji,
tako i u primeni brzih i taånih metoda identifikacije fitopatogenih gqiva.
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RESISTANCE OF SOME COMMERCIAL WINTER
WHEAT CULTIVARS TO TILLETIA TRITICI

ABSTRACT: This paper deals with the resistance of twenty commercial winter wheat
cultivars to common bunt causal agent (Tilletia tritici). Significant differences among the
cultivars concerning the infection percent were observed, as well as the differences in the
level of commercial cultivars' resistance to T. tritici. Most of the studied cultivars belonged
to susceptible categories, and just few of them to the resistant ones. Cultivar Lasta was
classified as highly resistant during the both investigation years in Kragujevac, while in Le-
posaviã Lasta and Tiha were classified as resistant. The other studied cultivars were more
or less susceptible.

KEY WORDS: wheat, Tilletia tritici, common bunt, resistance, cultivar

INTRODUCTION

One of the earliest known wheat diseases is bunt, which is caused by va-
rious fungi species from genus Tilletia. The first report about the appearance
of this disease in our country was published by R a n o j e v i ã (1912). Until
1960, it was very frequent and harmful disease in Serbia (K o s t i ã et al.,
1966), and in the early '90s of the last century this almost forgotten disease
massively appeared again (S t o j a n o v i ã et al., 1993, 1994; J e v t i ã et al.,
1997a, 1997b). Thanks to the intensive seed disinfection it appears rarely
( M a t i j e v i ã et al., 1994).

Among integral wheat protection measures against common bunt causal
agent, creation resistant cultivars of and their growing could be of importance
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(W i e s e, 1987). Thus, the aim of this research was to study the resistance of
some important commercial winter wheat cultivars to T. tritici and to point out
their importance.

MATERIAL AND METHODS

They studies were carried out in 2005 and 2006 at the experimental field
of the Institute for Small Grains in Kragujevac, as well as in 2006 at the loca-
tion Leposaviã (Kosmet). Resistance of twenty commercial winter wheat culti-
vars to T. tritici was investigated. Overdose method was used for inoculation
of hundred grains per each studied wheat cultivar, by application of dry tele-
utospores, after which excessive teleutospores were removed by sifting through
a sifter. This method ensured the presence of over 60 000 teleutospores on
each grain.

Sowing in Kragujevac was done on October 26, 2005 and October 15,
2006, and in Leposaviã on October 28, 2006. Inoculated seeds were sown in
consecutive rows, one cultivar per row. Row length was 1 m, and inter-row
distance was 25 cm. Common agrotechnical measures for wheat were applied
during the vegetation, and weed plants were destroyed mechanically.

In full ripening stage, spikes of the studied cultivars were cut off and
their health status was investigated in the laboratory. Total number of both
analysed and attacked spikes was evaluated.

A scale with values 0-IV was used for establishing the level of cultivars
resistance to T. tritici (K r i y c e n k o and M j a g k o v a, 1977):

0 — highly resistant cultivar (every spike healthy);
I — resistant cultivar (number of affected spikes up to 10%);
II — medium resistant cultivar (number of affected spikes from 11 to

25%);
III — medium susceptible cultivar (number of affected spikes from 26 to

50%);
IV — highly susceptible cultivar (number of affected spikes over 50%).

RESULTS

On the basis of the data presented in Table 1, one can see that the avera-
ge infection intensity in Kragujevac was 25.64% in 2005, and 70.62% in 2006,
while in Leposaviã it amounted to 51.06%. That points to better conditions for
infection during the autumn 2005, in regard to 2004. The highest infection in-
tensity in 2006 in Kragujevac was shown by susceptible cultivars Kraljevica
(92.21%) and Evropa (90.48%), and in Leposaviã by cultivar Evropa (95.71%).
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Tab. 1 — Resistance of some commercial winter wheat cultivars to Tilletia tritid

Cultivar

2005. 2006.

Kragujevac Kragujevac Leposaviã

I II III I II III I II III

Pobeda 86 11 12.79 82 72 87.80 26 17 65.38
Evropa 32 15 46.88 63 57 90.48 70 67 95.71
NS Rana 5 42 19 45.24 57 47 82.46 24 17 70.83
Lasta 31 0 0.00 63 0 0.00 49 4 8.16
Tiha 67 20 29.85 77 65 84.42 77 5 6.49
Balkan 56 8 14.29 78 60 76.92 66 39 59.09
KG-100 40 18 45.00 83 48 57.83 34 20 58.82
KG-56S 62 25 40.32 62 44 70.97 41 24 58.54
Vizija 18 4 22.22 69 43 62.32 56 32 57.14
Ana Morava 82 30 36.58 50 33 66.00 38 23 60.53
Kraljevica 59 20 33.90 77 71 92.21 9 4 44.44
Partizanka 24 1 4.17 61 39 63.93 70 41 58.57
Jugoslavija 44 11 25.00 93 69 74.19 17 5 29.41
Rodna 45 3 6.67 71 41 57.75 43 17 39.53
Kruna 45 17 37.78 83 71 85.54 97 70 72.16
PKB Krupna 31 7 22.58 83 63 75.90 36 22 61.11
Dejana 76 0 0.00 64 42 65.63 18 8 44.44
Danica 16 5 31.25 90 78 86.67 33 19 57.58
Toplica 75 26 34.67 99 65 65.66 27 8 29.63
Rana Niska 38 9 23.68 70 46 65.71 55 24 43.64

MEAN 25.64 70.62 51.06

I — number of analysed spikes; II — number of infected spikes; III — infection percent

The study results also point to the existence of significant differences in
the infection percent of various cultivars, as well as to the different resistance
level to T. tritici of the investigated commercial cultivars. Most of the studied
cultivars belonged to susceptible categories (III and IV), and just few of them
to the resistant ones (0, I and II).

Cultivar Lasta was the only one classified as highly resistant during the
both investigation years in Kragujevac. In 2005 cultivar Dejana was highly re-
sistant, cultivars Partizanka and Rodna belonged to the resistant category,
while medium resistance was shown by cultivars Pobeda, Balkan, Vizija, Jugo-
slavija, PKB Krupna, and Rana Niska. At Leposaviã location in 2006, only
cultivars Lasta and Tiha were classified as resistant.

DISCUSSION

The obtained results show significant differences among cultivars regar-
ding the infection percent, which points to their different resistance to T. tri-
tici. Cultivar Lasta was highly resistant during the both investigation years in
Kragujevac, as well as in Leposaviã. Resistance of this cultivar, similar to that
observed in this research, was pointed out in many previous reports (S t o j a -
n o v i ã et al., 1996, S t a l e t i ã et al., 2002, G u d ÿ i ã et al., 2006). Culti-

157



var Lasta has a satisfactory level of resistance to common bunt causal agent,
which could be of importance for its spreading in the production, or using in
the selection programmes as a gene donor. P e r e s i p k i n (1979) found that
the mycelium T. tritici relatively easily, penetrates into shoot tissue, but in the
heading stage it becomes disorganized in the resistant host cultivars, so most
of the spikes remain without any visual disease symptoms.

A high number of susceptible cultivars was expected, regarding the fact
that no organized selection for getting resistance to this pathogen was done in
our country, which points to the necessity of creating new cultivars that would
show, besides other positive production traits, a high resistance to T. tritici.
When talking about wheat protection from common bunt, one ought to have in
mind that this fungus has a large number of physiological races, each having a
different virulency . R o d e r h i s e r and H o l t o n (1937) reported the first
data about the existence of T. tritici physiological races. Virulency structure of
this pathogen is not known in our country.

Differences in the cultivar resistance level within years can be explained
by different conditions for infection development, but it need not mean that
this cultivar has factors of resistance (S t a l e t i ã et al., 2002). In order to
estimate active resistance of a cultivar, long term studies are neccessary.

Although an efficient wheat protection from common bunt can be achie-
ved by fungicide application, future selection programmes for creation and
growing resistant cultivars will enable a more efficient, ecologically clear, and
cost effective wheat protection.
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Rezime

U radu je prikazana otpornost dvadeset komercijalnih sorti pšenice pre-
ma prouzrokovaåu glavnice (Tillecia tritici). Utvrðeno je da postoje znaåajne raz-
like u procentu infekcije pojedinih sorata, kao i to da je otpornost komerci-
jalnih sorata pšenice prema T. tritici razliåita. Veãina ispitivanih sorata
pripadala je osetqivim, a mawi broj otpornim kategorijama. Vrlo otporna u
obe godine prouåavawa u Kragujevcu bila je sorta Lasta, a u lokalitetu Leposa-
viã u kategoriji otpornih bile su sorte Lasta i Tiha. Ostale prouåavane sorte
su bile mawe ili više osetqive.
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IDENTIFICATION OF RHIZOCTONIA SOLANI ISOLATES
FROM SUGAR BEET ROOTS BY ANALYSING THE

ITS REGION OF RIBOSOMAL DNA

ABSTRACT: Rhizoctonia solani (Kühn) is one of the most important sugar beet pat-
hogens. Rhizoctonia solani anastomosis groups (AGs) 2-2 and 4 are proven to be the most
common pathogenic strains on sugar beet. AG 2-2 (intraspecific groups IIIB and IV) can
cause root and crown rot while damping-off of seedlings is most frequently attributed to
AG 4. Four isolates of R. solani from sugar beet roots showing characteristic crown and ro-
ot rot symptoms, collected from different localities in Vojvodina Province, were chosen and
compared to the well-characterized R. solani isolate R9, AG 2-2 IV, from the USA. All
Vojvodinian isolates showed medium level of pathogenicity and were able to cause crown
and root rot symptoms on inoculated sugar beet roots. Based on anastomosis reaction, isola-
tes from Vojvodina did not belong to the AG 2-2 group. Sequencing of the ITS (internal
transcribed spacer) region of ribosomal DNA was performed on the Vojvodinian isolates
from R9 in order to determine their relatedness. Sequence analysis showed that these isola-
tes were different than R9 and were closely related (99—100% sequence homology) to ana-
stomosis group 4, subgroup HG II.

KEY WORDS: Sugar beet, Rhizoctonia solani, anastomosis group, ITS region, PCR

INTRODUCTION

Rhizoctonia solani Kühn, teleomorph Thanatephorus cucumeris (Frank)
Donk is a soilborne fungus with a worldwide distribution. In the USA more
than 24% of acres planted with sugar beet have an economic damage from this
pathogen, while in Europe only 5—10% of the planted area is considered to
have economic losses from this pathogen (J a c o b s e n, 2005). There are no
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data about economic damages of Rhizoctonia crown and root rot in Vojvodina
(J a s n i ã et al., 2006). However, this fungus was isolated from 0—18.2% of
beets showing root rot during the period from 2000 to 2005 (S t o j š i n et al.,
2006). This specy is highly heterogeneous and produces damping-off, root rot
and foliar blight symptoms on many plant species. Rhizoctonia is typically a
sterile fungal genus and has been characterized by division into binucleate and
multinucleate groups. Rhizoctonia solani is multinucleate and on the basis of
hyphal anastomosis between different isolates, it is divided into 14 anastomo-
sis groups: AG 1-13 and AG BI (C a r l i n g et al., 2002). Groups -1, -2, -3,
-4, -6, -7, -8 and -9 are additionally divided into subsets (intraspecific groups)
based on their morphological characteristics, frequency of hyphal fusion, viru-
lence, host range, nutritional requirements, biochemical characteristics, thia-
mine requirement, pectic isozymes, fatty acids and molecular characteristics
( C a r l i n g et al., 2002; G u i l l e m a u t et al., 2003). On sugar beet, this
fungus causes damping-off, root, and crown root as well as foliar blight of su-
gar beet. According to W i n d e l s and N a b b e n (1989) R. solani anasto-
mosis groups -1, -2-2, -4 and -5 can cause damping-off of sugar beet. Additio-
nally, AG 3 and AG 5 were isolated from sugar beet with symptoms of dark
discoloration on petiole basis (W i n d e l s et al., 1997). The causal agent of
Rhizoctonia crown and root rot of sugar beet is typically characterized as be-
longing to AG 2-2 with individual isolates being placed into intraspecific
groups IIIB and IV. Both of these intraspecific groups are found worldwide,
although AG 2-2 IIIB is more common on sugar beet in Europe in rotation
with maize (J a c o b s e n, 2005). Recently, besides the system of anastomosis
grouping of R. solani isolates based on hyphal fusion, different molecular
methods have been developed and proven to be very useful for analysis of the
evolutionary homology between isolates in the R. solani complex. Genetic he-
terogenicity between, and within anastomosis groups was evaluated by F e -
n i l l e et al., 2003, using sequence analysis of the internal transcribed spacer
(ITS) region of the ribosomal DNA. Comparison of the ITS region is signifi-
cant not only for the determination of anastomosis groups, but these sequences
are also useful for verifying subsets. Polymorphism between AGs was revealed
in the ITS1 and ITS2 sequences of ribosomal DNA, while 5.8s rDNA sequen-
ce is comletely conservative across all AGs (K u n i n a g a et al., 1997).

In this study, the ITS region of four R. solani isolates, which originated
from sugar beet root with typical symptoms of crown and root rot, was
analysed in order to determine sequence variations between the isolates, and to
identify the anastomosis group and subset of examined isolates.

MATERIALS AND METHODS

Four isolates of Rhizoctonia solani: RhKZ, RhBG, RhGL and RhVR
were isolated from the sugar beet plants with typical symptoms of Rhizoctonia
crown and root rot in Vojvodina Province. These isolates were pathogenic on
the susceptible sugar beet variety Delta (B u d a k o v et al., 2006), and caused
characteristic crown and root rot symptoms.
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Characterization of the isolates. Isolates were checked for number of
nuclei by staining mycelia with safranin-0 and observed microscopically at
400X (B a n d o n i, 1971). Anastomosis tests were performed using the met-
hod which was set up by L i u and S i n c l a i r (1991). Before microscopic
examination, samples were dyed with cotton blue in dilute lactophenol (P a r -
m e t e r et al., 1969). These isolates were tested for anastomosis with determi-
ned culture of Rhizoctonia solani, which was isolated from sugar beet in the
USA and belonged to AG 2-2 IV. Hyphae were checked in, at least, 15 micro-
scopic fields at a magnification of 400X, while anastomosis was rated at 600X
(V i c o, 1997). Examination of the reaction between hyphae was categorized
according to C a r l i n g (1996) — Table 1.

Tab. 1 — Categories of hyphal interaction in Rhizoctonia solani

Category Hyphal interaction

C0 No interaction
C1 Hyphal wall contact
C2 Hyphal wall and membrane fusion, death in fused and adjacent cells

C3 Hyphal wall and membrane fusion, no death in fused and adjacent cells
(perfect fusion)

DNA isolation. Prior to DNA extraction, R. solani isolates were cultured
on potato-dextrose agar (PDA, Difco Laboratories, Detroit, MI) at 25°C for
4—5 days. The mycelium was harvested by removing excess of the solid me-
dia using steril scalpel and then ground up in liquid nitrogen. DNA was
extracted from 100 mg of ground fungal tissue using the E.Z.N.A. Fungal
DNA Kit (Omega Bio-Tek Inc., Lilburn, GA, USA) and following the proto-
col recommended by the manufacturer.

PCR amplification. The ITS region of the rDNA was amplified using
ITS 1F and ITS 4 primers (Table 2). The PCR reaction was performed in 50
ml total volume consisting of 25 ml of PCR Master Mix (Promega Corporation,
Madison, WI, USA), 5 ml of MgCl2, 2 ml of each primer (concentration 10
pmol/ml), 2 ml of DNA template and 14 ml of PCR Grade water. The amplifi-
cation was performed in PCR thermal cycler (Whatman Biometra, Goettingen,
Germany). The cycle parameters were as follows: an initial denaturation at
95°C for 2 minutes, followed by 38 cycles consisting of denaturation at 95°C
for 1 minute, annealing at 55°C for 45 seconds, and extension at 72°C for 1
minute. Final extension was at 72°C for 5 minutes. Following the PCR reac-
tion, the amplified products were loaded in a 2% agarose gel stained with ethi-
dium-bromide, together with 100 bp DNA marker (Promega Corporation, Ma-
dison, WI, USA). Before loading, both samples and marker were dyed with
Blue/Orange 6X Loading Dye used for tracking migration during electrophore-
sis. Electrophoresis was run at 80 V for 2 hours. The DNA bands were visua-
lised using a AlphaImager 2200 Imaging System (Alpha Innotech Corporation,
San Leandro, CA).
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Tab. 2 — Primer ITS 1F and ITS 4 sequences, base count, molecular weight, melting temperature
and GC content

Sequence (5' to 3') Base
count

Molecular
weight

Melting
temperature

(°C)

GC
content

(%)

ITS 1F CTT GGT CAT TTA GAG
GAA GTA A 22 6813.32 56.60 36.37

ITS 4 TCC TCC GCT TAT TGA
TAT GC 20 6033.78 61.50 45.00

DNA sequencing. After the amplification of the ITS region of the rDNA,
each product was purified using the QIAquick PCR Purification Kit and proto-
col (Qiagen Inc., Valencia, CA, USA). The purified rDNA was shipped by
overnight mail to DNA Sequencing Facility at University of California, Ber-
keley where isolates were sequenced.

Data analysis. ITS sequence analysis was performed using on-line soft-
wares CLUSTAL W and BLAST via http://www.ncbi.nlm.nih.gov, www.bio-
servers.org. CLYSTAL W is a multiple sequence alignment program which
calculates the best match for the selected sequences, and lines them up so that
similarities and differences can be seen. The Basic Local Alignment Search
Tool (BLAST) finds regions of local similarity between sequences. The pro-
gram compares nucleotide sequences to the sequence databases and calculates
the statistical significance of the matches. BLAST can be used to infer functio-
nal and evolutionary relationships between sequences, as well as to identify
the members of the gene families. Sequence database from the National Center
for Biotechnology Information (NCBI), which was downloaded from
http://www.ncbi.nlm.nih.gov, was used for sequence information on selected
R. solani isolates (Table 3).

Tab. 3 — Rhizoctonia solani isolates whose ITS sequences were recovered from the GenBank
(National Center for Biotechnology Information — NCBI) and used for determining complemen-
tarity with tested Vojvodinian isolates RhKZ, RhBG, RhGL and RhVR

AG and subset Host and geographic origin GenBank accession number
of ITS sequence

AG 1-IA Oryza sativa, Japan AB000017
AG 1-IB Beta vulgaris, Japan AB000038
AG 1-IC Beta vulgaris, Japan AB000029
AG 2-1 Solanum tuberosum, USA AB000026
AG 2-2IIIB Beta vulgaris, USA AB054856
AG 2-2 IV Beta vulgaris, USA AB054859
AG 2-3 Glycine max, Japan U57740
AG 2-4 Zea mays, USA AB054878
AG 3 Beta vulgaris, USA AB019006
AG 3PT Solanum tuberosum, USA AB019013
AG 3TB Nicotiana tabacum, USA AB000001
AG 4 HGI Beta vulgaris, Japan AB000028
AG 4 HGII Beta vulgaris, Japan AB000033
AG 4 HGIII Beta vulgaris, USA AF354075
AG 5 Beta vulgaris, Japan AF153777
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AG 6 Pterostylis acuminata, Australia AF153784
AG 6GV Soil, Japan AF354101
AG 6HGI Soil, Japan AG153779
AG 7 Soil, Japan AB000003
AG 8 Triticum aestivum, Australia AB000011
AG 8ZGI-1 Soil, Australia AF153795
AG 8ZGI-2 Soil, Australia AF153797
AG 8ZGI-3 Hordeum vulgare, Australia AF354068
AG 8ZGI-4 Hordeum vulgare, Scotland AF354066
AG 9 Solanum tuberosum, USA AF354109
AG 9TX Solanum tuberosum, USA AB000037
AG 9TP Solanum tuberosum, USA AB000046
AG 10 Hordeum vulgare, Australia AF354071
AG 11 Glycine max, USA AF354114
AG 12 Pterostylis acuminata, Australia AF153803
AG BI Soil, Japan AB000044

RESULTS

Anastomosis reaction. Rhizoctonia solani isolates RhKZ, RhBG, RhGL
and RhVR were multinucleate and did not anastomose with a well-characte-
rized isolate R9, AG 2-2 IV, from the USA (Figure 1.b). However, isolates
RhKZ, RhBG, RhGL and RhVR anastomosed with each other (Figure 1.a) in-
dicating that they belonged to the same anastomosis group (Table 4).

Tab. 4 — Categories of hyphal interacton between all isolates

Isolate Rh KZ Rh GL Rh BG Rh VR Rh R9

Rh KZ C3 C3 C3 C3 C0
Rh GL C3 C3 C3 C0
Rh BG C3 C3 C0
Rh VR C3 C0
Rh R9 C3

165

Fig. 1 — a) Hyphal fusion between two Vojvodina isolates RhKZ and RhVR at 400X;
b) Contact between hyphae belonging to isolates RhR9 and RhGL at 400 X



Gel elecrophoresis. After PCR reaction, the presence of amplified pro-
ducts were tested by running an agarose gel in TAE buffer. DNA bands were
approximately 740—750 base pairs long (Figure 2).

rDNA sequence analysis. Sequencing of rDNA of isolates RhKZ, RhBG,
RhGL and RhVR showed that sizes of the ITS region varied from 713 to 716
base, pairs and their sequences were identical (100%) in the ITS region. Simi-
liarity of the ITS region of Vojvodinian isolates and the American isolate R9
(AG 2-2 IV) was 93%. The ITS sequences of 31 isolates of R. solani, which
belonged to AG 1-12 and AG BI were recovered from the GenBank (Table 4).
The comparison between sequences registered in GenBank and sequences of
Vojvodinian tested isolates showed that all isolates had sequence homology
between 90 and 100% with the referent isolates (Table 5). ITS sequences of
the tested isolates showed 100% complementarity with representative of ana-
stomosis group 4, intraspecific group HGII.

Tab. 5 — Sequence similarity between isolates RhKZ, RhBG, RhGL and RhVR and other AGs
isolates of Rhizoctonia solani

AG and subset
(GenBank)

ISOLATES

RhKZ RhBG RhGL RhVR

AG 1-IA 94% 94% 94% 94%
AG 1-IB 91% 91% 91% 91%
AG 1-IC 93% 93% 93% 93%
AG 2-1 94% 94% 94% 94%
AG 2-2IIIB 92% 92% 92% 92%
AG 2-2 IV 93% 93% 93% 93%
AG 2-3 93% 93% 93% 93%
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Fig. 2 — Amplification of DNA from Rhizoctonia solani isolates
RhKZ, RhBG, RhGL and RhVR with primers ITS 1F and

ITS 4 shows bands 740 base pairs long (line 1 — 100 bp marker,
line 2 — control, line 3 — RhKZ, line 4 — RhBG,

line 6 — RhGL and line 7 — RhVR)



AG 2-4 93% 93% 93% 93%
AG 3 93% 93% 93% 93%
AG 3PT 93% 93% 93% 93%
AG 3TB 95% 95% 95% 95%
AG 4 HG-I 96% 96% 96% 96%

AG 4 HG-II 100% 100% 100% 100%

AG 4 HG-III 91% 91% 91% 91%
AG 5 92% 92% 92% 92%
AG 6 94% 94% 94% 94%
AG 6-GV 95% 95% 95% 95%
AG 6HG-I 93% 93% 93% 93%
AG 7 95% 95% 95% 95%
AG 8 95% 95% 95% 95%
AG 8ZGI-1 95% 95% 95% 95%
AG 8ZGI-2 95% 95% 95% 95%
AG 8ZGI-3 95% 95% 95% 95%
AG 8ZGI-4 91% 91% 91% 91%
AG 9 94% 94% 94% 94%
AG 9TX 94% 94% 94% 94%
AG 9TP 94% 94% 94% 94%
AG 10 90% 90% 90% 90%
AG11 92% 92% 92% 92%
AG12 93% 93% 93% 93%
AG BI 94% 94% 94% 94%

DISCUSSION

The present study shows that ITS sequencing is a powerful tool in under-
standing and determinating the relationship between anastomosis groups and
subgroups of R. solani. Techniques which rely on molecular markers are very
important in understanding R. solani complex because they are more accurate,
easier and more rapid than conventional techniques for determining anastomo-
sis group. The aim of the research was to analyse the less conserved part of
the rDNA region, since it is proven that 5.8s rDNA sequence is completely
conserved across all AGs, whereas the ITS1 and ITS2 rDNA sequences show
significant differences between AGs (F e n i l l e et al., 2003). The sequence
homology in the ITS regions is above 96% for isolates of the same subgroup,
66—100% for isolates of different subgroups within an AG, and 55—96% for
isolates of different AG (K u n i n a g a, 1997). The four isolates from Vojvodi-
na Province which were isolated from sugar beet root with symptoms of
crown and root rot, were shown to belong to AG 4 HGII, with ITS sequence
homology with referent AG 4 HGII isolates of 100%. In general, AG 4 isola-
tes are known to be pathogenic on wide variety of hosts (K u n i n a g a, 1997),
among which is sugar beet (W i n d e l s and N a b b e n, 1989). AG 4 HG-II
is pathogenic on soybean seedlings, causing damping-off and hypocotyl rot
( F e n i l l e et al., 2000), on turfgrass (H s i a n g, 2000), coffee seedlings
( K u r a m a e et al., 2000), and sugar beet (S n e h et al., 1991; G o n z a l e z
et al., 2006). Besides sequencing of the ITS part of the rDNA, other molecular
biology techniques have been developed. For example, restriction fragment
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length polymorphism (RFLP) analysis of ITS region of rDNA was develo-
ped for a rapid and accurate analysis of large number of isolates of R. solani
( G u i l l e m a u t et al., 2003). RFLP analysis can be very fast and can be
carried out with 10 to 40 isolates simultaneously (B u r n s et al., 1991). Ano-
ther example is the use of random amplified polymorphic DNA-RAPD used
for detection of differences between Rhizoctonia solani AGs (D u n c u n et
al., 1993), then for determinating AG 3 and its subsets (J u s t e n s e n et al.,
2003; B o u n o u et al., 1999), and for identification of a uninucleate Rhizo-
ctonia sp. (L i l j a et al., 1996). Analysis of the ITS region of ribosomal DNA
has proven in this instance to be an excellent tool for the identification and de-
termination of R. solani, on the level of anastomosis group and subset. Since
conventional methods for assigning AGs, such as observation of hyphal ana-
stomosis, can be complicated, time-consuming and subjective, PCR assays pro-
vide a more accurate and rapid detection. This research shows the importance
of identifying the correct AG of R. solani associated with crown and root rot
of sugar beet, since the host range of AG 2-2 IIIB and IV are much different
than AG 4 (S n e h et al., 1991; W i n d e l s and N a b b e n, 1989). AG 2-2
has a reported host range that includes sugar beet, bean, soybean, corn, rice,
mat rush, turf grasses, ginger, gladiolus, burdock, chrysantemum, konjack and
chinese yam, whereas AG 4 has a host range that includes sugar beet, tomato,
pea, spinach, potato, slash and lobolly pine, and snap bean. These differences
can affect the recommended crop rotations used to control partially the crown
and root rot disease of sugarbeet. For example, potato would be a host for AG
4, but not AG 2-2.
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IDENTIFIKACIJA IZOLATA RHIZOCTONIA SOLANI SA KORENA
ŠEÃERNE REPE ANALIZOM ITS REGIONA RIBOZOMALNE DNK
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Rezime

Rhizoctonia solani (Kühn) je jedan od najvaÿnijih patogena šeãerne repe.
Poznato je da su anastomozne grupe (AG) 2-2 i 4 najpatogenije na šeãernoj repi.
AG 2-2 (intraspecifiåne grupe ¡¡¡B i ¡¢) mogu prouzrokovati truleÿ korena i
glave šeãerne repe, dok je paleÿ i propadawe klijanaca karakteristiåno za AG
4. Odabrana su åetiri izolata R. solani izolovanih sa korena šeãerne repe sa
karakteristiånim simptomima mrke truleÿi i koji su poreklom sa razliåitih
lokaliteta u Vojvodini. Ovi izolati su uporeðeni sa R. solani izolatom R9, AG
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2-2 ¡¢, poreklom iz SAD. Svi izolati poreklom iz Vojvodine su pokazali
sredwi nivo patogenosti i prouzrokovali simptome mrke truleÿi na inokuli-
sanom korenu šeãerne repe. Na osnovu reakcije anastomoze utvrðeno je da izo-
lati iz Vojvodine ne pripadaju AG 2-2. U ciqu utvrðivawa srodnosti izmeðu
izolata iz Vojvodine i SAD izvršeno je sekvencionirawe ITS (internal transcri-
bed spacer) regiona ribozomalne DNK. Utvrðeno je da su naši izolati drugaåiji
od R9, a da su bliski (homologija sekvenci 99—100%) izolatima iz anastomozne
grupe 4, podgrupe HG ¡¡.
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THE EFFECT OF NEPETA RTANJENSIS ESSENTIAL OIL
ON TEST MICROMYCETES MYCELIA GROWTH

ABSTRACT: The antifungal activity of Nepeta rtanjensis Dikliã et Milojeviã essen-
tial oil on mycelia growth has been performed by macrodilution method. The most efficient
impact of N. rtanjensis essential oil on mycelia growth in vitro was found in Alternaria

species with the same value of minimal inhibitory quantity (MIQ) of 0.6 ml/ml. Bipolaris

spicifera and Cladosporium cladosporoioides had MIQ values of 1.0 ml/ml whereas Tricho-

derma viride with MIQ value of 1.6 ml/ml showed the most efficient defense against the es-
sential oil examined. The values of minimal fungicidal quantity (MFQ) in Alternaria sp. 2,
B. spicifera and C. cladosporioides match the MIQ values, whereas MFQ values in Alterna-

ria sp.1 is 0.8 ml/ml, and in T. viride 1.8 ml/ml.
KEY WORDS: Antifungal activity, essential oil, micromycetes, Nepeta rtanjensis

INTRODUCTION

Nepeta rtanjensis (Lamiaceae) is an endemic and critically endangered
(CR B2c) aromatic plant which grows only on few localities on the Rtanj
mountain in southeastern of Serbia (D i k l i ã, 1999).

Nepeta species are widely used in folk medicine because of their medical
properties. The essential oil of N. rtanjensis possesses strong antibacterial ef-
fect against different strains of Staphylococcus aureus, even more stronger
than most synthetic antibiotics (S t o j a n o v i ã et al., 2005). The main com-
ponent of essential oil of N. rtanjensis is 4aa, 7a, 7ab nepetalactone. In wild
population of N. rtanjensis oil amount of 4aa, 7a, 7ab nepetalactone is 86.4%,
while in oil of cultivated plants this component is presented with 77.9%
( C h a l c h a r et al., 2000; S t o j a n o v i ã et al., 2005). It is well known
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that fungal infection can be a great threat to plant, animal and human health.
Medicinal plants are good source of natural products with strong antimicrobial
activities without any harmful effects. The use of natural antimicrobial com-
pounds is important in the control of human, animal and plant diseases of mi-
crobial origin.

The aim of our investigation was to evaluate the antifungal activity of N.
rtanjensis essential oil against mycelia growth of the selected fungi.

MATERIALS AND METHODS

N. rtanjensis was collected on the experimental fields of the Institute for
Biological Research “Siniša Stankoviã", Belgrade. The plants were rapid mi-
cropropagated in vitro, transferred to the Greenhouse for acclimatization, and
subsequently planted in an experimental field (M i š i ã et al. 2005). Herbal
material was deposited at the Herbarium of Institute of Botany and Botanical
Garden “Jevremovac", Faculty of Biology, Belgrade (16064 BEOU).

The essential oil was isolated from air-dried aerial part of N. rtanjensis
by hydrodistillation in a Clevenger type apparatus within two hours. Analyses
of this oil were performed by GC (-FID) and GC/MS on fused silica capillary
column PONA (crosslinked methyl silicone gum, 50 m x 0.2 mm, 0.5 mm film
thickness). For these purposes Hewlett-Packard, model 5890, series II gas
chromatograph, equipped with split-splitless injector, was used. Sample solu-
tion in ethanol (0.2%) was injected in split mode (1:100) at 250°C. Detector
temperature was 300°C (FID), while column temperature was linearly pro-
grammed from 40°—280°C, at a rate of 2°C/min. In the case of GC/MS
analysis, Hewlett-Packard, model 5971A MSD was used. The transfer line was
kept at 280°C. The identification of each individual compound was made by
comparison of their retention times with those of pure components, matching
mass spectral data with those from Wiley library of 138 000 MS spectra. For
library search PBM based software package was used.

Among the tested organisms were two groups of micromycetes: the auto-
chtonous species (Alternaria sp. 1 from leaves and Alternaria sp. 2 from seeds
of N. rtanjensis) and selected fungal species (Cladosporium cladosporioides,
Trichoderma viride and Bipolaris spicifera) from Mycotheca at the Depart-
ment of Algology, Mycology and Lichenology, Faculty of Biology, University
of Belgrade.

The fungi were maintained on malt agar (MA). The cultures were stored
at +4°C and subcultured once a month. In order to investigate the antifungal
activity of essential oil, the mycelial growth test with malt agar was used
( I s h i i, 1995). The minimum inhibitory quantity (MIQ) of oil necessary for
the inhibition of mycelial growth of the fungal strain was determined. Diffe-
rent concentrations of essential oil (0.6—1.4 mg/mL) were diluted in Petri
dishes with malt agar (MA). All fungal species were tested in triplicate. Essen-
tial oils were added into molten malt agar (MA) and poured into Petri dishes.
The tested fungi were inoculated at the centre of the plates. Plates were incu-
bated for three weeks at room temperature, and after this period MIQ and
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MFQ were determined. Petri plates with commercial fungicide, Quadris (0.6—
6.0 mg/mL), were used as a control.

RESULTS AND DISCUSSION

The analysis of chemical composition of essential oil showed the preva-
lence of 4aa, 7a, 7ab nepetalactone (79.89%). It was shown that the essential
oil isolated from N. rtanjensis has strong antifungal activity against all exami-
ned micromycetes (MIQ 0.6—1.6 mg/mL), (Table 1).

Tab. 1 — Minimal inhibitory quantity (MIQ) and minimal fungicidal quantity (MFQ) of the tested
micromycetes

Micromycetes MIQ (�l/ml) MFQ (�l/ml)

Alternaria sp. 1 0.6 0.8
Alternaria sp. 2 0.6 0.6

Bipolaris spicifera 1 1
Cladosporium cladosporioides 1 1

Trichoderma viride 1.6 1.8

The oil quantity in amount of 0.6—0.8 mg/mL inhibited the growth of Al-
ternaria species mycelia. The minimal inhibitory quantity of oil for C. clado-
sporioides and B. spicifera was 1.0 mg/mL. The highest MIQ (1.4 mg/mL) of
oil was against T. viride. The commercial fungicide, Quadris, showed lower
antifungal activity than Nepeta oil, with MIQ of 3.0—4.0 mg/mL. Quadris in-
hibited mycelial growth of C. cladosporioides, B. spicifera and Alternaria spe-
cies at 3.0—4.0 mg/mL. T. viride was also the most resistant fungi on Quadris,
with MIQ higher than 6.0 mg/mL.

In previous investigations of antifungal activity of different oils it can be
seen that A. alternata was more sensitive than T. viride (S o k o v i ã et al.,
2002). The strong resistance of T. viride was also observed in previous investi-
gations of essential oil antifungal activity. Analyses of antifungal activity of
some essential oils, Achillea atrata and Lauraceae plants, showed that T. viri-
de is the most resistant fungi (R i s t i ã et al., 2004; S i m i ã et al., 2004).

Our research proved that essential oil from N. rtanjensis has strong anti-
fungal activity, and that it can inhibit the growth of mycelia of some fungi.
The antifungal activity of essential oils isolated from other Nepeta species are
also reported. Iridodial b-monoenol acetate isolated from the essential oil of
Nepeta leucophyla, and actidine isolated from Nepeta clarkei, showed strong
antifungal activity. Iridodial b-monoenol acetate was the most effective against
Sclerotium rolfsii, while actidine was highly active against Macrophomina
phaseolina. Both fungi are soybean pathogens. The essential oil from Nepeta
hindostana has inhibitory effect on Pythium aphanillermatum, P. debaryanum
and Rhyzoctonia solani (S a x e n a et al., 1996).

Because of low mammalian toxicity and biodegradable abilities as well as
strong antimicrobial activity of essential oils, they can be used as bioagents
( O x e n h a m et al., 2005).
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Rezime

Makrodilucionom metodom testiran je uticaj etarskog uqa endemiåne biq-
ke Nepeta rtanjensis (Lamiaceae) na micelijalni rast mikromiceta: Alternaria sp.
1, Alternaria sp. 2, Bipolaris spicifera, Cladosporium cladosporioides i Trichoderma
viride. Hemijska analiza etarskog uqa N. rtanjensis pokazala je apsolutnu domina-
ciju 4aa, 7a, 7ab nepetalaktona (79.89%). Najefikasniji uticaj na rast micelije
in vitro zabeleÿen je kod vrsta roda Alternaria sa istom vrednošãu minimalne
inhibitorne koliåine (MIK) od 0.6 ml/ml. Bipolaris spicifera i Cladosporium cla-
dosporioides su imali MIK 1.0 ml/ml, dok je Trichoderma viride, sa vrednošãu
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MIK od 1.6 ml/ml, pokazala najveãu otpornost na dejstvo ispitivanog uqa. Vred-
nosti minimalne fungicidne koliåine (MFK) se kod Alternaria sp. 2 (0.6 ml/
ml), B. spicifera (1.0 ml/ml) i C. cladosporioides (1.0 ml/ml) poklapaju sa vrednosti-
ma MIK, dok je kod Alternaria sp. 1 MFK 0.8 ml/ml a kod T. viride 1.8 ml/ml. Etar-
sko uqe N. rtanjensis pokazalo je jako antifungalno dejstvo na rast micelije te-
stiranih mikromiceta.

177





Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci., Matica Srpska Novi Sad,
¥ 113, 179—191, 2007

UDC 631.461

D r a g u t i n A. Ð u k i ã1 , L e k a G. M a n d i ã1 ,
V e s n a S u m a n o v2 , S v e t l a n a R a k e t i c2

1 Faculty of Agronomy, Cara Dušana 34, 32000 Åaåak, Serbia
2 Health Centre, Åaåak, Dragiše Mišoviãa bb, 32000 Åaåak, Serbia

ANTHROPOGENIC EFFECTS ON SOIL
MICROMYCETES

ABSTRACT: This paper is a synthesis of long-term investigations based on the effect
of different authropogenic pollutants (mineral and organic fertilisers, heavy metals, contami-
nated irrigation water, nitrification inhibitor and detergents) on the dynamics of soil fungi
number.

The investigations were performed at the Microbiology Department and trial fields of
the Faculty of Agronomy in Cacak on smonitza and alluvium soils in field and under green-
house conditions. Maize, wheat, barley and red clover were used as test plants in these stu-
dies. The quantitative composition of the fungi in the soils investigated was determined by
the Czapek selective agar dilution method.

The study results show that the number of soil fungi was dependent on the type and
rate of agrochemicals used, on the growing season, and the soil zone the samples were ta-
ken from for the analysis. Lower nitrogen fertiliser rates (80 and 120 kg � ha—1) and orga-
nic fertilisers stimulated the development of soil fungi, unlike the rate of 150 kg � ha—1.
Heavy metals, mercury and cadmium in particular, as well as high rates of the N-serve ni-
trification inhibitor, inhibited the development of this group of soil microorganisms. Gene-
rally, the adverse effect of contaminated irrigation water on the soil fungi was recorded in
both soil types, and particularly in the smonitza under red clover. Low detergent (Meril)
concentrations did not have any significant effect on this group of microorganisms.

In this respect, it can be concluded that the soil fungi number dynamics can be used
in monitoring soils polluted by different toxinogenic substances.

KEY WORDS: contaminated irrigation water, detergents, fungi, heavy metals, mine-
ral fertilisers, nitrification inhibitor, organic fertilisers

INTRODUCTION

One of the greatest scientific contributions made by Evgenii Nikolaevich
Mishustin is a study and description of environmental-geographic distribution
of soil microorganisms (M i s h u s t i n, 1966; M i s h u s t i n, Y e m t s e v,
1978). The results of these studies have been cited ever since in all textbooks
on soil and applied microbiology throughout the world and are considered ba-
sal (A t l a s, B a r t h a, 1992). The environmental-geographic distribution of
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microscopic soil fungi was investigated in great detail in soils of different na-
tural zones of former USSR and described in works by Mircink (M i r c i n k et
al., 1981; M i r c i n k, 1988). As showed by these investigations, irrespective
of the fact that the nominal composition of isolated fungi species in different
soils can be fairly similar, fungal groups with a specific species structure (ratio
of predominant, typical, rare and accidental species) are nevertheless created in
concrete non-disturbed zonal soils. This thesis has been confirmed in nume-
rous works by other authors (B a b j e v, S i z o v, 1983; Y e g o r o v, 1986;
V e l i k a n o v, 1997 and others).

The overall development of biocenological researches in the seventies of
the last century discovered the specificity of the soil fungi complex, not only
from the biogeographic point of view, but also for specific zonal biotopes. It
was determined that soil fungi formed typical complexes in zonal soils under
specific plant communities, geographically very distant — the European part
of Russia, Canada, the north of the USA (M i r c i n k, 1988; C h r y s t e n s e n,
1969, 1989).

The last decades of the XX century were characterised by increased di-
versity and intensity of anthropogenic factors in the biosphere, due to which
occurred a change in the structure and function of terrestrial and aquatic com-
munities of organisms (M i l l e r, 1990). Whereas these disturbances related to
animals and plants were convincingly described as early as in the 60s—70s of
the last century (O d u m, 1986), the communities of soil microorganisms, on
the other hand, were long considered to be more resistant to anthropogenic
factors. These issues, related to the complexes of soil microorganisms, became
more intensified due to methodical problems with isolating microorganisms
from soils and difficulties in identifying them at the species level.

The aim of our long-term investigations (1990—2006) was to determine
whether the effect of different anthropogenic factors (mineral and organic ferti-
lisers, heavy metals, nitrification inhibitors, detergents, contaminated irrigation
water) could bring about a change in the quantitative composition of fungi,
and whether there was a possibility of mycological indication of the effect of
any specific anthropogenic factor.

MATERIAL AND METHODS

The investigations were conducted at the Microbiology Department and
trial fields of the Faculty of Agronomy in Åaåak. Field, laboratory and mathe-
matical-statistical research methods were used in the study. Indication of the
anthropogenic effects of mineral fertilisers, heavy metals, contaminated irriga-
tion waters, nitrification inhibitors and detergents on the number of soil fungi
was performed on smonitza and alluvium soils under field and greenhouse
conditions. Maize, wheat, barley and red clover were used as test plants in the-
se investigations. The quantitative fungi composition in the soils investigated
was determined by the dilution method on the Czapek selective substratum by
culturing 10—5 soil dilution. Following a seven-day incubation, their average
number was determined and calculated per gram of absolutely dry soil.
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The obtained results were assessed by the analysis of variance method,
and the statistical significance of individual and interactive media was determi-
ned by the Lsd test.

RESULTS AND DISCUSSION

It was determined that a decrease in the qualitative diversity of natural
ecosystems could be one of the most important consequences of the anthropo-
genic effect on them, which was confirmed several times via different plant
and animal communities (B i g o n et al., 1989). The results of our investigati-
ons showed that the anthropogenic factors affected the quantitative fungi com-
position in different soil types and under different crops (Ð u k i ã, M a n d i ã,
1997; M a n d i ã et al., 2004; M a n d i ã et al., 2005a, b; Ð u k i ã et al.,
2006).

For most microscopic soil fungi, the distribution range is wide, hence the
isolation of stenotopic species is made very difficult. The most illustrative
example of such species is Mortierella ramanniana, known as a species typi-
cal for non-disturbed podzolic zonal soils (M i r c i n k, 1988). Under the effect
of a number of anthropogenic factors (pollution with heavy metals, recreation
and pasture plant cover degression etc.) the number of this species is decreased
(M a r f e n i n a, 1985, 1997; M a r f e n i n a, P o p o v a, 1989; J e m t s e v,
Ð u k i ã, 2000), the fungal complex “loses" shape, characteristic of a specific
zonal soil type, and the frequency of its distribution is reduced (Tab. 1). Spe-
cial experiments have determined that under conditions of anthropogenic dis-
turbances the maturation of sporangia and spores in them does not occur
( M a r f e n i n a, L u k i n a, 1989).

Tab. 1 — The change in the distribution frequence of the Mortierella ramanniana species in dif-
ferent soils under anthropogenic effects

Soil Type of effect
Distribution frequency, %

Control Trial

Podzol Recreation degression 65* 10

Turfy-podzolic
cultivated

Long-term NPK fertilisation
Liming
Pollution with Cd, 100 mg/kg

70*
70*

100*

40
20
—

Turfy-podzolic
uncultivated

Recreation degression
Transport-associated pollution

60*
40*

10
—

Brown forest soil Pasture degression
Recreation degression

80*
40*

20
—

* Reliable differences with probability > 0.95

In anthropogenically disrupted soils, far more transparent are resistant
fungi species which are often simultaneously resistant to several anthropogenic
effects, which are preserved in the soils and begin to predominate in them
(Tab. 2). They are, generally, eurytopic species with a wide distribution range
(D o m s h et al., 1992) and a high sporogenesis level.
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It is a known fact that one of the aspects of the natural zonal diversity
loss is “trivialisation" of the flora and fauna, i.e. an increase in the density of
the so-called “weed" species in communities (B i g o n et al., 1989). These
tendencies can be manifested not only in higher organisms, but also in soil
fungi. Table 2 lists soil fungi and their qualitative composition in the soil
which is increased under the effect of certain anthropogenic factors. It should
be particularly emphasised that all these species are eurytopic.

Tab. 2 — Microscopic soil fungi species resistant to different types of anthropogenic effects

Type of effect Resistant species

Acid precipitations Penicillium spinulosum

Heavy metals: Lead

Cadmium

Mucor hiemalis
Penicillium funiculosum
Aspergillus niger
Paecilomyces lilacinus
Penicillium funiculosum

Transport-associated pollution Aspergillus fumigatus
Aspergillus niger
Dark-coloured fungi:
Aureobasidium pullulans
Cladosporium cladosporioides
Alternaria alternata

Urbanisation Aspergillus fumigatus
Aspergillus flavus
Aspergillus niger
Fusarium oxysporum
Fusarium moniliforme
Paecilomyces variotii
Penicillium vulpinum

Recreation soil degression Dark-coloured fungi:
Ulocladium botrytis
Cladosporium cladosporioides

Livestock grazing Aspergillus flavus

Long-term nitrogen fertilisation Penicillium funiculosum

Liming Dark-coloured fungi:
Alternaria alternata
Cladosporium cladosporioides

Bearing in mind that fertilisation is one of the most important meliorative
measures in modern production of agricultural crops, it can be also considered
as a serious anthropogenic attack on soil microorganisms.

Soil fungi, as an important indicator of soil biogenity, can be used,
among others, as indicators of the economic justification of using different
types of fertilisers, particularly their higher rates. An increase in the number of
this group of microorganisms, under the effect of nitrogen fertilisers, can be
considered positive within certain limits. However, their excessive activation
can be also harmful, because the processes focused on establishing the distur-
bed equilibrium lead to a mineral fertiliser loss, degradation of the soil physi-
co-chemical and biological characteristics and other serious environmental
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consequences (K n o w l e s, 1982). For instance, according to the data by
Ð u k i ã (1992) and M i l o š e v i ã et al. (1993), the long-term use of nitro-
gen fertilisers leads to a change in the structure of soil microorganism com-
plexes and to an increase in the number of phytopathogenic microorganisms,
particularly when the monoculture cropping system is used.

According to our long-term investigations (Ð u k i ã, M a n d i ã, 1997;
Ð u k i ã, M a n d i ã, 2001; M a n d i ã, Ð u k i ã, 2004), the number of soil
fungi depended not only on the species and fertilisation concentrations used,
but also on the soil zones the samples for analysis were taken from and on the
crop growing period, as well as on their interactive effects (Tab. 3).

In general, the most pronounced stimulatory effect on soil fungi is produ-
ced by organic fertilisers, solid manure in particular, which may result from an
increase in the organic matter amount in the soil, as well as from an improve-
ment in the soil water-air relationship and nutrient regime (J a r a k et al.,
1991).

High nitrogen rates (N3-150 kg � ha—1) have a destimulatory effect on
this group of microorganisms, particularly in initial vegetative phases (Tab. 3),
whereas lower rates (N1-80 kg � ha—1 and N2-120 kg � ha—1) statistically sti-
mulate highly significantly the development of soil fungi.

Given that metabolites of plant and microbiological origin are important
regulators of biological value of the soil (G o v e d a r i c a and J a r a k, 1995),
the significantly higher number of soil fungi in the rhizosphere soil, compared
to that in the edaphosphere soil, is a completely expected occurrence.

A decline in the number of soil fungi in final phases of maize develop-
ment is a consequence of an increase in the amount of precipitations in these
phases, which in the soil with high clay amount creates unfavourable condi-
tions for the development of all aerobic groups of microorganisms (D e r k a -
å e v and B a l o g, 1979).

Tab. 3 — Numbers of fungi (105 g—1 dry soil) in the soil under maize as affected by the fertili-
sers applied (A), sampling zone (B) and vegetation period (C) — M a n d i ã et al., 2004

A Control N1 N2 N3
Solid

manure
Liquid
manure X

B Ed. Rh. Ed. Rh. Ed. Rh. Ed. Rh. Ed. Rh. Ed. Rh.

Periods
(C)

I 18.0 27.0 38.3 39.0 30.0 40.3 12.6 15.3 25.0 34.0 24.3 30.6 28.28
II 31.3 45.3 33.3 39.3 41.3 40.0 21.0 30.3 50.3 91.3 37.0 44.6 42.19
III 7.3 8.6 19.3 21.7 27.0 29.6 11.3 21.0 11.3 15.3 7.0 8.6 15.14

X 22.94 31.83 34.72 18.61 37.88 25.38

X
Edaphosphere 25.19

Rhizosphere 31.88

Lsd A B C A × B A × C B × C A × B × C

0.05 2.18 1.17 1.44 3.11 3.80 2.04 5.38
0.01 2.88 1.55 1.91 4.11 5.03 2.69 7.13

Ed. — Edaphosphere; Rh. — Rhizosphere
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Heavy metals also significantly affect the number, species composition
and viability of soil fungi (D u x b u r y, 1985, Ð u k i ã et al., 1999; Ð u k i ã,
M a n d i ã, 2000 a, b). They inhibit the processes of mineralisation and synthe-
sis of different substances in the soil, suppress soil fungi respiration, cause a
fungistatic effect and the like (S k v o r c o v a et al., 1980).

At increased concentrations, most heavy metals reduce the number of soil
fungi (Tab. 4). In laboratory examination conditions, in this respect, a particu-
larly inhibitory effect is exhibited by lead and cadmium (Ð u k i ã, M a n d i ã,
2006). However, it should be pointed out that concentrations of heavy metals,
which undoubtedly inhibit the activity of soil fungi, differ significantly under
laboratory and field conditions, so that a minimum reliable reaction under field
conditions is evident at metal concentrations 10—50 times higher than the ba-
sal ones (D u x b u r y, 1985).

Tab. 4 — Effect of diverse concentrations of Pb, Cu, Cd, Hg on the number of fungi (105/1g ab-
solutely dry soil) Ð u k i ã et al., 1996

Heavy metals Concentrations Number of fungi

Control 18.0

Pb
6.25 mg · l–1 12.0
0.625 mg · l–1 13.3
0.125 mg · l–1 13.6

Cu
6.00 mg · l–1 10.0
0.60 mg · l–1 16.3
0.160 mg · l–1 16.6

Cd
2.70 mg · l–1 6.3
0.27 mg · l–1 11.6
0.027 mg · l–1 12.0

Hg
2.220 mg · l–1 1.1
0.220 mg · l–1 6.6
0.022 mg · l–1 11.0

The nitrification inhibitor effect on soil fungi depends on the inhibitor
species and concentration, time of application, soil type and its characteristics,
as well as on environmental factors determining the direction, rate, speed and
products of microbiological transformation (K a n i v e c and K i s e l j, 1978;
S m i r n o v et al., 1981; G r a c e v a, 1982; M u r a v i n et al. 1985; M a n -
d i ã, Ð u k i ã, 1997).

Our investigations (Ð u k i ã, M a n d i ã, 1999) indicated that the number
of soil fungi depended not only on the used inhibitor type (N-serve), but also
on the soil type and the crop cultivated. A continual decline in their number,
under the effect of the used inhibitor, was more pronounced in the soil under
barley than in that under wheat (Graph. 1).

The use of polluted waters for irrigation and waste waters for soil fertili-
sation as well, due to the range of pollution of most watercourses, has a num-
ber of advantages, but also the shortcomings. The former include soil amend-
ment and increase in the activities of microorganisms, increase in soil capacity
to bind water and biological soil activation. The shortcomings of using pollu-
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ted waters are as follows: the risk of the presence of heavy metals, toxins and
pathogenic bacteria, and the unproportional percentage of nutritive substances
(as a rule, K supplements are necessary), certain nutrients can be found in un-
soluble form, heavy metal ions and sulphuric compounds lead to a change in
soil microbial cenosis (Y e v d o k i m o v a, M o z g o v a, 1976; M a n d i ã et
al., 1994; Ð u k i ã, M a n d i ã, 1996) etc. Waste water irrigation has an
adverse effect on the organic matter evolution on surface soil horizons, being
exhibited in a low organic matter humification degree, and a proportionally
lower content of highly polymerised humic acids (K o n e c k a - B e t l e y and
Z e b r o w s k i, 1978) and therefore its biological value.

The investigations by Ð u k i ã et al. (1999) indicate that soil fungi can
be used as a parameter for evaluating the quality of waters to be used for irri-
gating agricultural crops.

Tab. 5 — An overview of physico-chemical characteristics of the water used for irrigating agri-
cultural crops (Ð u k i ã et al., 1999)

Indicators Value registered Indicators Value registered

pH 7.34 Ca 96.18 mg · dm–3

NH3 0.156 mg · dm–3 Mg 14.59 mg · dm–3

NO3 66.00 mg · dm–3 Mn 0.00 mg · dm–3

NO2 0.775 mg · dm–3 Cu 0.0008 mg · dm–3

KMnO4 340.00 mg · dm–3 Zn 0.03 mg · dm–3

O2 1.42 mg · dm–3 Pb 0.031 mg · dm–3

BPK5 3.57 mg · dm–3 As 0.008 mg · dm–3

HPK 2.99 mg · dm–3 Ni 0.028 mg · dm–3

Suspended matter 556.00 mg · dm–3 Hg 0.0018 mg · dm–3

Total hardness 18.05 mg · dm–3 Cr6+ 0.030 mg · dm–3

Chlorides 1.37 mg · dm–3 Cr (total) 0.042 mg · dm–3

Sulfates 71.70 mg · dm–3 Phenols 0.002 mg · dm–3

Phosphates 0.314 mg · dm–3 Detergents 0.090 mg · dm–3

Fe 0.525 mg · dm–3 Mineral oils 0.170 ml · dm–3

The water used for irrigating the agricultural crops selected (Tab. 5) was
loaded with different pollutants including primarily different agents entering it
through industrial and municipal waste waters. Low O2 concentration (1.42%)
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and values of BPK5 (3.57 mg � dm—3), NO2 (0.775 mg � dm—3), NO3 (65 mg
� dm—3), NH3 (0.156 mg � dm—3), PO4 (0.314 mg � dm—3), KMnO4 consump-
tion (340 mg � dm—3) and pH above 7 (7.34) indicated that intensive organic
matter decay processes were under way. Of the toxic substances, the following
were registered: phenols (0.002 mg � dm—3), mineral oils (0.17 ml � dm—3),
detergents (0.09 ml � dm—3), Pb (0.031 mg � dm—3), As (0.008 mg � dm—3),
Ni (0.028 mg � dm—3) etc.

Generally, the irrigation water had an adverse effect on soil fungi in both
soil types, and particularly on the smonitza under red clover (Tab. 6). During
the growing season, a rise in the fungi number was observed, which was espe-
cially noticable towards the end of the growing season, which was due to mi-
crobiological inactivation of toxicants from the irrigation water, improvement
of soil structure and balancing of the water-air relationship (U h r e c k y,
Z v a n o v e c, 1956). Absolute fungi number values were higher in the smo-
nitza under all three crops.

Tab. 6 — The effect of polluted irrigation water on the number of soil fungi (10—5) — Ð u k i ã
et al., 1999

Sampling
phases

ALLUVIUM SMONITZA

Wheat Barley Clover Wheat Barley Clover

� trial � trial � trial � trial � trial � trial

I 14 12 10 6 20 12 14 13 12 13 22 16
II 14 16 16 30 28 38 24 36 40 40 74 42
III 46 38 84 74 136 100 72 51 51 74 150 144

X
74 66 120 110 184 150 110 100 103 127 242 202

70.00 115.00 165.00 105.00 115.00 222.00

The uncontrolled discharge of detergents into water and arable soil can
cause reduced biological production of these ecosystems, leading to adverse
consequences, both environmental and economic ones. Soil fungi, in this re-
spect, can affect, up to a certain limit, their biodegradation, converting them
into less toxic or often energetically important nutrient sources (S t o j a n o -
v i ã et al., 1990). Basically, increased detergent concentrations or their accu-
mulation in the soil (G o n c a r u k and S i d o r e n k o, 1986) bring about a
rapid decline in the number of these microorganisms, and so an analysis of the
chemical compound load limits in the soil would provide a far more realistic
picture in the neochemistry-effluents-soil system.

Based on our laboratory investigations (M a n d i ã et al., 2006), it can be
concluded that the number of soil fungi had a high correlation with the con-
centration of the detergent introduced (Graph. 2). As a matter of fact, low con-
centrations of detergents evidently did not have any significant effect on this
group of microorganisms. This particularly referred to low (0.001%), and even
tenfold detergent rates (0.01%), the effect of which was mildly stimulatory or
at the control variant level. This is associated with a familiar trait of soil fungi
having strongly developed enzymic system (S t o j a n o v i ã et al., 1995) secu-
ring them the capacity to degrade and intoxicate different xenobiotics in the
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soil, as well as clear adaptability to live even under the conditions of increased
concentrations of not only detergents, but also pesticides, heavy metals, mine-
ral fertilisers etc. (U m a r o v, 1980). As opposed to the mentioned, higher
concentrations of the detergent (0.1 and 1%), despite the soil fungi features
mentioned, caused a significant fungicidal effect.

CONCLUSION

Based on the results of the long-term investigations of the effect of diffe-
rent technogenic pollutions (mineral and organic fertilisers, heavy metals, pol-
luted irrigation water, nitrification inhibitor and detergents) on the dynamics of
the soil fungi number, the following conclusions can be drawn:

— the number of soil fungi depended on the species and rate of agroche-
micals used, growing season and soil zone the samples were taken from for
analysis;

— lower nitrogen fertiliser rates (80 and 120 kg � ha—1) and organic fer-
tilisers stimulated the development of soil fungi, which was not the case with
the 150 kg � ha—1 rate;

— heavy metals, particularly mercury and cadmium, inhibited the deve-
lopment of this group of soil microorganisms;

— the use of high N-serve nitrification inhibitor rates gave rise to a more
emphesized continual decline in the number of fungi under barley, compared
to wheat;

— generally, the polluted irrigation water had exerted an adverse effect
on soil fungi, in both soil types, particularly in the smonitza under red clover;

— low (Meril) detergent concentrations did not have any significant ef-
fect on this group of microorganisms. As opposed to the mentioned, its higher
concentrations (0.1 and 1%) caused a significant fungicidal effect;

— generally, the number of soil fungi was significantly higher in the rhi-
zosphere of the crops investigated than in the edaphosphere;
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on the number of soil fungi (105 g—1 absolutely dry soil)

— M a n d i ã, Ð u k i ã, 2006



— in terms of the mentioned, we conclude that the soil fungi number
dynamics can be used in monitoring soils polluted with different toxinogenic
substances.
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ANTROPOGENI UTICAJI NA MIKROMICETE U ZEMQIŠTU

Dragutin A. Ðukiã,1 Leka G. Mandiã1, Vesna Šumanov,2 Svetlana Raketiã2

1 Agronomski fakultet, Cara Dušana 34, 32000 Åaåak, Srbija
2 Zavod za zaštitu zdravqa, Dragiše Mišoviãa bb, 32000 Åaåak, Srbija

Rezime

U ovom radu data je sinteza višegodišwih istraÿivawa baziranih na uti-
caju razliåitih antropogenih zagaðewa (mineralna i organska ðubriva, teški
metali, zagaðena zalivna voda, inhibitor nitrifikacije i deterxenti) na di-
namiku brojnosti zemqišnih gqiva.

Istraÿivawa su obavqena na Odeqewu za mikrobiologiju i na oglednim
poqima Agronomskog fakulteta u Åaåku na zemqištima tipa smonice i aluvi-
juma u poqskim uslovima i u stakleniku. Kao test-biqke u ovim istraÿivawima
korišãeni su kukuruz, pšenica, jeåam i crvena detelina. Kvantitativni sastav
gqiva u ispitivanim zemqištima odreðivan je metodom razreðewa na selektiv-
noj podlozi Åapeka.

Rezultati istraÿivawa pokazuju da brojnost zemqišnih gqiva zavisi od
vrste i doze korišãenih agrohemikalija, vegetacionog perioda i zemqišne zo-
ne iz koje su uzimani uzorci za analizu. Niÿe doze azotnih ðubriva (80 i 120
kg · ha—1) i organska ðubriva stimulišu razvoj zemqišnih gqiva, što se ne mo-
ÿe reãi za dozu od 150 kg · ha—1. Teški metali, posebno ÿiva i kadmijum, inhi-
biraju razvoj ove grupe zemqišnih mikroorganizama, kao i visoke doze N-serve
inhibitora nitrifikacije. Ukupno gledano, negativan uåinak na zemqišne
gqive zagaðena zalivna voda imala je u oba tipa zemqišta, a posebno u smonici
pod crvenom detelinom. Niske koncentracije deterxenta (Meril) nemaju zna-
åajnog efekta na ovu grupu mikroorganizama.

Shodno navedenom, konstatujemo da se dinamika brojnosti zemqišnih gqi-
va moÿe koristiti u monitoringu zemqišta zagaðenih razliåitim toksinoge-
nim materijama.
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MYCOPOPULATION OF MARSHMALLOW
(ALTHAEA OFFICINALIS L.)

ABSTRACT: Marshmallow is an important medicinal plant in Serbia. Because of in-
creasing demands on the market, cultivation has been started. Through regular quality con-
trol of commercial seeds and plantations, mycopopulation of marshmallow was recorded in
the period 2000—2006. Seeds of marshmallow were dominated by Alternaria alternata and
species from the genus Fusarium (Fusarium verticillioides, F. proliferatum, F. semitectum,
F. oxysporum and F. solani). Species belonging to Fusarium genus are the cause of rot of
seeds and roots of marshmallow, causing chlorosis and fading, and therefore deterioration
and necrosis of plants, as well as decrease of seed germination of seeds. Leaves and stalks
of marshmallow were from time to time under massive attack of Puccinia malvacearum,
and that was the reason why leaves were unuseful as a herbal drug. On roots and lower part
of the stalks, massive appearance of Sclerotinia sclerotiorum, a causal agent of the white
rot, in cases when marshmallow was cultivated after sunflower, was recorded, too. From ot-
her fungi in roots, species belonging to the genus Fusarium (F. oxysporum, F. solani and F.
verticillioides) were dominant.

KEY WORDS: Althea officinalis, marshmallow, diseases, micopopulation

INTRODUCTION

Marshmallow has been used in popular medicine from ancient times. As
a perennial plant, it is characterised by branchy root system and could reach
the height of 1.5—2 meters. It is cultivated because of medical properties of
roots (Althaeae radix), leaves (Althaeae folium) and flowers (Althaeae flos).
That was the reason why the Institute for Medicinal Plant Research “Dr Josif
Panåiã" started the cultivation of marshmallow in cooperation with other pro-
ducers, as well as on its own land.
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The plantations of marshmallow were exposed to attack of a number of
phytopathogenic fungi in different stages of plant development, during the ve-
getation. Numerous fungal diseases in our country decrease the yield and
quality of herbal raw material every year.

Marshmallow is the host of a dozen fungal species in our country (P a -
v l o v i ã and S t o j a n o v i ã, 2001; P a v l o v i ã et al., 2002; P a v l o v i ã
et al., 2006). Considering the relatively poor scientific data recorded so far
about the diseases of marshmallow in our country, the present study was car-
ried out with the aim to get better insight into mycoflora of seeds, overground
and underground parts of this medicinal plants.

MATERIAL AND METHODS

Sampling. Plantations of marshmallow were examined at the localities of
Panåevo, Banatsko Novo Selo, Ruma and Zrenjanin for several times, during
the vegetation, in the period 2000—2006. Plant parts expressing pathological
changes were collected, packed into paper bags, and transferred to laboratory
for further testing. Samples of seed were collected from the plantation subjec-
ted for marshmallow seeds production in Panåevo.

Isolation. Isolation of fungi from the seeds was carried out according to
the procedure supplied by ISTA (M a t h u r and K o n g s d a l, 2003), using
methods for incubation on filter paper and nutritive medium. These methods
were applied to 4600 seeds. After incubation of seeds for 5—10 days, formed
mycelia were transferred to PDA and WA with carnations leaves (CLA). From
collected samples of leaves, leaf stalks, stems and roots, isolation was accom-
plished in common manner, taking fragments from the zones between healthy
and diseased tissues. Before transferring to PDA, plant material was sterilised
by 2% of NaOCl solution during 2 minutes, washed with distilled water, and
incubated for 7—10 days at 25°C ± 1°C. Formed fungal colonies were again
put on PDA, to get clean cultures and for further characterization of fungal
isolates. The collection of 53 Fusarium isolates, 4 Alternaria isolates, 2 Pho-
ma isolates and 2 Sclerotinia isolates, was formed and was chosen for determi-
nations.

Morphological characteristics of fungi. The morphology of fungi was
evaluated on natural substrate and nutritive media. Growth of colonies of Fu-
sarium spp. was measured on PDA after incubation for 3 days, at 25°C and
30°C. To stimulate developed sclerotia to form apotetia and ascospora, cooling
in refrigerator to +4°C was applied. After 30 days, sclerotia were put to wet
filter paper at laboratory temperature. Morphological characteristics of obliga-
tory pathogens (Puccinia malvacearum) were tested on the fresh material only.

Determination of fungi. Determination of fungi was conducted on the ba-
sis of morphological, biometric, and growing properties of the tested fungi, ta-
king into account registered symptoms of the disease, described by N e l s o n
et al. (1983) for Fusarium spp., S a v u l e s c u et S a v u l e s k u (1953) for
Puccinia malvacearum, S u t t o n (1980) for Phoma sp., M o r d u e and H o l -
l i d a y (1976) for Sclerotinia sclerotiorum.
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RESULTS

1. Alternaria alternata (Fr. ex Fr.) Keissel was the most abundant fungus
in commercial marshmallow seeds. From total number of tested seeds, on ave-
rage 45,6% of seeds (22—78%) were attacked by this fungus, and the range of
infection was 22—78%. On the seed this fungos forms white aerial mycelium
that later becomes dark grey, and may cover the whole seed, causing mechani-
cal inhibition of germination. On PDA it develops fast, filling the Petri dish
within 7—10 days. Aerial mycelium is olive-greyish, more abundant in the
middle, while the edges are wavy and white. Conidiophores are simple, septate,
dark. Conidia are formed in long branched chains, dark, different in shape,
with or without beaks.

This fungus was isolated from dark, elongated (up to 1 cm), necrotic fla-
kes formed at root necks of marshmallow originating at the localities of Panåe-
vo, Banatsko Novo Selo and Inðija. At root and stem, this fungus is often
found in combined infection with species from the genus Fusarium.

2. Fusarium verticillioides (Sacc.) Nirenberg was isolated from 9% of
seeds, stems and roots of marshmallow. On seeds, this species forms white,
abundant, woolly mycelia, with blue nuances. Around diseased seed, filter pa-
per is coloured ink-blue. At the lower part of the stem, filthy white to beige
colouring of mycelia of velvet consistency or white mycelia which covers big-
ger part of the root, can be observed. Diseased root is grabbed by dry or wet
rot, because of necroses of conductory vessels.

Colonies on PDA are abundant, velvet-like, woolly, white at the begin-
ning later decorated with different nuances of violet. There are variabilities
between the isolates, regarding the colour of mycelia and nutritive medium.
An average radius of 35 mm at 25°C, and 37,5 mm at 30°C was recorded.
Macroconidia are abundantly formed at tips of monophialides, in longer or
shorter chains (Fig. 1), or in false heads, after three days of growing on media.
These are hyaline, obovoid with truncate base, not-septated, rarely with one
septum. Macroconidia are formed in monophialides in pale orange sporodochia
on CLA, rarely in hyphae, hyaline, delicate, somewhat folded, almost cam,
with 3—5 septa, with apical cell narrowed and foot-shaped basal cell. None of
the isolates formed chlamidospores.

3. F. proliferatum (Matsuhima) Nirenberg was
recorded in all tested seed samples, an average 7%
of the seeds were infected, and isolated from marsh-
mallow root samples from all the localities. Aerial
mycelium colonies on PDA were at first white, abun-
dant, woolly, loose on the edges. Isolates of F. proli-
feratum may vary regarding the colour of aerial and
substrate mycelium. An average increase of colonies
of 35 mm at 25°C, and 37 mm at 30°C was recor-
ded. Microconidia on CLA are usually formed on
mono or polyphialides, in chains or in false heads
(Fig. 2). They are hyaline, single celled, rarely with
one septa, obovoid with truncate bases. Macroconi-
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dia are rarely formed in monophialides and sporodochia. Sporodochia are pale
orange, formed after 7—10 days of growing on CLA, in intermittent UV
light/dark conditions (12/12 h). Macroconidia are hyaline, long, falcate to al-
most straight, delicate, thin walled, with 3—5 septa. Basal cell is foot-shaped.
Chlamidospores were not present in any of the isolates.

4. F. semitectum Berk. & Rav produces abun-
dant, woolly, beige coloured aerial mycelium around
the seed on moist filter paper. On average 3% of
the seeds were infected. Still, the infection does
not stop the germination, but soon it causes the
coverage of whole seed by mycelium, which leads
to seed wilt. An average radius of colonies of 40,
5 mm at 25°C, and 39, 5 mm at 30°C was recor-
ded. Colonies on PDA with abundant, rich, wool-
ly, aerial mycelium, initially white to salmon, be-
coming peach colour with age. Substrate myce-
lium is of peach colour, or pale to dark brown
pigment which develops in the agar. Microconi-
dia are rarely produced. Macroconidia are for-

med in polyphialides (Fig. 3 and 4) in aerial mycelium on CLA, just 4 days
after the inoculation. These conidia are straight, rarely slightly curved, spin-
dle-shaped at the ends with 3—5, rarely 6—7 septa. Chlamidospores were pre-
sent in all the isolates.

5. Fusarium oxysporum Schecht. Emend. Snyder & Hansen was present
on 4% of the marshmallow seed. It forms rich, abundant, snow-white myce-
lium that covers the whole seed. Around diseased seed filter paper is coloured
ink-blue. Especially heavy contamination of root by these fungi was observed
at the locality of Banatsko Novo Selo, during 2005, causing fading and dete-
rioration of shoots. The cross section of the diseased root clearly shows the
necrosis of vessel elements (Fig. 8). The leaves of the diseased plants become
yellow and fade, so the root becomes unuseful as a herbal drug.

Simultaneously, there is a great variability between the same isolates, re-
garding the morphology of the colonies and pigmentation of media. An ave-
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Microconidia in false heads

Fig. 3—4 — Macroconidia (3) and polyphialide of F. semitectum (4)



rage radius of 40,36—41,18 mm at 25°C, and 40,81—40,90 mm at 30°C was
recorded. Some isolates form stromatic-like bodies, resembling the peritecia.
Microconidia (Fig. 5) are abundantly formed in false heads on short monophi-
alides (Fig. 7) on CLA, four days after growing. Macroconidia (Fig. 6) in mo-
nophialides are formed on mycelium, but mainly in dark sporodochia that are
hyaline, single celled or with one septa, oval to ellipsoid or kidney shaped.
Macroconidia covered with mycelium on CLA, after seven days, and on PDA,
in older cultures. They are hyaline, sometimes slightly sickle-shaped, apical
cell narrowed, with 3—5 septa. Each isolate formed chlamidospores
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Fig. 5—8 — Fusarium oxysporum. Microconidia and chlamidospore
in situ (5), macroconidia (6), short monophialide and false heads

in situ (7), necrosis of diseased marshmallow rot (9)

Fig. 11—12 — Mixed infection of marshmallow roots by
Fusarium solani and F. verticillioides



6. Fusarium solani (Mart.) Appel & Wollenw. emend. Snyder & Hansen
was isolated on 2% of the marshmallow seed, and the root as well (Fig. 11
and 12) during the autumn 2005. White, flourish mycelium was formed on the
root within the dark brown, almost black necrotic tissue. With few plants,
necroses took over the whole root. In these cases, leaves are chlorotic and die.

Colonies are with white, rare, zoned aerial mycelium, with slightly wavy
edges. Pigmentation at the centre was filthy white to beige, almost white
toward outside. An average radius of colonies of 24,8 mm at 25°C, and 29,6
mm at 30°C was recorded.

F. solani on CLA produces microconidia, macroconidia and chlamidospo-
res (Fig. 9 and 10). Microconidia are abundantly formed in false heads on long
monophialides. They are hyaline, single celled or with 1—2 septa, oval to el-
lipsoid or kidney shaped. Macroconidia are formed on monophialides in dark
sporodochia (on PDA) on older cultures or on mycelium (on CLA) 7 days
after growing. Macroconidia are hyaline, sometimes slightly sickle-shaped, api-
cal cell narrowed, with 3—7 septa. Each isolate has abundantly formed chla-
midospores.

7. Puccinia malvacearum Mont. causal agent of the rot on the leaves and
stalks of marshmallow was detected at the localities of Panåevo, Banatsko No-
vo Selo and Alibunar, and on wild-growing plants of both types of marshmal-
low near Belgrade as well.

During the first part of May, on the upper side of the leaves, pale yellow
chlorotic spots, 0,5—3 mm in radius, were recorded, and inside of the leaves,
covered with warts teliosorusy with orange-brown coloured teliospores, which
later became dark purple. Over 100 of teliosoruses could be formed on a sin-
gle leave. Teliosoruses formed on leaf stalks and stems are rare and less, they
join together, so they become straigh. In a case of heavy attack, the leaves
fade and die, that inhibits the production of quality herbal raw material for
pharmaceutical needs.

Teliospores are formed as double cells, on long stalk, spheroidly alterna-
ted, pale yellow, with smooth, thick walls (Fig. 13). Lower cell is wider, and
upper cell is slightly oval, sometimes apical narrowed. Teliospores can germi-
nate only after being put under influence of alternating low and high tempera-
tures under natural conditions.
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Fig. 9—10 — Fusarium solani. Chlamydospore (9), micro
and macroconidia (10)



8. Sclerotinia sclerotiorum (Lib.) de Bary was
detected only on a private plantation near Bela Cr-
kva (Banatsko Novo Selo), where marshmallow was
cultivated after sunflower during July and August
2001. Pathogen attacks the root, neck of the root
and stem, at first forming dark water-like spots.
Within these spots, an abundant, white mycelium is
developed, and later dark to black, large sclerotia.
Under wet conditions, the lesions are growing fast,
taking over the plant ring by ring, causing fading
and actual deterioration of plants. Sclerotia are for-
med in the stem core of the diseased plant. Myceli-
um is taking over flower branches too, spreading
the infection onto the seed.

Fungi produce sclerotia after 10 days of growing on PDA. They are alter-
nated as spheroid to irregular shape, 2—5 mm in radius. Sclerotia form apote-
tia (Fig. 15) with ascus and ascospora (Fig. 16), after it was kept for 60 days
on wet filter paper at laboratory temperature.

9. Phoma sp. was isolated from ground part
of marshmallow stem, originating from Zrenjanin.
On the stem dark, oval spots are formed and joi-
ned together. Tissue within the spots is creaking,
thus forming numerous pycnidia. At first, aerial
mycelium is white, later, in central part, the co-
lour is changing to dark. Numerous individually,
concentrically placed pycnidia are formed on PDA
after 10 days (Fig.14). Pycnidiospores are small,
hyaline, single celled, straight, ellipsoid or egg-
-shaped.

Besides the previously mentioned fungi, so-
me other fungi from genera Epicoccum, Cladospo-
rium, Penicillium, Aspergillis and Rhizopus were also isolated from the marsh-
mallow seed. They were present in low percentage (1—4%).
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Fig. 13 — Teliospores of
Puccinia malvacearum

Fig. 15—16 — Sclerotinia sclerotiorum. Apothecium formed
on sclerotium (15), asci and ascospores (16)

Fig. 14 — Pycnidia of
Phoma sp. formed on PDA



RESULTS AND DISCUSSION

Fourteen species from 10 genera were identified on the seed, leaf, stem
and root of marshmallow. Because of the rich content of nutritional material,
the seed presents the adequate substrate for growth. The dominant population
on the seed are fungus from the genus Alternaria (22—78%) and Fusarium
(18—25%), and in smaller percentage (1—4%) fungus from the genera Pho-
ma, Epicoccum, Cladosporium, Penicillium, Aspergillis and Rhizopus.

Alternaria alternata is constantly present on the seed. It is also isolated
from dark spots on the root, where it most often combines with the species
from the genus Fusarium. The genus Alternaria forms different groups of iso-
lates, from genuine saprophytes, facultative pathogens to virtual, for the host
specific pathotypes (S c h e f f e r, 1992). O t a n i and K o h m o t o (1992)
state that isolates of A. alternata have the capability of invading the herbal tis-
sue, that leads to a disease on numerous hosts. In our country it was identified
on chamomile, feverfew, valerian and balm.

Five species from genus Fusarium (Fusarium verticilloides, F. prolifera-
tum, F semitectum, F. oxysporum and F. solni) were isolated from seed of
marshmallow. The diseased seed is small and poor, with changed colour. Parts
of germinated seeds fade and die. Fusarium proliferatum, F. oxysporum and F.
solani often attack marshmallow root, causing its deterioration. Morphological
characteristics of the obtained isolates of Fusarium spp. (appearance, micro
and macroconidia, way of formation, presence or absence of chlamidospores)
originating from marshmallow, as well as huge variability regarding the colour
and pigmentation of nutritive medium, were in good agreement with the de-
scription of other authors (N e l s o n et al., 1983; B u r g e s s et al., 1994).

Mallow rust (Puccinia malvacearum) is known as a disease of wild
growing mallow (Malva silvestris L.) found at several localities in Serbia
( S t o j a n o v i ã and K o s t i ã, 1956). As a host of that pathogen in Monte-
negro Malva rotundifolia and Althaea rosea were reported (M i j u š k o v i ã,
1956).

In Serbia none of the species belonging to the genus Phoma were recor-
ded, though S u t t o n (1980) quoted Althaea rosea as its host.

Moist rot was recorded only in one case, when marshmallow was cultiva-
ted after sunflower culture, that is the main host of Sclerotinia sclerotiorum
( M a r i ã et al., 1988). Damages were highly present since all the diseased
plants deteriorated during the vegetation. Pathogen sclerotia are able to retain
vitality in soil for a very long period of time (3—8 years), so, from this reason
crop rotation by cultivation of marshmallow should be taken into account.
Three-year lasting crop rotation in beans did not reduce the disease severity
( S c h w a r t z and S t e a d m a n, 1977).
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Rezime

Redovnom kontrolom kvaliteta komercijalnog semena i plantaÿnih zasada
registrovana je mikopopulacija belog sleza u periodu 2000—2006. Åetrnaest vr-
sta gqiva iz 10 rodova identifikovano je na semenu, listu, stablu i korenu be-
log sleza. Sa semena su izolovane sledeãe vrste: Alternaria alternata i pet vrsta
roda Fusarium (F.verticillioides, F. proliferatum, F. semitectum, F. oxysporum i F.
solni), a u mawem procentu (1—4%) gqive iz rodova Epicoccum, Cladosporium, Pe-
nicillim, Aspergiluis i Rhizopus. Vrste roda Fusarium prouzrokuju truleÿ semena i
korena sleza, dovode do hloroze i uvenuãa, a samim tim i do ugiwavawa biqaka
i utiåu na smawewe klijavosti semena. Listovi i stablo belog sleza su 2002.
godine bili masovno su inficirani sa Puccinia malvacearum, zbog je åega li-
šãe bilo neupotrebqivo kao biqna droga. Vlaÿna truleÿ registrovana je samo
u jednom sluåaju kada je beli slez gajen nakon suncokreta. Pošto sklerocije pa-
togena zadrÿavaju vitalnost u zemqištu više godina, u proizvodwi belog sleza
potrebno je voditi raåuna o plodoredu.
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LYOPHILIZATION AS A METHOD FOR PATHOGENS
LONG TERM PRESERVATION

ABSTRACT: Lyophilization (freeze-drying) is one of the most suitable methods used
for a long term peservation of pathogens. The aim of this paper was the application of lyop-
hilization for storage of three significant plant pathogens: Fusarium graminearum, Helmint-

hosporium gramineum, and Pseudomonas syringae pv. gylicinea, respectively. The plant
material was collected continuously (during a four year period 2002—2006), depending on
a plant development stage, from different localities in Vojvodina. Pathogens were isolated
from diseased parts with characteristic symptoms, and placed on nutritive media specific for
a certain pathogen, using standard phytopathological methods. Lyophilization was carried
out in marked and coded ampoules by freezing and drying of pathogen suspension and nu-
tritive medium. Revitalization of lyophilized isolates was done after four days. High percen-
tage of revitalization was characteristic for all studied isolates, and it ranged from 85—
92%, confirming that lyophilized pathogens would be capable of keeping viability for a
long time in the collection. Besides above mentioned pathogens, there were 200 isolates in
the collection, originating mostly from field and vegetable crops. Each isolate that was put
into the Collection, was followed by all the necessary data such as: name of the pathogen,
number of isolates, locality, host plant, year of isolation, name of the researcher and other
relevant data.

KEY WORDS: lyophilization, long time preservation, plant pathogen collection, fun-
gi, bacteria.

INTRODUCTION

The study of microorganisms often involves the use of living cultures.
The cultures need to be kept for a long period, and included into the microbio-
logical collection. Purpose of the Collection is to maintain the biological mate-
rial in vital and stable state, with all its original traits preserved. Lyophilization
(freeze-drying) is one of the most suitable techniques used for long-term
pathogen preservation (The Preserevation and Maintenance of Living Fungi —
S m i t h and O n i o n s, 1994).
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MATERIAL AND METHODS

The plant material was collected continuously, from different localities in
Vojvodina, depending on a plant development stage. Pathogens were isolated
from diseased parts with characteristic symptoms, and placed on nutritive me-
dia, specific for certain pathogens, using standard phytopathological methods.
These isolates originated from different localities in Vojvodina (Futog, Begeå,
Baåka Palanka, Rimski Šanåevi, Åenej, Panåevo, Srbobran, Tovariševo, Njego-
ševo, Baåka Topola, Laãarak and Åalma, respectively) and were collected du-
ring the period 2002—2006.

Fusarium graminearum was isolated from diseased maize and soybean
seed, and from diseased leaves and ear of barley. Standard PDA medium was
used. The obtained fungi colonies, belonging to Fusarium genus, were subcul-
tured on CLA medium for better sporulation (F i s h e r et al. 1982). Isolates
were incubated at 25°C under artificial ultraviolet light (“black light") with a
12hr photoperiod.

Helminthosporium gramineum was isolated from diseased seed and leaf
of barley and placed on standard PDA medium. Incubation was done at 25°C,
with 12 hour light/dark cycle during seven days. The obtained isolates were
transferred to PDA and WA media in order to obtain pure cultures.

On basis of fungus morphological characteristics of colonies and repro-
ductive organs (conidia, conidiophores, and chlamidiospores), determination of
species was done (N e l s o n et al., 1983; B u r g e s s et al., 1994; M a t h u r
and K o n g s d a l, 2003).

Pseudomonas syringae pv. glycinea was isolated from diseased soybean
leaves with characteristic symptoms of bacterial spot, placed on meat extract
(MPA) and nutritive agar medium, enriched with sucrose (NSA), using stan-
dard surface smearing method (A r s e n i j e v i ã, 1997; S c h a a d, 1980).
Two days after development in thermostat at 26°C, individual colonies were
transferred to slope medium with glycerol (K l e m e n t et al., 1990). Bioche-
mical-physiological characteristics and pathogenic traits of the obtained isola-
tes were determined by using tests and usual procedures for this kind of tes-
ting (F a h y and P e r s l e y, 1983; A r s e n i j e v i ã, 1988; K l e m e n t et
al. 1990; S c h a a d, 2001).

Preparation of the isolates for lyophilization

F. graminearum and H. gramineum were lyophilized using colonies 7—
10 days old, while bacterial colonies were 24—48 hours old.

Lyophilization was done according to S m i t h and O n i o n s (1994).
Prepared material was lyophilized in Modulyo 4K freeze dryer (Edwards, UK)
under vacuum (Fig. 1). Lyophilization processed ampoules were constricted
using flame, in order to prevent the contact of lyophilized material with air,
which could cause damage (R e y, 1977) (Fig. 2).

Sealed ampoules were kept in a special compartment of lyophilization
chamber.
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Fig. 1 — Modulyo 4K freeze dryer (Edwards, UK)



Viability of lyophilized isolates was checked four days after the lyophili-
zation. Growing and morphological characteristics (shape, colour, and size) of
fungal and bacterial colonies were observed on nutritive media during the revi-
talization process.

RESULTS

Ten isolates of F. graminearum fungus were obtained by isolation. Five
isolates originated from soybean seed (FG-5, FG-8, 56/13, 4/21, 5/18), three
from maize seed (FG-1, FG-2, FG-3), one from barley leaf (FG-6) and one
from barley ear (FG-7).

Four isolates of H. gramineum originating from barley seed, were obtai-
ned (H-1, H-1 (F), HG-1 and HG-2), and one originating from barley leaf
(HG-3).

Three to four days after the completion of lyophilization, 22 isolates of P.
syringae pv. glycinea (B2/4, B2/5, B2/6, B2/7, B2/8, B11/1, B13/1, B13/2,
B13/4, S5/1, S5/2, S5/3, R9/1, R9/3, R10/1, R10/4, R10/5, R10/6, R12/2,
P15/1, P15/2 i P15/3) were obtained.

Besides the above mentioned pathogens, the Collection contains 200 iso-
lates originating mainly from field and vegetable crops. Each isolate contained
in the Collection was put into the data base with all the relevant data, such as
name of the pathogen, number of isolates, locality, host plant, year of isola-
tion, name of the researcher and other relevant data (Tab. 1).
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Tab. 1 — Form of table containing data on isolates and localities

Catalog number of isolate

Name of pathogen

Locality

Host and part of plant used for isolation

Year of introduction of isolate into the Collection

Other data: name of institution, name of researher, original mark of
isolate, origine of isolate, year of isolation and other relevant data

Percentage of revitalized isolates four days after lyophilization was 85%
for F. graminearum and H. gramineum fungi, and 92% for P. syringae pv.
glycinea bacterium. These results point out to a high degree of isolate viability
after lyophilization, confirming that the studied pathogens are capable of long
term preservation by application of this method.

Morphological and growing characteristics of the colonies of revitalized
fungal and bacterial isolates, observed on nutritive media, were identical with
the original. On PDA, medium isolates of F. graminearum formed abundant,
thick, and pinkish white mycelia, with grayish margines. The isolates formed
burgundy pigment in the agar. On CLA medium, the isolates formed pink
aerial mycelium, and dark red pigment in the agar. Macroconidia were formed
on branched monophialides with 3—5, rarely 6 clearly visible septa. Apical
macroconidial cell was tapered, while basal cell was foot-shaped. The isolates
formed neither microconidia nor chlamidospores. (Fig. 3).

H. gramineum formed grayish to olivegreen black colonies with characte-
ristic lobed margins, after revitalization on PDA medium. Conidiophores were
branched and septate, formed individually or in groups. Cylindrical dark yel-
low conidia with 1—7 septa were formed laterally or terminally on conidio-
phores (Fig. 3).

Bacteria were revitalized on nutritive medium enriched with sucrose (NSA).
Characteristic slimy, large, shiny, white and distinctively convex bacterial co-
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lonies of P. s. pv. glycinea were formed three to four days after revitalization
(Fig. 4).

DISCUSSION

Plant pathogens including F. graminearum, H. gramineum and P. s. pv.
glycinea can cause significant damage to the plant production, and for that rea-
son they should be precisely determined and preserved. Plant pathogens, which
are the part of agro-ecosystem, are influenced by great number of factors, cau-
sing the change of their characteristics among which pathogenicity and viru-
lence are the most significant ones. This fact revealed the need for a systema-
tic collection and a long-term preservation of pathogens. Due to the changes
caused by different conditions of environment, it is very important, especially
from the aspect of breeding for resistance, to have a great number of isolates
of a certain pathogen originating from different localities and different years.
Lyophilization method enabled the biological material to preserve its original
traits for long periods of time (K l e m e n t, 1990; A g r i o s, 1997).

Results obtained in our studies confirmed that the method of lyophiliza-
tion is a very suitable way for plant pathogen preservation.

Microorganisms can survive conditions of lyophilization process, and pre-
serve viability and original traits. Success of lyophilization and vitality of lyo-
philized isolates can vary between the isolates of the same species (S m i t h
and O n i o n, 1994). T a n et al. (1991) mentioned that the optimal results can
be obtained in case of lyophilization of young colonies, and that this method is
proposed for preservation of fungi belonging to Ascomycetes class, to which
H. gramineum and F. graminearum also belong.

The length of time allowed for rehidratation is one of the major factors in
the process of revitalization, and can be very different for individual isolates
( H a s k i n s, 1957, B u t t e r f i e l d et al. 1974).
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Fig. 4 — Revitalized isolate of P. s. pv. glycinea bacterium
on NSA medium



All studied isolates showed high percentage of revitalization and survival.
Morphological and growing characteristics of lyophilized F. graminearum and
H. gramineum fungi, and P. s. pv. glycinea bacterium, were identical to the
original isolates after revitalisation.

The need for constant observation, study and preservation of plant patho-
gens, with the aim of improvement of cultivated plant production, first of all
by developing less sensitive i.e. resistant varieties, genotypes, and hybrids
comes from all the above mentioned.
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Rezime

Liofilizacija (freeze-drying) je jedna od najpogodnijih metoda koja se kori-
sti za dugoroåno åuvawe patogena. Ciq rada je primena metoda liofilizacije
u åuvawu tri znaåajna biqna patogena: Fusarium graminearum, Helminthosporium
gramineum i Pseudomonas syringae pv. gylicinea. Prikupqawe uzoraka biqnog ma-
terijala vršeno je u kontinuitetu (tokom åetiri godine, 2002—2006) sa razli-
åitih lokaliteta na podruåju Vojvodine, u zavisnosti od razvojne faze biqaka.
Izolacija patogena vršena je iz obolelih biqnih delova sa karakteristiånim
simptomima na hranqive podloge specifiåne za odreðenog patogena korišãe-
wem standardnih fitopatoloških metoda. Postupak liofilizacije vršen je u
obeleÿenim i šifriranim ampulama smrzavawem i sušewem suspenzije pato-
gena i hranqivog medijuma. Revitalizacija liofilizovanih izolata izvršena je
åetiri dana nakon liofilizacije. Za sve prouåene izolate karakteristiåan je
visok procenat revitalizacije i iznosi 85—92%, što potvrðuje da ãe liofili-
zovani patogeni dugoroåno zadrÿati vitalnost u kolekciji.

U okviru kolekcije pored navedenih patogena postoji 200 izolata koji po-
tiåu uglavnom sa ratarskih i povrtarskih biqnih vrsta. Svaki izolat koji se
nalazi u kolekciji unet je u bazu podataka sa svim potrebnim podacima, kao
što su: naziv patogena, broj izolata, lokalitet, biqka domaãin, godina izola-
cije, ime istraÿivaåa i drugi relevantni podaci.

210



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci., Matica Srpska Novi Sad,
¥ 113, 211—218, 2007

UDC 633.15:631.563]:632.4

M i l a n J. A d a m o v i ã1 , A l e k s a n d r a S. B o å a r o v - S t a n å i ã2 ,
I v a n k a M. M i l e n k o v i ã3 , S n e ÿ a n a S. Š t r b a c2 ,
I v a n a D., A d a m o v i ã4

1 Institute for technology of nuclear and other raw materials,
Franshe d'Eperea 86, 11000 Beograd, Serbia

2 A.D. “Bio-ecological centre", Petra Drapšina 15, 23000 Zrenjanin, Serbia
3 “Horticulture Consulting", Zrenjaninski put bb, 11213 Padinska Skela, Serbia
4 Faculty of Agriculture, Nemanjina 6, 11 070 Zemun, Serbia

THE QUALITY OF SILAGE OF CORN GRAIN
AND SPENT P. OSTREATUS MUSHROOM SUBSTRAT

ABSTRACT: The chemical composition, fermentation quality, mycological and myco-
toxicological analyses of silage mixture, made of ground corn grain and spent P. ostreatus
mushroom substrate, were investigated in this paper. Dry matter content in high moisture
ground corn, at the time of ensiling was 70%, and in the spent substrate (on the Salt Cedar
wood shaving basis) was 52.7%. Corn grain to spent substrate ratio in trials was: 100:0%
(I), 90:10% (II), 80:20% (III) and 70:30% (IV) respectively. Content of the lignocellulose
fractions in silage was slightly increased, and protein content was slightly decreased with
the increase of spent substrate content. Contents of the VFA (volatile fatty acids) in silage,
pH value, and NH3-N content were for the silage of very good quality. In the spent substra-
te 9 mold species were found, from which the most frequent were genus Penicillium, Paeci-
lomyces variotii, and Trichoderma harzianum. In ground corn grain silage (I) presence of
the yeasts was dominant (90.000/g). In combined trials (II—IV) only Penicillium (P. brevi-
compactum and P. echinulatum) mold species were found. Presence of molds and yeasts in
investigated trials was within tolerated values for ensiled feedstuffs. Mycotoxin presence in
silage was not determined.

KEY WORDS: silage, P. ostreatus mushroom, substrat, mycotoxins

INTRODUCTION

P. ostreatus mushroom is grown on the compost made of various types of
straw, sawdust, wood shavings or wood crust, seed shells, and other materials
rich in cellulose and lignin. After the fungus fruiting and harvesting, spent com-
post remains, which is utilized by fungus as nutritive substrate. The advantage
of P. ostreatus mushroom production is utilization of cheap waste materials.
Certain authors, among them B a n o et al. (1984), K a k k a r et al. (1990),
P l a t t et al. (1984), R a j a r a t h n a m and B a n o (1989), A d a m o v i ã,
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M. et al. (1996; 1998; 1999 and 2001, A d a m o v i ã, O. et al. (2000; 2001
and 2003, Z a d r a z i l, 1993), found that spent compost could be used as
feedstuff for domestic animals, either natural or ensiled.

During mycelia development and P. ostreatus mushroom fruiting sub-
strate is changed. The biggest changes are in N content which is decreasing.
The content of NDF (neutral detergent fiber) and hemicellulose is also de-
creased, which is indicating that P. ostreatus mushroom enzymes (cellulases,
hemicellulases, celobiases, ligninases, etc.) an effect degradation of easy degra-
dable fraction of lignocellulose complex. On the other hand content of ADF
(acid detergent fiber), ADL (acid detergent lignin) and cellulose (low degra-
dable components of lignocellulose complex) is not changed significantly. In-
creased moisture content in spent P. ostreatus mushroom substrate (50—70%)
causes rapid spoiling and difficult storage. Therefore, possibilities for its use in
animal nutrition are lower.

The goal of this experiment was to investigate possibility for Salt Cedar
wood shavings spent substrate in combination with high moisture ground corn
ensiling, and obtain new information on ways of using spent substrate in cattle
nutrition.

MATERIAL AND METHOD

The substrate for P. ostreatus mushroom growing was made on the basis
of Salt Cedar wood shavings from New Mexico (USA). Content of dry matter
at the time of ensiling was 52,7%. Particles of the wood shavings were hetero-
geneous (diameter 1—7 mm, length 5—100 mm). Content of dry matter in
corn grain at the moment of harvesting was 70%. Particle size of grounded
corn was between 0.1 and 2 mm. Ground corn grain and spent substrate were
mixed and placed into the plastic buckets of 3 kg volume capacity. Ratio
between high moisture ground corn and compost is shown in table 1.

Tab. 1 — Plan of the experiment

Silage component
Silage trials

I II III IV

High moisture ground corn 100 90 80 70
Spent P. ostreatus mushroom substrat 0 10 20 30

After compressing of the ensiled material and remove air buckets were
covered with black nylon foil (0.2 mm thickness) and sealed with plastic lid.
The buckets were stored at the temperature of 20°C for the first 28 days, and
at room temperature of 16—20°C for the last 15 days. The buckets were ope-
ned after 43 days. After the opening the surface layer (2—3 cm thick) conta-
minated with molds, was removed. The samples for laboratory analyses were
taken from the remained content in the bucket. Silage samples (0.6 kg per
sample) were placed in nylon bags, cooled in the freezer (–18°C), and kept
until the beginning of the laboratory analyses. Determination of total number
of saprobic microorganisms/g (bacteria, molds and yeasts) was done according
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to Official Gazette of SFRY, No. 25/80. For mold isolation and identification
following media were used: Czapek's agar (3% of succrose) — Aspergillus
and Penicillium, and potato succrose agar — Fusarium spp. and all other fun-
gal genera. Identification of mold species was done according to the following
authors: N e l s o n et al. (1983) for Fusarium, E l l i s (1971) for Dematia-
ceous Hyphomycetes, Samson & van Reenen — Hoekstra (1988) and D o m -
s h e t et al. (1980) for all other fungal genera. Multidetection procedure (Offi-
cial Gazette of SFRY, No. 15/87) was done for chemical analyses of aflatoxin
B1, ochratoxin A, and zearalenone. Qualitative and quantitative determination
of trichothecene type A mycotoxins (T-2 toxin and diacetoxyscirpenole —
DAS) was done by thin layer chromatographic method (P e p e l n j a k and
B a b i ã, 1991).

RESULTS AND DISCUSSION

Chemical composition. Chemical composition of high moisture ground
corn and spent substrate is shown in Table 2. Chemical composition of ground
corn grain and spent P. ostreatus mushroom substrate significantly differed.
Spent P. ostreatus mushroom substrate had significantly higher content of ash
and lignocellulose fractions (ADF, ADL and cellulose), and protein content
was lower. Chemical composition of silage (trials I—IV) changed depending
on the ratio of high moisture ground corn and spent substrate. With the in-
crease of spent P. ostreatus mushroom substrate ratio in the trials (from 10 to
30%) the trend of lignocellulose fractions content was slightly increased and
the trend of protein content was decreased.

Tab. 2 — Chemical composition, % (on the dry matter basis)

Item

High
moisture
ground

corn

Spent P.
ostreatus

mushroom
substrat

Silage trials

I II III IV

Dry matter (DM) 76,41 52,07 65,88 63,36 59,07 57,19
Ash 1,71 13,12 1,47 2,14 2,82 3,55
Protein 8,51 3,81 8,70 8,46 8,07 7,81
Fat 3,81 0,65 3,28 3,07 2,76 2,55
NDF 17,88 65,47 15,41 18,16 20,65 23,64
ADF 3,17 52,98 2,73 5,70 8,78 11,99
ADL 0,43 14,19 0,37 1,19 2,05 2,94
Hemicellulosa 14,71 12,51 12,68 12,46 11,87 11,65
Cellulosa 2,74 30,79 2,36 4,02 5,74 7,54

NDF — Neutral detergent fiber; ADF — Acid detergent fiber; ADL — Acid detergent lignin

By the organoleptic evaluation of silage (I—IV) characteristic smell for
high moisture ground corn silage was found. In the trials III and IV, with 20
and 30% of spent P. ostreatus mushroom substrat, slight appearance of spent
substrate scent was detected.
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Microbiological analysis. Total bacteria count was significantly higher in
corn grain silage than in spent P. ostreatus mushroom substrate (Table 3). This
is logical regarding to the ensiling process.

Tab. 3 — Total count of saprobic microorganisms in spent P. ostreatus mushroom substrat and
silage

Parameter

Spent P.
ostreatus

mushroom
substrat

Silage trials
Maximum
quantities*I II III IV

Total count of bacteria (No/g) 2.400.000 78.000.000 — — — 100.000.000
Total count of molds (No/g) 1.100.000 20 300 100 40

300.000
Total count of yeasts (No/g) < 10 90.000 300 200 600

Legend: * according to Regulation (Official Gazette of SFRY, No. 2/1990)

Regarding the mold count in the same samples, the situation was comple-
tely different. Unlike spent P. ostreatus mushroom substrate where more than
106 molds per gram was found (Table 3), in silage samples mold count was far
lower, from 20 (silage I) to 300 (II). From 9 identified species of mold (Table
4) in spent P. ostreatus mushroom substrat, dominant species were genus Pe-
nicillium, Paecilomyces variotii, and Trichoderma viride typical mycobita for
lignocellulose materials (D o m s h et al., 1980). In the silage only Penicilllium
(P. brevicompactum, P. echinulatum, P. funiculosum and P. variabile) species
were found. These species are regularly found on corn grain (N o o r y, 1983).

Tab. 4 — Fungal species identified in spent P. ostreatus mushroom substrat and silage

No Species
Spent P.
ostreatus
substrat

Silage trials

I II III IV

1. Acremonium sp. +
2. Alternaria alternata +
3. Aspergillus sp. +
4. Cladosporium cladosporioides +
5. Mortierella bainiery +
6. Paecilomyces variotii +
7. Penicillium brevicompactum + + + +
8. P. echinulatum +
9. P. funiculosum +

10. P. variabile + +
11. Penicillium sp. +
12. Trichoderma harzianum +

TOTAL 9 2 2 2 2

Total count of yeasts was the highest in ensiled corn (90.000/g), which
does not surprise regarding the ensiling process. In trials with different ratio of
spent P. ostreatus mushroom substrate this count did not exceed 600/g, which
is understandable regarding their absence in the spent substrate. Determined
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values were lower than maximum values for saprobic microorganisms in plant
feedstuff (Official Gazette of SFRY, No. 2/1990).

The presence of pathogenic bacteria (genus Salmonella, Staphylococcus,
Proteus, E. coli and Clostridium) was not found in silages. Having in mind
this fact, and previously presented parameters, it could be said that microbiolo-
gical quality of silage was satisfying.

Mycotoxicological analysis. By the thin layer chromatographic method,
presence of mycotoxins (aflatoxin B1, ohratoxin A, zearalenone, diacetoxiscir-
penol-DAS and T-2 toxin) was not detected in silages. This confirms the fact
that the detected molds were either not toxigenic, or the produced mycotoxin
levels were below detection ability of methods used for mycotoxin identifica-
tion (aflatoxin B1, 0,8 mg/kg, ohratoxin A — 8 mg/kg, zearalenone — 12 mg/
kg, DAS and T-2 31 mg/kg). Based on the presented results of mycotoxico-
logy, the quality of silage was satisfying.

Silage quality. Determined pH values of the investigated silages (Table 5)
show decreasing tendency of the content of spent P. ostreatus mushroom sub-
strat was increased. Nevertheless, pH value in trial IV was above 3,5. Among
the volatile fatty acids (VFA) the lactic acid was dominant. The content of lac-
tic acid in trials was in range 3,16 to 3,77%. The content of acetic acid was
about 4—5 times lower than to lactic acid (0,61—0,83%). The presence of
butyric acid was not detected. Content of NH3-N (nitrogen ammonia) was opti-
mal (0,071—0,083% of dry matter, or 5,24—6,40% of total nitrogen), and
slightly increased in trials III and IV. These results indicate that for all four si-
lages the optimal conditions for good quality fermentation existed, which re-
sulted in a good quality of silage.

Tab. 5 — Silage qulaity

Parameter
Silage variant

I II III IV

pH 3.77 3.79 3.64 3.59
Lactic acid, % DM 3.16 3.23 3.77 3.55
Acetic acid, % DM 0.61 0.68 0.83 0.69
Butyric acid, % DM 0.00 0.00 0.00 0.00
NH3-N, % DM 0.074 0.071 0.078 0.080
NH3-N, % TN 5.31 5.24 6.04 6.40
Digestibility, % DM1 86.80 85.61 80.69 77.91

1 T i l l e y, J. M. A., T e r r y, R. A. (1963): J. Br. Grassland Soc. 18:104.

Silage dry matter digestibility was slightly decreasing, from 86,80% (I) to
77,91% (IV), with the increase of spent P. ostreatus mushroom substrat ratio
in silage. The reason for digestibility decreasing trend is high content of low
digestible lignocellulose fractions, which increased in trials respectively. Inve-
stigating the taste palatability (silage II) it was graded quite good. After
20—30 seconds of getting used to the scent and taste of silage, cows consu-
med all offered silage quantity in 60 seconds.

215



CONCLUSION

With the increase of spent P. ostreatus mushroom substrate ratio in silage
(from 10 to 30%) values for NDF, ADF, hemicellulose, cellulose and lignin,
linearly increased. Total count of microorganisms in trials was among the tole-
rant values. The presence of mycotoxins was not detected. The content of vo-
latile fatty acids in silage, silage pH, and NH3-N content were within values
characteristic for silage of a very good quality. With increased ratio of spent
P. ostreatus mushroom substrat in silage, digestibility of silage dry matter de-
creased from 86,80% (I) to 77,91% (IV). Silage consumption was good. Mi-
crobiological and mycotoxicological analyses indicate that all the investigated
silages had satisfying quality.

Use of this kind of silage in smaller quantities (up to 10% of dry matter
in diets for cows and fattening bulls) could be reasonable in diets with low
ADF and NDF content, as well as for the cattle, with lower genetic potential,
under extensive conditions of nutrition.
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Rezime

U radu su ispitivani hemijski sastav, kvalitet fermentacije, mikološka
i mikotoksikološka slika silaÿa na bazi prekrupe vlaÿnog zrna kukuruza i
supstrata za gajewe gqive Pleurotus ostreatus (bukovaåa). Sadrÿaj suve materije u
vlaÿnom zrnu kukuruza u vreme silirawa iznosio je 70%, a u supstratu (na bazi
piqevine bora) 52,7%. Silirawe je obavqeno u laboratorijskim uslovima, u
plastiånim kofama zapremine 3 kg. Teÿinski udeo prekrupe vlaÿnog zrna ku-
kuruza i supstrata u silaÿi je iznosio: 100:0% (¡), 90:10% (¡¡), 80:20% (¡¡¡) i
70:30% (¡¢). Uzroci silaÿe uzimani su 6 nedeqa nakon silirawa. Hemijski sa-
stav silaÿa (¡—¡¢) se mewao u zavisnosti od udela prekrupe vlaÿnog zrna kuku-
ruza i supstrata. Sa poveãawem udela supstrata (sa 10 na 30%) koliåina ligno-
celuloznih frakcija u silaÿi imala je trend blagog porasta, a proteina trend
opadawa. Sadrÿaj isparqivih masnih kiselina u silaÿi, vrednost pH silaÿe i
sadrÿaj NH3-N bili su u okviru vrednosti koje su karakteristiåne za silaÿu
veoma dobrog kvaliteta. U supstratu je identifikovano 9 vrsta plesni od kojih
su najveãu uåestalost imali predstavnici roda Penicillium, Paecilomyces variotii
i Trichoderma harzianum. U silaÿi od prekrupe vlaÿnog zrna kukuruza (¡) bilo
je dominantno prisustvo kvasaca (90.000/g). U uzorcima kombinovanih silaÿa
(¡¡—¡¢) uoåene su iskquåivo Penicillium vrste gqiva (P. brevicompactum i P. ec-
hinulatum). Prisustvo plesni i kvasaca u ispitanim uzorcima je bilo u tole-
rantnim granicama za silirana hraniva koja se koriste za stoånu ishranu. Tok-
sikološkim pretragama nije utvrðeno prisustvo aflatoksina V1, ohratoksina
A, zearalenona i trihotecena tipa A (DAS i T-2 toksin).
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INFLUENCE OF THE EXTRACTS ISOLATED
FROM GANODERMA LUCIDUM MUSHROOM

ON SOME MICROORGANISMS

ABSTRACT: Ganoderma lucidum (Leyss.: Fr.) Karst, a mushroom-like fungus is one
of the most famous traditional Chinese medicinal herbs. It received wide popularity as a he-
althy food and medicine in the Far East for more than 2000 years, because of its high medi-
cinal value. One of very interesting aspects of G. lucidum's performance is antimicrobial ef-
fect due to the extracts derived from this mushroom, which contain bacteriolitic enzyme,
lysozyme and acid protease. The effects of these extracts depend on their composition,
extraction mode and refining. Bioactive components isolated from several G. lucidum's stra-
ins showed different effects on the investigated microorganisms. In some cases, the influen-
ce was very intensive, with inhibitory or stimulating effect, while some of them did not
show any influence on the investigated microorganisms.

KEY WORDS: antimicrobial effect, extraction, extracts, Ganoderma lucidum

INTRODUCTION

For more than 2000 years, Ganoderma lucidum has been regarded as a
popular folk medicine in the Far East, used to treat various human diseases,
such as hepatitis, hypertension, hypercholesterolemia, gastric cancer and many
others. Due to its ability to cure many different diseases it received names like
“Elixir of life", “Food of Gods", “Mushroom of the Universe". Its intracellular
and extracellular polysaccharides showed inhibition of the growth of several
types of cancer cells (S o n e et al., 1985, W a n g at al., 2002, Z h a n g et
al., 1994). Besides, it also produces many oxygenated triterpenes, especially
ganoderic acid, with various biological functions such as cytotoxicity to hepa-
toma cells, inhibition of histamine release, inhibition of cholesterol synthesis
and absorption, stimulation of platelet aggregation, and inhibition of thrombin
induced platelet aggregation (S h i a o et al., 1994).

Antimicrobial drugs derived from different kinds of microorganisms have
long been used for prophylactic and therapeutic purposes. However, using the
same antibiotic for a long period may cause the resistance of microorganisms
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to that antibiotic. So, the investigation of influences of different kinds of
polysaccharides derived from mushrooms on microorganisms and their effects
on host's immune system are very important today. Such compounds would be
expected to function by mobilising the body's humoral immunity to ward off
viral, bacterial, fungal and protozoal infections resistant to the current antibio-
tics (S m i t h et al., 2002).

MATERIALS AND METHODS

Maintenance of microorganisms

Antimicrobial effects of the extracts of G. lucidum on certain strains of
microorganisms were investigated:

1. Escherichia coli ATCC
2. Bacillus cereus ATCC
3. Staphylococcus aureus ATCC
4. Salmonella enteritidis — Faculty of Agriculture collection
5. Proteus mirabilis — Faculty of Agriculture collection
6. Saccharomyces cerevisiae ATCC
7. Aspergillus niger — Faculty of Agriculture collection

ATCC — American Type Culture Collection, Rockville, Maryland
Bacterial strains of E. coli, B. cereus, S. aureus, S. enteritidis and P. mi-

rabilis were maintained on nutrient agar. The slant was inoculated and incuba-
ted at 37°C for 24 h, than stored at 4°C.

Investigated yeast S. cerevisiae and mould A. niger were maintained on
malt agar. The slant was inoculated and incubated at 30°C, 48h for yeasts and
at 25°C, 7 days for mold, than stored at 4°C.

Preparation of microorganisms

Bacterial strains of E. coli, B. cereus, S. aureus, S. enteritidis and P. mi-
rabilis were inoculated in nutrient broth and incubated at 37°C for 24 h, to
reach the concentration of 106 cells/ml.

Yeast S. cerevisiae and mould A. niger were inoculated in malt broth and
incubated at 30°C for 24 h for yeast and at 25°C for 24 h for mold, to reach
the concentration of 106 cells/ml.

Used strains of Ganoderma lucidum

For this experiment ten different extracts, derived from different strains of
G. lucidum were used. Strains Gl-I, K1 were isolated naturally from Serbian
woods, strains Gl-7 and Gl-349 were taken from the Research Plant Internatio-
nal collection, Holland and strain Gl-K originated from China.

220



Hot extraction of bioactive compounds from dried
Ganoderma lucidum mushroom

Powdered tissue (1—9 g) was washed with 96% ethanol (300 ml), than
filtered and dried in vacuum (at 40°C for 60 min) up to getting powder. Dried
filtercake was mixed with deionized water (300 ml) and glucans were extrac-
ted by autoclaving at 120°C for 20 min. Material was cooled down and centri-
fuged (10000 rpm, at 4—9°C for 10 min). Supernatant was mixed with 2 vol.
96% ethanol and left at 4°C untill precipitate was formed. After centrifuge
(10000 rpm, at 4—9°C for 10 min) the collected pellet were dried in vacuum
(at 40°C for 60 min) and the powder was dissolved in Tris buffer 0.01 M (50
ml). The suspension was dialyzed for 24 h at room temperature. Dialyze is ne-
cessary for refining because low-molecular weight molecules will pass through
the membrane in solution, while high-molecular weight molecules, b-glucan
will stay inside the membrane. After dialyzing the content was centrifuged
(10000 rpm, at 4—9°C for 10 min) and 2 vol. 96% ethanol was added to su-
pernatant and left at 4°C for a couple of hours. To remove supernatant centri-
fugation (10000 rpm, at 4—9°C for 10 min) was repeated and the pellets were
dried in vacuum (at 40°C for 60 min). The dried pellets were dissolved in PBS
and used for further examination on microorganisms.

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

Powdered tissue (10 g) was mixed with water (300 ml) and steered on
magnetic stirrer at room temperature for 24 h. After filtration, the supernatant
was removed and (NH4)2SO4 was added to 90% saturation. Centrifugation
(10000 rpm, at 4—9°C for 10 min) was done and Tris 0.01 M was added to
the pellets for dialyzing (at room temperature for 24 h). This is the way to
obtain the lectins which will stay within the membrane and will be separated
by the centrifugation (10000 rpm, at 4—9°C for 10 min). The obtained dry
lectins were dissolved in PBS and used for the investigation of their influence
on the observed microorganisms.

Influence of the extracts on microorganisms

Petri dishes were inoculated with 0.2 ml suspension of certain microor-
ganism strains, and overlayed with 20 ml of medium. For bacterial growth,
Mueller Hinton agar was used, and for yeast and mould, malt agar was used.
Three filter disks (Schleicher & Schuell), 6 mm in diameter were placed on
each agar, and 10 ml of appropriate mushroom extract was added. Blind probe
contained only PBS, without any mushroom extract. The bacteria were incuba-
ted at 37°C for 24 h, the yeast was incubated at 30°C for 48 h, and the mould
was incubated at 25°C for 7 days.

After incubation, inhibition zones around the filter disks were measured.
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All experiments were performed in duplicate, for three times. The analy-
sis of variance test (P < 0.05) was used to determine the statistical signifi-
cance.

RESULTS AND DISCUSSION

Examination showed that the bioactive compounds derived from G. luci-

dum mushroom have had some influence on the observed microorganisms.
PBS did not show any influence on the observed microorganisms.

The results of influence of ten different extracts derived from G. lucidum

mushroom on the microorganisms are shown in the Table 1.

Tab. 1 — Influence of different extracts derived from Ganoderma lucidum on microorganisms

Microorganisms

Inhibition or stimulation zone in diameter (mm)

Mushroom extract

1 2 3 4 5 6 7 8 9 10

Salmonella
enteritidis

2.66 2.66 — 1 2.66 3 — 2 3 2.66

Escherichia coli 2.33 1.33 — — 2 2 — — 3 2.5
Bacillus cereus 14.67*• 15*• 14.67*• 14*• 14.33*• 13.33*• 12*• 14*• 14*• 14*•
Proteus mirabilis 16*• 16*• 15*• 16*• 16*• 15.33*• 15*• 14*• 15*• 14.33*•
Staphylococcus
aureus

— — — — — — — — — —

Saccharomyces
cerevisiae

— — — — — — — — — —

Aspergillus niger — — — — — — — — — —

* stimulation of growth
— with no influence on growth
• significant difference was found between the treatment and the control (p < 0.05)

All investigated extract were derived by water extraction and alcohol pre-
cipitation, except the extract number 8 which was derived by hot water
extraction.

The extracts derived from different strains and parts of fruitbodies of G.

lucidum mushroom were used. These extracts were labeled with numbers
1—10:

1. Extract derived from the fruiting body of G. lucidum
2. Extract derived from the spore broken cell walls of G. lucidum Gl-K
3. Extract derived from the powdered fruiting body of G. lucidum K1

4. Extract derived from the micro powdered fruiting body of G. lucidum

Gl-K
5. Extract derived from the G. lucidum Gl-K hypha
6. Extract derived from the G. lucidum Gl-K powdered spores
7. Extract derived from the fruiting body of G. lucidum Gl-I by water

extraction at room temperature
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8. Extract derived from the fruiting body of G. lucidum Gl-I by hot
water extraction

9. Extract derived from the fruiting body of G. lucidum-7
10. Extract derived from the fruiting body of G. lucidum-349

It was established that the extracts derived from G. lucidum Gl-K pow-
dered spores (Fig. 4) and fruiting body of G. lucidum-7 had significantly (PT
on bacteria S. enteritidis. The extracts derived from the fruiting body of G. lu-
cidum Gl-I, the spore broken cell walls of G. lucidum Gl-K, the G. lucidum
Gl-K hypha and the fruiting body of G. lucidum-349 (Fig. 2) showed reduced
inhibition effects. The extracts derived from the powdered fruiting body of G.
lucidum K1 and from the fruiting body of G. lucidum Gl-I by water extraction
at room temperature did not influence the growth of bacteria S. enteritidis.

The strongest inhibition effect on the growth of bacteria E. coli was ob-
served in the case of the extract derived from the fruiting body of G. luci-
dum-349 (Fig. 1), and the extract derived from the fruiting body of G. lucidum
Gl-I, while the extracts derived from the powdered fruiting body of G. luci-
dum K1, the micro powdered fruiting body of G. lucidum Gl-K, the fruiting
body of G. lucidum Gl-I by water extraction at room temperature and the frui-
ting body of G. lucidum Gl-I by hot water extraction, did not influence the
growth of bacteria E. coli.

All investigated extracts derived from different kinds of G. lucidum mush-
room showed significantly strong stimulating effects (P < 0.05) on the growth
of bacteria B. cereus (fig. 5 and 6). The strongest effect showed the extract de-
rived from the spore broken cell walls og G. lucidum Gl-K. The most reduced
stimulating effect showed the extract derived from the fruiting body of G. luci-
dum Gl-I by water extraction at room temperature.

All investigated extracts had significantly strong stimulating effects (P <
0.05) on the growth of bacteria Proteus mirabili. The extracts derived from the
fruiting body of G. lucidum Gl-I, the spore broken cell walls of G. lucidum
Gl-K, the micro powdered fruiting body of G. lucidum Gl-K and G. lucidum
Gl-K hypha (Fig. 3) were the strongest. The lowest stimulating effect showed
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Fig. 1 — Inhibitory effect of extract
derived from the fruiting body of

Ganoderma lucidum-349 on the growth
of bacteria Escherichia coli

Fig. 2 — Inhibitory effect of extract
derived from the fruiting body of

Ganoderma lucidum-349 on the growth
of bacteria Salmonella enteritidis



the extract, derived by hot water extraction, from the fruiting body of G. luci-
dum Gl-I.

The investigated extracts did not show any effect on the growth of bacte-
ria S. aureus, yeast S. cerevisiae, and mould A. niger.

CONCLUSIONS

G. lucidum, one of the oldest salutary remedy known for more than 3000
years, became a subject of interest in many contemporary science researching
papers. Numerous experiments showed different possibilities of using of ex-
tracts derived from this mushroom in various disease treatments, improving
immune system function which results in improving the general condition of
an organism. One of the possible ways of utilising these extracts is their action
on microorganisms which endanger human and animal health very often. Stan-
dard procedures in repression of harmful microorganisms are applications of
antibiotics, but too much usage of antibiotics, and the ability of microorga-
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Fig. 3 — Stimulating effect of extract
derived from Ganoderma lucidum Gl-K
hypha on the bacteria Proteus mirabilis

Fig. 4 — Inhibitory effect of extract
derived from Ganoderma lucidum Gl-K

powdered spores on the bacteria
Salmonella enteritidis

Fig. 5 — Stimulating effect of extract
derived from Ganoderma lucidum

on the bacteria Bacillus cereus

Fig. 6 — Stimulating effect of extract
derived from Ganoderma lucidum Gl-K,

by hot water extraction, on the
bacteria Bacillus cereus



nisms to develop resistance to them, result in their decreased effects on micro-
organisms. On the other hand polysaccharides derived from mushrooms be-
came very interesting due to their influence on immune system and on micro-
organisms, that can be used in a struggle against them. In this work, the in-
fluence of some polysaccharides derived from G. lucidum mushroom on seve-
ral microorganisms was investigated. In some cases the examined extracts
showed very intensive influence, inhibitory or stimulating, while some of them
did not show any influence on the examined microorganisms.

We believe that this investigation is of a current interest and should be
continued with more microorganisms and numerous chemically defined frac-
tions derived from the extracts of G. lucidum mushroom.
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UTICAJ EKSTRAKATA IZOLOVANIH IZ GQIVE
GANODERMA LUCIDUM NA NEKE MIKROORGANIZME

Anita Klaus, Miomir Nikšiã
Poqoprivredni fakultet, Univerzitet u Beogradu,

Nemawina 6, 11080 Beograd, Srbija

Rezime

Ganoderma lucidum (Leyss.: Fr.) Karst je jedna od najvaÿnijih tradicional-
nih kineskih gqiva. Prema pisanim podacima starim više od 2000 godina ko-
risti se na Dalekom istoku kao zdrava hrana i lekovita gqiva. Jedan od vrlo
interesantnih aspekata korišãewa gqive Ganoderma lucidum je i upotreba ove
gqive kao antimikrobnog sredstva, zahvaqujuãi izolovanim ekstraktima koji
sadrÿe bakteriolitiåke enzime, lizozime i kisele proteaze. Efekti ovih eks-
trakata zavise od wihovog sastava, naåina ekstrakcije i preåišãavawa. Bioak-
tivne komponente izolovane iz nekoliko sojeva gqive Ganoderma lucidum poka-
zale su razliåite efekte na ispitivane mikroorganizme. U nekim sluåajevima
uticaj ekstrakata je bio vrlo intenzivan, inhibišuãi ili stimulišuãi, dok
neki od wih nisu pokazali nikakav uticaj na ispitivane mikroorganizme.
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ABILITY OF PLEUROTUS ERYNGII MYCELIUM TO
ABSORB SELENIUM DEPENDING ON THE SELENIUM

SOURCE AND CONCENTRATION IN MEDIUM

ABSTRACT: The aim of our research was to investigate the influence of three diffe-
rent inorganic Se sources, added to the synthetic medium, on the Pleurotus eryngii myce-
lium ability to absorb and retain this microelement. All investigated P. eryngii strains were
good Se absorbers from the media enriched with all studied Se sources. Strain HAI 711,
which was cultivated in the Na2SeO4-enriched medium at Se concentration of 1.0 and 1.3
mgl—1, respectively, showed extraordinarily high Se concentrations in the mycelium (725
mgg—1 of dry weight and 575 mgg—1 of dry weight, respectively).

KEY WORDS: Pleurotus eryngii, mycelium, selenium absorption

INTRODUCTION

Pleurotus eryngii (DC.: Fr.) Quél is economically highly praised species
due to its nutritional and medicinal value. This species has: anti-hypertensive
effect, because of low sodium and great potassium concentration; antioxidant
effect, because of the presence of phenolic compounds; anti-hypercholesterolic
effect, due to a significant amount of dietary fibers, b-glucans, chitin, and chi-
tosan; anti-hyperglycemic, immunomodulating, antitumor, antibacterial, antivi-
ral, antifungal, antiinflammatory, and antiosteoporotic effects (M a n z i et al.,
1999; 2004; M a n z i and P i z z o f e r r a t o, 2000). Although selenium (Se)
is not an essential microelement for yeast and plants (F l o h é et al., 2000), it
plays an essential nutritional role in some animals and humans. Se is an inte-
gral component of several enzymes, selenoprotein P and W, albumin, and
so-called 15 kDa selenoprotein and selenoprotein N, whose functions are still
elusive (B i r r i n g e r et al., 2002). In accordance with the roles of Se depen-
dent-enzymes and proteins, that trace element is antioxidant and an antimuta-
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genic agent, which prevents the malignant transformation of normal cells and
the activation of oncogenes (S t a p l e t o n, 2000).

Pleurotus species have the ability to absorb this microelement from me-
dium and may present an excellent dietary Se source (S t a j i ã et al., 2002;
D u l e t i ã - L a u š e v i ã et al., 2005).

The aim of this research was to investigate the influence of three different
inorganic Se sources, added to the medium in different concentrations, on the
mycelium ability to absorb it.

MATERIALS AND METHODS

The investigated P. eryngii strains and their origin are presented in Table
1. These cultures were obtained from the culture collection of the Institute of
Evolution, University of Haifa (HAI), Israel.

Tab. 1 — Investigated Pleurotus eryngii strains

Scientific name
of species

HAI number
of strains

Origin of strains

P. eryngii (DC.: Fr.)
Quél. var. eryngii

193 Ukrainian SSR, Kherson region, Chaplinka
district, Askania-Nova, on Stipa sp.

201 Israel, Menahemya, on Ferula sp.
356 Israel, Gevaot Merar, near Gedera, on Ferula sp.
507 Cultivated strain, Hawaii, Nextlab
616 Israel, Tabor, on Ferula sp.
711 Israel, Tel Hazor, on Ferula sp.
716 Israel, Gilboa, on Ferula sp.
728 Israel, Lahav, on Ferula sp.

P. eryngii var. tingitanus
Lewinsohn et al. 555 Israel, Sataf, on Ferula tingitana L.

Selenium was used in the forms of sodium selenite (Na2SeO3), sodium se-
lenate (Na2SeO4), and selenium dioxide (SeO2), in the concentrations of 0.3
mgl—1, 0.7 mgl—1, 1.0 mgl—1, and 1.3 mgl—1. Synthetic medium of the follow-
ing composition: glucose, 10.0 gl—1; NH4NO3, 2.0 gl—1; KH2PO4, 0.8 gl—1;
Na2HPO4 x 7H2O, 0.75 gl—1; MgSO4 x 7 H2O, 0.5 gl—1; yeast extract, 2.0 gl—1,
pH 6.0 (50 ml per flask), was inoculated and incubated at room temperature
(22 ± 2°C), on the rotary shaker at 180 rpm, for 28 days. The medium without
Se was used as the control. Three repetitions for each Se source and concen-
tration per strain were performed. After the cultivation period, mycelia were
filtrated and dried at 30°C during the night. For Se extraction, dry mycelia
were treated with: 70% of nitric acid, 70% of nitric acid + 70% of perchloric
acid (3:1), and 6 M HCl (37%), in a mineralizator at 120°C. Se concentrations
in mycelia were measured by graphite furnace Atomic Absorption Spectrome-
ter (VARIAN, Australia).
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RESULTS

Na2SeO3 was a good Se source for the absorption by mycelium and in-
corporation of Se compounds in the cell, in all investigated P. eryngii strains
(Fig. 1).

229

Fig. 1 — Se content in mycelia (mgg—1 of dry weight) of investigated Pleurotus eryngii
strains cultivated in medium with Na2SeO3 as Se source

Fig. 2 — Se content in mycelia (mgg—1 of dry weight) of investigated Pleurotus eryngii
strains cultivated in medium with Na2SeO4 as Se source



Among the investigated strains of P. eryngii var. eryngii, two groups
were distinguished according to their ability to absorb Se from Na2SeO4-en-
riched medium, and to retain it. Strains HAI 201 and HAI 507 fit into the first
group, where Se content in the mycelium decreased, compared to the control,
at the Se concentration of 0.3 mgl—1, while in the presence of higher Se con-
centrations in the medium, mycelium content increased. In the second group,
other investigated P. eryngii var. eryngii strains showed more or less increase
in Se concentration in the mycelium with its addition to the medium. Strain
HAI 711, which was cultivated in the Se-enriched medium with 1.0 and 1.3
mgl—1, respectively, showed extraordinarily high Se concentrations in the my-
celium (725 mgg—1 of dry weight and 575 mgg—1 of dry weight, respectively).
However, in P. eryngii var. tingitanus HAI 555, it was not noted only a de-
crease in Se concentration in the mycelium, compared to the control, but also
its absence when it was present in the medium at the concentration of 0.7
mgl—1 (Fig. 2).

SeO2, as well as Na2SeO3, were shown as good sources for Se absorption
and retention by mycelia of P. eryngii strains. All investigated P. eryngii var.
eryngii strains, as well as P. eryngii var. tingitanus, easily absorbed Se from
medium, when it was present at the concentration of 1.3 mgl—1, except strain
HAI 201 where the highest concentration of absorbed Se was at its medium
concentration of 0.7 mgl—1 (Fig. 3).
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Fig. 3 — Se content in mycelia (mgg—1 of dry weight) of investigated Pleurotus eryngii
strains cultivated in medium with SeO2 as Se source



DISCUSSION

The obtained results showed that all the investigated P. eryngii strains
were good Se absorbers from the medium enriched with all studied Se sources.
However, the strains had different abilities to absorb and retain Se in the
mycelium, and some of them had lower Se concentration in mycelium growing
in Se-enriched medium, than in the control one. These may be explained by
the following facts:

— the increased Se concentration in the control could be explained by
using the wort agar medium for preserving the P. eryngii cultures, concerning
that wort itself is rich in Se, containing between 0.24 and 0.66 mg/kg of dry
weight, depending on the Se concentration in soil (M i h a i l o v i ã, 1996);

— all organisms can assimilate selenites and selenides, while only terre-
strial plants and bacteria can assimilate selenates (B i r r i n g e r et al., 2002);

— the absorption of Na2SeO3 from aquatic environments is a passive
process distinguished from the absorption of Na2SeO4 (B a r c e l o u x, 1999);

— the resorption of Se from selenites is 3 times higher than from selena-
tes (B u t l e r and P e t e r s o n, 1967);

— for the Se incorporation into selenoproteins, it needs the absorbed se-
lenites or selenates to be reduced to the selenide form. As distinguished from
selenates, which are reduced to selenites, firstly in presence of ATP sulfury-
lase, selenites are readily reduced to selenide by flavine-dependent disulfide
reductases (B i r r i n g e r et al., 2002). SeO2 in the presence of H2O gives se-
lenious acid, which with 4 molecules of glutathione, and by releasing 3 mole-
cules of H2O, gives selenoglutathione which is reduced to selenide (S p a l l -
h o l z, 1994). The obtained selenide will go either into biosynthesis of sele-
nocysteine which will be incorporated into selenoproteins, or into methylation
to methaneselenol or dimethyl selenide which lead to excretion or volatiliza-
tion of Se (C o m b s and G r a y, 1998). On the other hand, both synthesized
selenoproteins are degraded after a certain period of time, and selenocysteine
may go into one of three metabolic pathways (R o o s e b o o m et al., 2001):
(i) oxidative deamination, which products are NH3, pyruvate, and HSeO3 —
that may oxidize to selenate; (ii) b elimination, which products are selenol,
pyruvate, and NH3; (iii) selenoxidation, which products are selenious acid and
2 — aminoacrylic acid that hydrolyse into pyruvate and NH3.

Unfortunately, knowledge on Se metabolism in fungi is limited, because
investigations have only been done with yeasts. The literature data about Se
form in filamentous fungi is lacking. In the previous studies of yeast grown in
Se-enriched medium, it was reported that yeast contained 15.7% of elemental
Se, 5.5% of inorganic, and 76.8% of organic Se (Ÿ i v k o v i ã, 1989).

S h a m b e r g e r (1985) studied the effects of sodium selenite, sodium
selenide, and sodium selenate on suppressing spontaneous mutagenesis at ly-
sine and histidine locus in yeast. Contrary to selenite and selenide, which com-
pletely suppressed mutagenesis, selenate inhibited mutagenesis only at the ly-
sine locus, which needed lower quantities of selenite and selenide than the hi-
stidine locus mutagenesis. Do these results show that yeast has a lower ability
to use selenate than selenide and selenite from media?

231



Capacity of Se absorption by mycelium, also depends on medium where
it was grown. This was shown by previous experiments with P. ostreatus HAI
387 (S t a j i ã et al., 2002) and Ganoderma lucidum (D u l e t i ã - L a u š e -
v i ã et al., 2005). Se content in mycelium of both investigated species was
significantly higher at their cultivation in potato-dextrose Se-enriched medium
with Na2SeO3, than in malt medium, and especially in synthetic medium with
the same Se source. Potato-dextrose medium was also better for production of
mycelial biomass, compared to the synthetic medium.

Results obtained here set new goals for further investigations: Se metabo-
lite pathways in higher Basidiomycetes, the forms of absorbed Se in myce-
lium, as well as finding the best cultivation medium, and Se source for its ab-
sorption and incorporation of the organic Se compounds in the cell.
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Rezime

Ciq istraÿivawa je bio prouåavawe uticaja tri razliåita neorganska iz-
vora selena dodata u sintetiåku hranqivu podlogu na sposobnost micelije P.
eryngii da apsorbuje i zadrÿava ovaj mikroelement. Svi prouåavani P. eryngii
izolati su dobro usvajali selen iz podloge obogaãene odabranim izvorima sele-
na. Soj HAI 711 koji je bio kultivisan u Na2SeO4 — obogaãenoj podlozi pri
koncentraciji selena od 1.0 odnosno 1.3. mgl–1 imao je izuzetno visoku koncen-
traciju selena u miceliji (725 mgg–1 suve mase odnosno 575 mgg–1 suve mase).
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MORPHO-PHYSIOLOGICAL CHARACTERISTICS
AND INTERACTIONS OF ISOLATES OF

MYCOGONE PERNICIOSA (MAGNUS) DELACR.

ABSTRACT: Mycogone perniciosa (Magnus) Delacr., which causes wet bubble di-
sease of Agaricus bisporus Lange (Imb), results in a considerable crop loss on mushroom
farms in Serbia. The isolation and identification of five isolates of M. perniciosa from di-
seased fruit bodies of white button mushroom from mushroom units in Serbia, Bosnia and
Herzegovina and Holland were made. Morpho-physiological characteristics and inter-rela-
tionships of the obtained isolates were studied. Macroscopic and microscopic investigations
of different zones between colonies of the isolates of M. perniciosa revealed the phenome-
non of the hyphal interference between different isolates. The obtained results suggest that
hyphal interference could serve as an additional parametar for a more reliable determination
of fungal specifity.

KEY WORDS: Mycogone perniciosa, mycopathogen, hyphal interference

INTRODUCTION

Wet Bubble Disease, caused by mycopathogen Mycogone perniciosa (Mag-
nus) Delacr., is still considered as one of the most important diseases of the
cultivated mushrooms Agaricus bisporus Lange (Imb), wherever white button
mushroom are produced commercially (S i s t o et al., 1997, S h a r m a and
K u m a r 2000, B o r a and Ö z a k t a n 2000, N a n a g u l y a n and Y e -
s a y a n 2002). Mushroom cultivation in Serbia is still less developed than in
other countries, and M. perniciosa has a significant influence on quality and
yield of mushrooms. Mycogone perniciosa produces small thin-walled phialo-
conidia on Verticillium-like conidiophores, together with much larger bicellular
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conidia (aleuriospores) that develop on short, lateral hyphae, consisting of
dark, spherical thick-walled, verrucose apical cell and thin-walled basal cell.
Besides vegetative mycelium, both phialospores and aleuriospores of M. perni-
ciosa are infectious (H o l l a n d and C o o k e 1990). Studies of the M. per-
niciosa isolates directed toward the distinction of different isolates, is of great
importance from both theorethical and practical point of view. This fungi is
known by extremly high mycopathogenic potencial and frequently attacks
crops of white button mushroom, a common edible mushroom with major eco-
nomic value and a cosmopolitan distribution (K e r r i g a n, 1995).

According to W e b s t e r (1970) hyphal interference can be of great sig-
nificance if the hypotheses that it represents the most obvious and most clear
form of interspecific competition, and that it could serve as an additional para-
metar for determination of different isolates of M. perniciosa, are true.

In this study, we examined the morpho-physiological characteristics and
inter-relationships of the obtained M. perniciosa isolates.

MATERIALS AND METHODS

Samples of diseased mushrooms were collected from mushroom farms in
Serbia, Bosnia and Hercegovina and Holland. Pure culture of the M. pernicio-
sa was isolated from A. bisporus in the Mycological Laboratory, Institute for
Biological Research “Siniša Stankoviã". Fungal isolates used in this work were
as follows: MPS from mushroom farms in Bosnia and Herzegovina (Sarajevo);
2 from mushroom farms in Serbia: MPPS (Padinska Skela) and MPR (Ripanj)
and 2 (MPH1 and MPH2) from the Mushroom Experimental Station, Wage-
ningen, Holland. The isolates were maintained on potato dextrose agar (PDA).
The cultures were stored at 4°C and subcultured once a month (B o o t h
1971).

Morpho-physiological characteristics of the isolates were recorded on the
colony, grown on Petri plates with PDA medium, during 10 days, at 25°C.
Colony characteristics and growth measurements were made daily. Hyphae,
phialoconidia and aleuriospores were placed on microscopic slides and stained
with Lactophenol cotton blue (J o h a n s e n, 1940). Measurements (at least 30
of each spore type) and photographs were made on Reichert microscope with
Canon power Shot S40.

Different combinations each consisting of three fungal isolates, were ino-
culated in Petri plates containing PDA medium. The three isolates were inocu-
lated equi-distant from the others in all possible combinations in the same Pe-
tri plates. The cultures grown under laboratory conditions (day light, at 25°C)
were examined after 5 and 10 days of age.

RESULTS AND DISCUSSION

Colony characteristics of all isolates varied (Table 1). The colonies were
very regular in growth with either dense aerial mycelium MPH2, MPPS and
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MPR, or sparse MPH1. Only MPS isolate had colony, which grew in sectors
compact and aerial, irregular in growth. Colony colour, which to some extent
indicates the production of aleuriospores, varied from white MPS to dark
brown MPPS (Table 1).

Tab. 1 — Some morphological characteristics of isolates of Mycogone perniciosa

Isolates Colony tipe
Colony

size
(mm)

Hyphae
max-min
mostly
(µm)

Phyalospores
max-min

mostly (µm)

Aleuriospores Upper cell
(max-min, mostly)

Lower cell
(max-min mostly)

(µm)

MPS

white, growth in
sectors, compact and
aerial mycelium,
irregular growth

75x76x77 4—8
6

2x6—6x18
2x12

12x16—22x24
(18x20)

6x10—10x18
(10x14)

MPPS
dark brown, with
white edge, aerial
mycelium

68x69x68 3,75—5
3,75

3,75x12,50 —
5x18,75

3,75x12,50

15x17,50—21,25x23,75
(18,75x20)

7,50x11,25—13,75x15
(10x13,75)

MPR
light brown, with
white edge, aerial
mycelium

70x50x76 2,50—5
3,75

3,75x7,50 —
3,75x11,25
3,75x12,50

12,50x17,50—23,75x25
(18,75x21,25)

7,50x10—12,50x13,75
(12,50x12,50)

MPH1 white, supstrate
mycelium 74x70x74 2,50—5

3,75

2,50x7,50 —
2,50x13,75
2,50x11,25

12,50x13,75—22,50x22,50
(20x20)

6,25x6,25—15x17,50
(10x10)

MPH2
amber brown, with
white edge, aerial
mycelium

80x80x79 2,50—5
3,75

2,50x7,50 —
3,75x14

3,75x12,50

15x17,50—22x22
(18,75x20)

6,25x8,75—12,5x17,50
(8,25x11,25)

Growth rates and sizes of the colonies of all isolates were similar (Table
1). All isolates produced both phialospores and aleuriospores. The most inten-
sive sporulation was detected in MPPS and MPR, then in MPH2, and the
lowest intensity was in MPS and MPH1. Phialospores size varied within the
range 2x12 mm (MPS) — 5x18,75 mm (MPPS). Aleuriospores varied within
the range 23,75 x 25 mm (MPR) to 12,50 x 13,75 mm (MPH1) for the upper
cell, and 10 x 18 mm (MPS) to 6,25 x 6,25 mm (MPH1) for the lower cell
(Table 1). Our isolates of M. perniciosa came from mushroom farms from Ser-
bia, Bosnia and Herzegovina and Holland but differences between them were
not so obvious when compared to the other literature data (G r a y and M o r -
g a n - J o n e s, 1980; U m a r et al., 2000; S h a r m a and K u m a r, 2000
and P o t o å n i k, 2006). In contrast to the data of S m i t h (1924), A t k i n s
and L a T o u c h e (1948), H s u and H a n (1981) and F l e t c h e r et al.
(1995) which reported two-cell phialospores, we could not find this form in
our isolates.

A l b o u y and L a p i e r r e (1972) and F l e t c h e r et al. (1995) found
that some pathogenic strains of M. perniciosa, which were slow-growing on
agar, were highly pigmented and produced numerous aleuriospores. Other
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were weakly pathogenic, producing much vegetative growth and little pigmen-
tation. The slow-growing forms were found to contain numerous virus like
particles.

We observed interactions between all tested isolates after 10 days. There
were several types of interaction: detaining of growth at the site of contact
without visible changes, overgrowth of mycelium of one isolate and demarca-
tion lines between the isolates (Table 2). According to the morpho-physiologi-
cal characteristics and hyphal interferences of five M. perniciosa isolates, the
isolates from Serbia were similar; the isolates from Holand showed mutually
similar characteristics, but they were different from the isolates from Serbia.
Isolate from Bosnia and Herzegovina was different from these two groups
(Figure 1—4).

Tab. 2 — Interactions appearing between colonies of isolates of Mycogone perniciosa

Izolat MPH2 MPH1 MPR MPPS MPS

MPS
detaining of

growth at the
site of contact

overgrowth
of mycelium

demarcation
line 4—5 mm

demarcation
line

detaining of
growth at the
site of contact

MPPS
detaining of

growth at the
site of contact

detaining of
growth at the
site of contact

demarcation
line

demarcation
line

MPR
detaining of

growth at the
site of contact

overgrowth
of mycelium

detaining of
growth at the
site of contact

MPH1 overgrowth of
mycelium

overgrowth
of mycelium

MPH2
detaining of

growth at the
site of contact

Earlier investigations of hyphal interference phenomenon on other fungal
species showed different interspecies interaction. As demonstrated previously
( F r a n i ã - M i h a j l o v i ã et al., 1996), the isolates of Diaporthe/Phomopsis
known for their extremely phytopathogenic potential, showed different reac-
tions during the investigation of hyphal interference. Demarcation lines were
formed between the isolates which originated from one plant. Formation of the
lines between the colonies of the same morphological group of isolates was
named as inter-species antagonism by B r a y f o r d (1990 a, b). Phenomenon
of demarcation line formation results from the incompatibility between geneti-
cally different colonies. On the basis of comparison of interactions between
the different isolates M. perniciosa, we can conclude that these belong to dif-
ferent groups. Genetical difference between these isolates based on molecu-
lar-genetic characteristics (G l a m o å l i j a, 2006), supports such a conclusion.
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IZOLATA MYCOGONE PERNICIOSA (MAGNUS) DELACR.
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Rezime

Mycogone perniciosa (Magnus) Delacr., izazivaå oboqewa mokre truleÿi,
najåešãi je uzroånik gubitaka u gajilištima Agaricus bisporus Lange (Imb) u Sr-
biji. Izvršena je izolacija i identifikacija 5 izolata M. perniciosa sa obole-
lih plodonosnih tela šampiwona iz gajilišta u Srbiji, Bosni i Hercegovini
i Holandiji. Ispitivane su morfo-fiziološke karakteristike kao i stepen
srodnosti prouåavanih izolata na osnovu analize meðusobnog delovawa koloni-
ja, odnosno korišãewem fenomena hifalne interferencije. Makroskopska i
mikroskopska istraÿivawa odnosa izolata i dobijeni rezultati ukazuju da hi-
falna interferencija moÿe predstavqati dodatni parametar u razlikovawu
izolata M. perniciosa. Izolati dobijeni iz gajilišta u Srbiji sliåni su meðu-
sobno, kao i izolati iz Holandije koji su pokazali meðusobnu sliånost ali se
razlikuju od prethodnih. Izolati iz Bosne i Hercegovine razlikovali su se i
od srpskih i od holandskih.
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CHARACTERISTICS OF LOCAL PULMONARY
RESPONSE FOLLOWING INTRANASAL APPLICATION

OF ASPERGILLUS FUMIGATUS CONIDIA

ABSTRACT: In this study, histopathology of local pulmonary response following in-
tranasal inoculation of different doses of Aspergillus fumigatus conidia in laboratory rats
was evaluated. Development of response was evaluated on days seven and twenty one,
following conidia inoculation by cell infiltration and by presence of A. fumigatus conidia in
homogenates of lung tissue. Total and differential peripheral blood leukocyte counts and
state of leukocyte adhesion/aggregation were monitored to estimate the presence of systemic
response in infected individuals. Mycological examination revealed the presence of conidia
in lung tissue homogenates of infected animals, with high number of non-germinating spo-
res on day twenty one, following the inoculation of lower conidia dose. Histopathological
examination revealed the presence of lymphocytes perivascularly and in vascular lumen in
the lungs. Presented data demonstrate pulmonary immune response following A. fumigatus

conidia administration.
KEY WORDS: Aspergillus fumigatus, histopatology, laboratory rats, lung homogena-

tes, lungs, lymphocytes

INTRODUCTION

The genus Aspergillus includes more than 200 species, which are abun-
dant in every region in the world. Aspergillus can be differentiated from other
fungi by the presence of thin, parallel walls, dichotomous branching, septate
hyphae, and characteristic conidiophores. The most species of Aspergillus
cause infections/diseases (aspergilloses), but 90% of aspergillosis are caused
by opportunistic fungi Aspergillus fumigatus (L a t g e, J. P., 1999). A. fumiga-
tus has conidia 2—3 mm in diameter which enter the respiratory tract by inha-
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lation and reach distal alveoli (the lungs are the most common site of infec-
tion).

Pulmonary aspergillosis is the most common and involves allergic bron-
chopulmonary aspergillosis, aspergilloma and invasive pulmonary aspergillosis
(S h i b u y a, K. et al., 2004). As manifestations of the infection depend on
host's immune response, the increase in numbers of immunocompromised and
susceptible hosts fueled interest in aspergillosis. The interaction between weak-
ened defense mechanisms and pathogenic conidia of A. fumigatus cause pul-
monary lesions. A. fumigatus is not pathogenic in immunocompetent indivi-
duals, where innate immunity is considered as the main defense against this
fungus (R o m a n i, L., 2004).

In almost all investigations of A. fumigatus infections and aspergillosis,
immunocompromised/immune suppressed animals were used. The aim of this
study is to get the initial data about local host lung immune response in a mo-
del of experimental pulmonary infection in apparently healthy, immunocompe-
tent rats. With this aim, local pulmonary response to intranasal inoculation of
A. fumigatus conidia was evaluated by histological evaluation and by determi-
ning the number of germinating spores in lung tissue homogenates. The state
of peripheral blood leukocytes was evaluated to monitor the presence of syste-
mic response.

MATERIALS AND METODS

Conventionally housed Dark Agouti (DA) male rats, bred at the Institute
for Biological Research “Siniša Stankoviã" were used. Animal treatment has
been carried out in adherence with the Ethical Comittee of Institute for Biolo-
gical Research “Siniša Stankoviã".

Human isolate A. fumigatus Fresenius (Institute of Public Health of Ser-
bia “Dr Milan Jovanoviã Batut") was subcultured on standard mycology slant.
Inoculum was prepared by flooding the surface of agar slants with sterile
0,85% of NaCl/0,1% of Tween 80. The suspension containing 106 and 107 co-
nidia was applied intranasally, which reflects the natural route of Aspergillus
infection in humans. The animals were assigned to two groups and sacrificed
on days 7 and 21, following the inoculation.

Blood was collected (in citrate buffer 1:5 as anticoagulant) for counting
peripheral blood leukocytes and leukocyte adhesion/aggregation assay (LAA).
Cell counts were performed by differentiating 500 cells from blood smears
stained with May-Grünwald-Giemsa.

Following exsanguination lung lobes were removed. One of the lobes was
fixed in 4% of buffered formaline (pH 6.9), embedded in paraffin and 5mm
sections were stained with hematoxylin and eosin for histopathological exa-
mination. The other was homogenized (in 1ml PBS/PMSF) in order to check
the presence of Aspergillus by standard mycological identification method (Sa-
bouraud Maltose Agar, SMA, medium) and micromycete identification. Homo-
genates were prepared in PBS (1:1 and 1:2) and seeded on solid (SMA) and
liquid medium for quantitation of germinating and non-germinating spores.
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Statistical evaluation of the data was performed using the Student's t-test.
P values less than 0.05 were considered significant.

RESULTS

In this study, histological data revealed the presence of local pulmonary
response 7 days after the inoculation at both doses: predominance of lympho-
cytes perivascularly and in vascular lumen with increased bronchial secretion
and tickened intersticium. No histologically evident changes were noted 21
days following the inoculation. Histopathological changes in lungs were pre-
sented in Figure 1.

Application of A. fumigatus led to increased, but not statistically signifi-
cant dose dependent on peripheral blood leukocyte activity (adhesion and ag-
gregation) 7 days following the inoculation. No such changes were noted on
day 21 following the infection. There were no differences in total and differen-
tial peripheral blood leukocyte numbers between the control and the inoculated
animals.

Mycological evaluation of lung homogenates documented the presence of
both germinating and non-germinating spores of A. fumigatus in all rats,
excluding the controls. On day seven, significant number of non-germinating
spores was noted at both applied doses of conidia (Figure 2). On day 21, num-
bers of non-germinating conidia increased further in group of animals which
received 106 conidia, while rise in germinating spores was noted in individuals
challenged with 107 conidia.
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Fig. 1 — Histological picture of lungs from rats following application of 107 spores of
A. fumigatus (A) and healthy (immunocompetent) animal (B)



DISCUSSION

The increased number of non-germinating spores, on day seven, in lung
homogenates at both conidia doses, and on day 21 at lower dose, could be
explained by the presence of lymphocytes in cell infiltrate in lungs and their
activity in situ. The presence of increased number of germinating conidia at
higher dose on day 21 reflects, presumably, the capacity of small fraction of
spores to germinate later in lung microenvironment. Investigation of possibility
to over-ride local immune mechanisms deserves future attention.

Although no quantitative changes were noted in peripheral blood leu-
kocytes, qualitative changes were noted. Increased state of leukocyte aggrega-
tion/adhesion (LAA) suggest that local leukocyte lung response was accompa-
nied by systemic response as well.

CONCLUSION

The presented data demonstrated histologically evident lung immune re-
sponse following intranasal A. fumigatus conidia inoculation. This response is
a possible mechanism of decreased numbers of germinating conidia at lower
applied conidia dose.
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Fig. 2 — Number of spores in lung homogenates on Sabouraud Maltose Agar medium 7
and 21 days following A. fumigatus inoculation
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Rezime

Aspergillus fumigatus je oportunistiåka gqiva koja najåešãe dovodi do pul-
monarnih aspergiloza kod imunokompromitovanih organizama. U ovom radu su
prikazani rezultati istraÿivawa izazivawa infekcije aspergilusom kod paco-
va. U ciqu dobijawa podataka o prisustvu i karakteristikama lokalnog infla-
matornog odgovora u pluãima odreðen je diferencijalni sastav leukocita peri-
ferne krvi i testirana je wihova aktivnost, izvršeni su histopatološki pre-
gled pluãa i provera prisustva spora A. fumigatus u homogenatima pluãa. Naši
podaci su pokazali prisustvo lokalnog odgovora u pluãima posle 7 dana, dok
podaci dobijeni posle 21 dan ne pokazuju znaåajne razlike u odnosu na kontrol-
nu grupu. Poveãani broj neklijajuãih spora u homogenatu pluãa sedmog dana na-
kon inokulacije moÿe da se objasni prisustvom limfocitnog infiltrata u
pluãima i aktivnošãu limfocita in situ. Poveãan broj klijajuãih spora 21. da-
na nakon inokulacije moÿe da bude posledica kapaciteta malog broja preosta-
lih spora da klijaju.
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EXPERIMENTALLY INDUCED DERMATOMYCOSES
AT RATS AND TREATMENT WITH

LAVANDULA ANGUSTIFOLIA ESSENTIAL OIL

ABSTRACT: The in vivo evaluation of antifungal activity of the Lavandula angusti-
folia essential oil was made on two-month old male Wistar rats. We examined the therape-
utic potency against experimentally induced dermatomycoses in rats, using the most fre-
quent dermatomycetes, Trichophyton mentagrophytes. The therapeutic efficacy of 1% solu-
tion of essential oil as well as commercial preparation-bifonazole, was evaluated. During
the 13-day observation period the oil-treated animals were cured completely.

KEY WORDS: essential oil, Lavandula angustifolia, Dermatomycetes, antufungal
activity

INTRODUCTION

During the past several years numerous antifungal agents have been for-
mulated and evaluated for use in the management of fungal infections (R y a n,
1994). The emerging resistance of microorganisms to some synthetic antibio-
tics makes it necessary to continue the search for new antimicrobial substan-
ces. With the increasing acceptance of traditional medicine as an alternative
form of health care, the searching for active compounds in medicinal plants
became very important. Human infection diseases have been markedly increa-
sing during the past ten years, especially in immunocompromised patients.
Consequently, as high as 10% percent of hospital acquired systemic infections
are caused by fungi.
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The increasing resistance of human pathogens to current commercial
drugs is a serious medical problem, and has resulted in the need for novel anti-
microbial agents.

Natural products derived from plants have traditionally been used in
ethnomedicine. In Western medicine, substances derived from higher plants
constitute ca. 25% of prescribed medicines and 74% of the 121 bioactive
plant-derived compounds currently in worldwide use, which were identified
via research based on leads from ethnomedicine (S o k m e n et al., 1999). Re-
cent researches showed that higher plants may serve as promising sources of
novel antimycotics with no side effects on human and animals (C l a r k and
H u f f o r d, 1993). Essential oils play a great role in these investigations. Stu-
dies over the last hundred years have demonstrated the antimicrobial properties
of several common spice oils (B u l l e r m a n et al., 1977). M a r u z z e l a
and B a l t e r (1959) found that 100 essential oils out of 119 spice oils, tested,
possessed an antagonist effect an at least one of 12 pathogenic fungi, and 50
of these samples showed a wide spectrum of activities against all fungi tested.

The purpose of this study was to investigate Lavandula angustifolia es-
sential oil for potential antifungal activity. The selection of the plant for evalu-
ation was based on traditional use of this plant in treatment of various infec-
tion diseases (J a n å i ã et al., 1995; K o v a å e v i ã, 2000).

MATERIAL AND METHODS

Plant material

Lavandula angustifolia was collected during May in 1999 at the fields of
the Institute for Medicinal Plant Research in Panåevo, Belgrade, Serbia. Vou-
cher specimens (No. 04071970 and 25072) were deposited in the Herbarium of
Institute of Botany and Botanical Garden “Jevremovac", University of Bel-
grade.

Isolation of essential oils

Composition of essential oils was investigated using analytical GC/FID
and GC/MS techniques. For this purpose, HP 5890 series II gas chromato-
graph, equipped with split-splitless injector, fused silica capillary column (25
m x 0.32 mm), coated with cross-linked methyl silicone gum (0.5 mm film
tickness), and FID was employed. Essential oil solutions in ethanol (1%) were
injected in split mode (1:30). Injector was heated at 250°C, FID at 300°C,
while column temperature was linearly programmed from 40—280°C (4°C/min).

GC/MS analysis was carried out on a HP-GCD, equipped with split-split-
less injector, fused silica capillary column (50 m x 0.2 mm) PONA, coated
with cross-linked methyl silicone gum (0.5 mm film tickness) and mass selec-
tive detector. The chromatographic conditions were as above. Transfer line
(MSD) was heated at 280°C. EMS spectra (70 eV) were acquired in scan
mode in m/e range 40—300.
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The identification of individual constituents was carried out by compari-
son of their retention times with those of analytical standards, and by compu-
ter searching, matching the mass spectral data with those held in Wiley/NBS
library of mass spectra. For quantification purposes area percent reports obtai-
ned by FID were used.

Bioassays

Toxicology: in order to determine the non toxic concentration of the es-
sential oil investigated, we used male Wistar rats (17—24 g). 0.5 ml of pre-
pared stock solution of essential oil, and a component diluted in ethanol
(0.01—1% v/v) were injected intraperitoneal in male Wistar rats (Pharmaco-
pea Jugoslavica, 1984). The concentration which was not toxic for the animals
investigated, was used for further investigation.

Animals. Two-month-old male Wistar rats were maintained at 21°C, and
were allowed access to feed and water ad libitum.

In vivo Fungitoxicity Assay. The in vivo investigation of antifungal acti-
vity of Lavandula angustifolia essential oil was made according to A d a m et
al., (1998). We used Trychophyton mentagrophytes as an infectious agent. The
organism was isolated from patients at the Center for Preventive Medicine,
MMA, Belgrade, Serbia.

The micromycetes were maintained on Sabouraud Dextrose Agar (SDA),
containing 40 g of glucose, 10 g of agar and 10 g of peptone in 1 l of distil-
late H2O. The cultures were stored at +4°C, and subcultured once a month
( B o o t h, 1971).

On the back of each animal, the areas of 4 cm2 were cleaned and depila-
ted. The infectious inoculum was prepared from a 7-day-old culture of Trycho-
phyton mentagrophytes. The inoculum was applied on the animals' back im-
mediately after the depilation and left for 3 days. The establishment of active
infection was confirmed on the 4th day, by isolation of the pathogens from
skin scales cultured from infected loci on SDA plates, containing 100 units/ml
of penicillin and streptomycin. Infections were, also, confirmed by visual
examination of animals. In the animals in which active infections were confir-
med, treatment was initiated on the 5th day post inoculation and continued
until complete recovery from the infection was achieved. The ointments con-
tained 1% (v/v) of essential oil and component mixed in petroleum jelly. The
commercial fungicide, bifonazole, was used as a control. Animals were treated
once a day, and the infected areas were scored visually for inflammation and
scaling as, well as for the presence of the pathogens by cultivating skin scales
from infected loci in SDA plates containing 100 units/ml of penicillin and
streptomycin, each day.

RESULTS AND DISCUSSION

The qualitative and quantitative composition of the essential oils of La-
vandula angustifolia was presented in Table 1. The essential oil is characteri-
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zed with high content of linalool (27.21%) and linalool acetate (27.54%),
while limonene is presented with 8.5%.

Tab. 1 — Chemical composition of Lavandula angustifolia essential oil

Components % RI

tricyclene 0.04 301
�-thujene 0.58 307
�-pinene 0.19 319
p-cymene 0.25 471
limonene 8.50 481
1,8-cineole 3.34 485
cis-linalool oxide 2.44 574
camphenylon — 594
fenchon 0.59 605
linalool 27.21 632
endo-fenchol 0.09 664
camphor 1.07 734
borneol 2.51 789
terpine-4-ol 2.09 820
p-cimene-8-ol — 837
�-terpineol 4.30 852
myrtenal — 864
fenchyl acetate — 930
carvon — 984
linalool acetate 27.54 1023
bornyl acetate 0.06 1099
lavandulyl acetate 6.54 1111
trans-pinokarvyl acetate 0.16 1135
neryl acetate 2.02 1303
geranyl acetate 2.95 1352
�-selinene — 1608
�-cadinene — 1700
viridiphlorol — 1859

Total 97.47

* In elution order on DB-5 column (6)

The essential oil was tested for its potential toxicological activity in 0.1%
and 1% (v/v) solutions in ethanol and petroleum jelly, separately. There is no
toxicological activity for 0.1% solutions on the rats. However, in this work the
animals were treated topically, and according to the literature (A d a m et al.,
1998), for further investigation 1% solutions were used.

The therapeutic efficacy of the ointments was evaluated daily by macro-
scopic examination of lesions, and by screening for the presence of the infec-
tions by culturing skin scales from the infected area. The lesions were treated
as cured only when the infected area was free of macroscopic lesions, and
when the cultures were negative.

First symptoms (small vesicles) at the rats inoculated with T. menta-

grophytes were observed on the 5th day of the experiment, while, later (8th

day), these were exhibiting in bloody wounds, 20 mm in diameter. We started
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with the treatment on the 5th day of the experiment. On the 13th day of the tre-
atment with solution of L. angustifolia essential oil, the rats were completely
cured, there were no visually observed symptoms and the cultures were nega-
tive. Animals treated with the commercial drug, bifonazole, were cured after
15 days of treatment.

During the 13-day observation period the treated animals were cured
completely. It should be noted that in many cases macroscopic lesions disap-
peared long before the elimination of the infectious agent, indicating that long
treatment periods of application and evaluation are necessary (A d a m et al.,
1998). It is normal because dermatomycetes infections typically resolve on
their own over a variable time period (18 months to 4 years) depending on the
immune response. Many of dermatomycetes rarely cause strong inflammatory
reactions, making it very difficult for the immune system to recognize and eli-
minate the fungus.

The animals treated with the commercial drug, bifonazole, were cured
after 15 days of treatment.

From the above results it can be concluded that essential oil of Lavandula
angustifolia has a good therapeutic and antifungal effect in vivo, and could re-
present possible alternative for the treatment of patients infected by derma-
tomycetes. Even more, because of the side effects of commercial fungicides
and possible resistance of pathogens to the synthetic mycotics, the preparation
with natural products has an advantage in the treatment of disseases caused by
fungi.

ACKNOWLEDGMENTS

This study was supported by the Ministry of Science and Environmental
protection, Grant# 143041.

REFERENCES

A d a m, K., S i v r o p o u l u, A., K o k k i n i, S., L a n a r a s, T. and A r s e n a k i s,
M. (1998): Antifungal Activities of Origanum vulgare subsp. hirtum, Mentha spi-

cata, Lavandula angustifolia and Salvia fruticosa Essential Oils against Human

Pathogenic Fungi, J. Agricul. Food Chemistry, 46, 1739—1745.
B o o t h, C. (1971): Fungal Culture Media, In: J. R. Norris and D. W. Ribbons (Eds.),

Methods in Microbiology, IV, 49—94. Academic Press, London & New York.
B u l l e r m a n, L. B., L i e u, Y. and S e i e r, S. A. (1977): Inhibition of growth and

aflatoxin production by cinnarnon and clove oils, cinamic aldehyde and eugenol,
Journal of Food Science, 42, 1107—1109.

C l a r k, A. M. and H u f f o r d, C. D. (1993): Discovery and development of novel

prototype antibiotics for opportunistic infections related to acquired immunodefi-

ciency syndrome. In: D. A. Kinghorn and F. M. Balandrin (Eds.), Human medici-

nal agents from plants, Acs Symposium series 534, American Chemical Society,
Washington.

J a n å i ã, R., S t o š i ã, D., M i m i c a - Ð u k i ã, N. and L a k u š i ã, B. (1995): Aro-

matiåne biljke Srbije, Deåje novine, Beograd—Gornji Milanovac.

253



K o v a å e v i ã, N (2000): Osnovi farmakologije, MUM, Beograd, 243—245.
M a r u z z e l a, J. C. and B a l t e r, J. (1959): The action of essential oils on phyto-

pathogenic fungi, Plant Diseases Report, 43, 1143—1147.
Pharmacopea Jugoslavica (1984): Investigation of non-toxic compounds, Belgrade, Fe-

deral Office for Health Protection 4 (1): 152.
R y a n, J. K. (1994): Medical Microbiology. An Introduction to Infectious Diseases, III,

Appleton and Lange, Norwaik, Connecticut, 571—615.
S o k m e n, A., J o n e s, M. B., E r t u r k, M. (1999): The in vivo antibacterial activity

of Turkish medicinal plants, Journal of Ethnopharmacology, 67, 79—86.

EKSPERIMENTALNO INDUKOVANA DERMATOMIKOZA KOD PACOVA
I TRETMAN ETARSKIM UQEM LAVADULA ANGUSTIFOLIA

Marina D. Sokoviã1*, Jasmina M. Glamoålija1,
Petar D. Marin2, Dejan D. Brkiã3, Jelena B. Vukojeviã2,

Dragutin Jovanoviã4, Nina Bulajiã4, Dragan S. Kataranovski1

1 Institut za biološka istraÿivawa „Siniša Stankoviã",
Bulevar despota Stefana 142, Beograd, Srbija
2 Institut za botaniku, Biološki fakultet,

Univerzitet u Beogradu, Takovska 43, Beograd, Srbija
3 Johnson & Johnson S.E., Bulevar Mihajla Pupina 10B/1, Beograd, Srbija

4 Centar za preventivnu medicinu, Vojno-medicinska akademija,
Beograd, Srbija

Rezime

Infekcije qudi uzrokovane gqivama su u znatnom porastu u posledwih 10
godina, posebno kod imunokompromitovanih pacijenata. Åak 10% infekcija kod
hospitalizovanih pacijenata izazvano je gqivama. S obzirom da je pojava rezi-
stencije na komercijalne fungicide uåestala, javqa se potreba za novim alter-
nativnim antifungalnim agensima. Prirodni produkti dobijaju sve veãi znaåaj
u tretmanu infektivnih oboqewa zbog svog netoksiånog karaktera, visoke bio-
degradibilnosti i efikasnosti. Etarska uqa izolovana iz biqaka pokazuju veo-
ma dobru antimikrobnu aktivnost.

Eksperimentalna dermatomikoza kod Wistar pacova u ovom radu izazvana je
dermatomicetom Trichophyton mentagrophytes. Prvi simptomi pojavili su se na-
kon 5 dana od inokulacije. Tremtan etarskim uqem vrste Lavandula angustifolia,
1% rastvorom poåeo je odmah nakon pojave prvih simptoma. Poboqšawe simp-
toma primeãeno je nakon dva dana tretmana, a posle 13 dana od poåetka tretmana
ÿivotiwe su u potpunosti izleåene, na SDA podlogama nije bilo zabeleÿeno
prisustvo patogena. Bifonazol je doveo do izleåewa nakon 15 dana tretmana.
Etarsko uqe Lavandula angustifolia pokazalo je izuzetno jak antifungalni poten-
cijal u tretmanu eksperimentalno indukovane dermatomikoze kod pacova, boqe
od komercijalnog mikotika, bifonazola, koji je korišãen kao pozitivna kon-
trola.
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EXPERIMENTALLY INDUCED INVASIVE
ASPERGILLOSIS IN MICE

ABSTRACT: In this study systemic response to intravenous administration of Asper-
gillus fumigatus conidia was investigated. The intensity of response was evaluated by a sur-
vival rate and by histopathological tissue analysis. Administration of all doses (106 —
5x107) of Aspergillus fumigatus conidia caused mortality, but the highest mortality and the
shorter time of survival were noted at higher doses applied. At the highest applied dose, the
presence of spores and hyphae was noted in lungs and kidneys. Histological analysis revea-
led the presence of intense inflammatory reaction in lungs, kidneys and spleen. Functional
and histological changes observed provide means to study both mechanisms and drug inter-
ventions in systemic Aspergillus infection.

KEY WORDS: Aspergillus fumigatus, mice, systemic aspergillosis, urinary obstruction

INTRODUCTION

Species of genus Aspergillus are representatives of saprophytic filamento-
us fungi found in most environments. The most common species of Aspergil-
lus causing invasive diseases include A. fumigatus, A. flavus, A. niger, A. cla-
vatus, A. glaucans, A. nidulans, A. terreus and A. versicolor. Aspergillus sp. is
weak pathogen, but might cause a disease in an immunocompromised host.
Aspergillosis comprises a variety of infection, manifestation including invasive
aspergillosis, pulmonary aspergilloma and allergic bronchopulmonary aspergil-
losis (D e n n i n g, 1998). Diseases that cause A. fumigatus are very difficult to
diagnose, because the most diagnostic features are not specific, and patients
are usually asymptomatic.

Animal experimental models offer an approach for Aspergillus infection
studies. By using animal individuals, with defenses impaired by glucocorti-
coids, cyclophosphamide etc. (immunosupressed animals), valuable informa-
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tion concerning pathogenesis of Aspergillus infections was obtained. Studies
on immunocompetent hosts, on the other hand enable investigations of the
mechanisms of resistance to Aspergillus.

In this study we investigated a response to systemically applied A. fumi-
gatus conidia. With this aim, survival and histopathology of distinct organs
were analyzed, following the intravenous injection of conidia.

MATERIALS AND METHODS

Conventionally housed female C57BL/6 mice, eight to twelve weeks old,
are used in the experiments. Animals were housed under constant conditions
(temperature 19—21°C, daily-night rhythm 12 h), with food and water ad libi-
tum. The experiments were conducted with adherence to Ethical Committee of
Institute for Biological Research “Siniša Stankoviã".

A. fumigatus, human isolate, from the Institute of public health of Serbia
“Dr Milan Jovanoviã Batut" was subcultured on standard mycological slants
( B o o t h, 1971). Inoculum was prepared by flooding the surface of agar
slants with sterile 0,85% NaCl with 0,1% Tween 80. The suspension of spores
was prepared in apyrogenic sterile physiological saline and doses of 1x106,
1x107 and 5x107 conidia were applied intravenously into each mouse. The con-
trol mice received saline solely.

Animals were inspected two times a day. All mice were observed for a
total 14 days after the infection. Mice that survived until the day 14, were
euthanized.

Presence of fungi in organism of mice was established by histological
analyses. Tissue specimens were fixed in 4% formalin (pH 6, 9). Fixed ma-
terial was dehydrated in graded ethanol series. Material is then embedded in
paraffin at 57°C. Sections 5 mm thick, were stained with hematoxylin-eosin
(H & E).

Specific gravity, protein and haemoglobin content in urine were determi-
nated by test strips Combur10 Test®M (Roche Diagnostics GmbH, Germany) as
parameters of renal function.

Results were statistically processed by Mann-Whitney U test. As signifi-
cant was considered p < 0,05.

RESULTS AND DISCUSSION

All doses of applied conidia induced mortality in experimental animals.
Mortality rate was proportional to the injected inoculum. Inoculation of 1x106

and 1x107 conidia per mouse caused mortality in 40 and 60% of mice respec-
tively. Dose of 5x107 conidia caused mortality in all treated animals, by day
five following inoculation (Figure 1). Higher doses also reduced time of survi-
val (the higher dose, the shorter time of survival). Mortality/survival data are
in accordance with the study showing high mortality at the dose of 107 of in-
fected immunocompetent mice (C e n c i et al., 1997).
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Presence of infection was assessed by observation of animal prostration.
Pronounced hypodynamic state and piloerection were noted in infected mice,
in accordance with the data from the studies of invasive aspergillosis in mice
( D u o n g et al., 1998). Mice in hypodynamic state died shortly after these
signs appeared.

Histological data revealed the presence of inflammatory pulmonary re-
sponse (presence of lymphocytes in peribronchial and/or perivascular sites) in
all experimental groups. Microabsceses were noted in lungs, liver, kidneys and
spleen of animals. In animals which received the highest dose the presence of
conidia and hyphae in lungs and kidneys was noted.

Renal aspergillosis, at highest dose was accompanied with compromised
renal function as judged by the changes in selected urinary parameters (Figure
2). In all control individuals, specific gravity values were 1,015 (test strips va-
lues ranged from 1,000 to 1,030). In 62% of treated mice, this value was
1,030, and in the rest value of 1,025 was detected. Difference between the
control and treated groups is statisticaly significant (p = 0,0066). Significantly
increased haemoglobinuria (p = 0,023), and a tendency of increase in urine
protein content (p = 0,089), were noted in treated individuals. Renal dis-
function observed in these animals, is in agreement with the studies which
showed that kidneys are the primary target organs for intravenous A. fumigatus

infection (L a t g e, 1999) in animals and humans, and with reports which de-
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Fig. 1 — Survival curve (A1 — mice inoculated with 1x106 conidia of A. fumigatus;
A2 — mice inoculated with 1x107 conidia; A3 — mice inoculated with 5x107 conidia)



monstrated urinary obstruction as a consequence of renal infection detected in
humans (D e M e d e i r o s, 1999; B i s i, 2003).

CONCLUSION

In conclusion, presented data demonstrated both functional and histologi-
cal changes in organs of mice following systemic application of A. fumigatus.
This model might provide means to study mechanisms of invasive aspergillo-
sis, as well as drug testing in prelinical trials.
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Rezime

Aspergillus fumigatus je oportunistiåka gqiva koja se moÿe naãi u svim sre-
dinama. Oportunistiåke gqive prouzrokuju pojavu bolesti kod imunokompromi-
tovanih osoba, odnosno kod osoba sa oslabqenim imunskim sistemom. Najåešãe
bolesti koje izaziva A. fumigatus su: pluãna aspergiloza, aspergilomi i alergij-
ska bronhopulmonarna aspergiloza. Ove bolesti su teške za dijagnozu jer su
simptomi nespecifiåni.

Intravenska aplikacija konidija Aspergillus fumigatus izaziva promene u
preÿivqavawu i ponašawu ÿivotiwa. Sa poveãawem koncentracije konidija
smawuje se vreme preÿivqavawa. Najveãa aplikovana doza (5h107 conidija) dovo-
di do uginuãa svih ÿivotiwa do petog dana nakon inokulacije. Inficirane ÿi-
votiwe karakterišu promene u ponašawu (akinezija, atonija) i piloerekcija.

Histološkom analizom je pokazano prisustvo intenzivne zapaqewske re-
akcije u pluãima, bubrezima i slezini tretiranih jedinki, kao i prisustvo
spora i hifa u bubrezima i pluãima jedinki koje su primile najveãu dozu A. Fu-
migatus. Kod ovih jedinki zapaÿen je i poremeãaj bubreÿne funkcije na osnovu
promena u specifiånoj teÿini urina, pH vrednosti, prisustvu proteinurije i
hemoglobinurije.
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PRESENCE AND IMPORTANCE OF SAPROPHYTE
FUNGAL ORGANISMS ON DOG SKIN

ABSTRACT: Dogs are animals that are most often kept as pets in the cities. Their
health problem may be the cause of infections of humans and animals. Skin changes and
etiology factors present important segment of the diseases that disturb health of the pets.

The objective of this work was mycology examination of scarifications and skin
swabs from dogs with clinical symptoms. The aim was to find out which fungi species can
be isolated from the changed parts of the skin, and whether is possible that, besides
dermatophyte, saprophyte fungi from the environment may also be the cause of the chan-
ges, and to reveal their effect on the host.

During a one year period, 67 swabs and scarifications from dogs were examined to
detect the presence of fungi. The samples were streaked on Sabourdaud's dextrose agar and
incubated for 10—21 days at 25°C. In microscopis examination according to their shape,
and color, the colonies were identified as conidia, macroconidia and conidiaophora.

From 59, of total 67 samples, the following saprophyte fungi were isolated: Aspergil-
lus sp., Penicillium sp., Alternaria sp., Mucor sp. and Fusarium sp. Occurrence of these
fungi means that a considerable increase of this microbiological flora may be expected in
homes of the owners. This may be the cause of systemic mycosis and allergies in animals
and humans, as well as a possibility of contaminated food and incidence of mycotoxicosis.

KEY WORDS: fungi, dogs, mycosis, pets

INTRODUCTION

Changes on dog skin are frequent disorders. It is not easy to determine
etiology and therapy. Skin is a large organ. Depending on animal species and
age, it presents 12—24% of body mass (A i e l l o, Susan, 1998, P o p o v i ã,
N., L a z a r e v i ã, M. 1999). Having in mind its size and a manifold role, it
serves as a barrier and protection from the external factors and infective
agents. It helps thermoregulation, produces pigments and vitamin D, contains
receptors of all the senses (P o p o v i ã, N., L a z a r e v i ã, M. 1999). Every
change influences its features and normal functioning. Changes on skin may
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occur as a consequence of different biological agents, bacteria, fungi, parasites
and viruses, but may also be a consequence of allergy, immunology disorders,
endocrine disturbances, inborn diseases, environmental factors and nutritive
deficits (P o p o v i ã, N., L a z a r e v i ã, M. 1999).

Scope of our work was mycology examinations of scarifications and skin
swabs taken from dogs with clinical symptoms. The aim was to determine
what kind of fungi are present on the changed parts of the skin and see
whether, besides dermatophyte, saprophyte fungi from the environment may
also be the cause of changes important for the host.

MATERIAL AND METHODS

The samples originated from the dogs with different on skin changes. Cli-
nical findings proved changes that ranged from dermatitis with amplified pig-
mentation and depigmentation, and to a red color change, petechia and echi-
mosis. Itching, as a clinical finding, was not dominant, but loss of hair on fur
was obvious, and on some parts it was total. There were 67 swabs and dog
scarifications used also for other analyses (C a b a n e s, F. J. et al., 1996). The
samples were streaked on Saboraud dextrose agar and incubated at 25°C for
10—21 days. The colonies were identified on the basis of their shape and co-
lor; in microscopic analyses they were determined as conidia, macroconidia
and conidiaphora (Q u i n n, J. P. et al., 2002).

RESULTS AND DISCUSSION

Presence of dermatophyte was revealed in 11.9% out of 67 examined
samples. The identification proved that there was only one dermatophyte that
belonged to Mycrosporum genius. Saprophyte fungi that do not belong to
dermatophyte, were present in 95.6%. All the data on fungi in the examined
samples are displayed in Table 1.

Tab. 1 — Findings of fungi in the examined sample of swabs and scarifications of dog skin

Isolate No. of examined samples No. of positive samples

Mycrosporum sp. 67 8 (11,94%)
Aspergilus sp. 67 42 (62,69%)
Penicillium sp. 67 40 (59,70%)
Alternaria sp. 67 45 (67,16%)
Mucor sp. 67 38 (56,71%)
Fusarium sp. 67 21 (31,34%)

Percentage of non-dermatophyte fungi was very high in our examination.
They were also isolated in the samples that were dermatophyte positive. The
analyses point out that only 4.4% of pure dermatophyte culture was isolated,
but in all other findings the presence of non-dermatophyte fungi was also de-
termined. Their presence was in some cases dominant, so it was not possible
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to read the results and determine other fungi, among which there could have
also been dermatophyte. According to the data in the paper (J a n d, S. K.,
G u p t a, M. P. 1989) besides dermatophyte, in 10.8% of the cases, non-der-
matophyte fungi were present, and they could be the cause of changes. The
isolated species of non-dermatophyte fungi were similar to our findings (Alter-
naria sp., Penicillium sp., Aspergillus sp., Mucor sp., Cladosporium sp., Fusa-
rium sp.). Our studies show that the incidence of saprophyte fungi on dog skin
is not frequent. However, similar reports in the paper (C a b a n e s, F. J. et al.,
1996) point out that the presence of non-dermatophyte in the samples from
dogs is great and that, depending on the kind of the dog, Penicillium sp. is
present in almost 90%. Findings of Fusarium solani on skin and submucous
nodular changes, reported in the paper (K a n o, R. et al., 2002), and in lesions,
warn of systemic fungi infection and its consequences. Saprophytic fungal or-
ganisms are widely spread in nature, and may be the cause of opportunistic in-
fections of humans and animals. We can find reports (E v a n s. J. et al. 2004)
on incidence of canine meningoencephalitis, caused by Fusarium solani. These
systemic infections, caused by different saprophytic fungal organisms (Fusa-
rium sp., Aspergillus sp.), were noticed even in other animals. The findings
point out on possible consequences of infection with saprophyte fungi.

Undesirable influence of fungi on humans was noticed while examining
the factors (E n r i q u e z P a l o m e c, O. et al., 1997) that provoke allergy. It
was revealed that Candida sp. and Fusarium sp. present predominant etiologic
agents of allergy in the dry season.

Saprophytic fungal organisms, that are widely spread in nature, are in
daily contact with humans and animals. Pets carry them on their skin and in-
crease the possibility of contaminating the homes they live in the influencing
the humans too. Mycotoxins that present metabolic products of these fungi,
may influence the organisms in different ways and cause damages of certain
tissues and organs. This depends on toxins, quantity and time of exposure to
the toxins. The consequences are damages on liver and kidney, damage of im-
mune system and haemapoiesis organs, and carcinogen changes on organs
( K a r a k a š e v i ã, B., 1989). The researchs of reproductive disorders in fe-
male dogs in Poland (G o l i n s k i, P. K., N o w a k, T., 2004) show that
mycotoxins have a potential estrogen effect. It was revealed that dog food con-
tained unsteroid mycotoxins, Zearalenone, whose activity was similar to that
of an estrogen, and caused reproductive disorders in the examined female
dogs, which was manifested in complex pyogenic endometritis (EPC).

CONCLUSION

Saprophytic fungal organisms are present on the changed parts of dog
skin in a very high percentage (95.6%). The findings point out that larger
number of different fungi are present, and that this may have health implica-
tions on both animals, and the owners.

Saprophytic fungi from the soil and the environment may be found on
skin. Due to their specific features, they have negative influence on animal and
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human health and cause system infection. Their products, mycotoxins, in a
long run, exhibit negative effects on the health of all the beings exposed.

Pets in urban environment increase the exposure of humans and animals
to saprophytic fungi organisms and cause health problems. All these facts
should influence the decisions regarding pets and reducing the potential of
risks.
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PRISUSTVO I ZNAÅAJ SAPROFITNIH GQIVICA NA KOŸI PASA

Igor M. Stojanov, Sandra M. Jakšiã, Jasna Z. Prodanov
Nauåni institut za veterinarstvo „Novi Sad", Novi Sad, Srbija

Rezime

Psi spadaju meðu najåešãe gajene ÿivotiwe u gradu i zdravstveni proble-
mi vezani za wih mogu uticati na zdravqe qudi. Promene na koÿi pasa i etio-
loški faktori koji ih izazivaju su vaÿan segment bolesti koje remete zdravqe
ove vrste kuãnih qubimaca.
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Predmet našeg rada su mikološka ispitivawa skarifikata i briseva ko-
ÿe pasa koji su imali kliniåke simptome bolesti. Ciq nam je da utvrdimo koje
se vrste gqivica nalaze na promewenim delovima koÿe psa i da li se, pored
dermatofita, i saprofitne gqivice iz okoline mogu smatrati uzroånikom pro-
mena i kakav je wihov znaåaj za domaãina. U toku godinu dana analizirano je 67
uzoraka briseva i skarifikata koÿe pasa na prisustvo gqivica. Za mikološka
ispitivawa uzeti uzorci su zasejavani na Saburo dekstrozni agar i inkubirani
na 25°S, 10—21 dana. Izrasle kolonije su identifikovane na osnovu wihovog
izgleda i boje, a mikroskopski u odnosu na graðu wihovih konidija, makrokoni-
dija i konidijofora.

Od ukupno 67 analiza kod 59 je utvrðeno prisustvo saprofitnih gqivica i
to: Aspergillus sp., Penicillium sp., Alternaria sp., Mucor sp. i Fusarium sp. Prisu-
stvo ovih vrsta gqivica na koÿi pasa znaåi da se u domovima vlasnika moÿe
oåekivati znaåajno poveãawe ove vrste mikrobiološke flore koje mogu biti
uzroånici sistemskih mikoza i alergijskih reakcija qudi i ÿivotiwa, kao i
moguãi kontaminenti hrane i uzroånici mikotoksikoza.
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TOXIGENIC AND PATHOGENIC FUNGI IN
NORWAY RAT (RATTUS NORVEGICUS BERK., 1769)

FROM NATURAL POPULATIONS IN
SEMIAGRICULTURAL HABITATS

ABSTRACT: In this study, the presence of toxigenic and pathogenic fungi was detec-
ted in individuals of natural populations of Norway rats from semiagricultural habitats. The
presence of fungi was noted in 19 out of 30 (63%) individuals examined. Six fungal species
were isolated and identified, of which majority belonged to Hyphomycetes (Deuteromyco-

tina) and Mucor racemosus from Zygomycotina. All of detected species are of public health
importance and some of them might influence animals health.

KEY WORDS: fungi, lung homogenates, Norway rats, SMA medium

INTRODUCTION

Norway rat is a common pest rodent species with wide distribution (H r -
g o v i ã, V u k i ã e v i ã and K a t a r a n o v s k i, 1991). Rats are synantropic
animals, that live near humans who provide them shelter and food. Owing to
their life style (omnivorous, active whole day, feeding everywhere) wild rat
populations are constantly exposed to various microbe species including viru-
ses, helminths, bacteria and fungi. For many of these microbial agents rodents
are reservoirs and vectors, serving thus as an important indicator of the epi-
zootic and epidemic situation of their living environment (W i n c e w i c z,
2002). While there is considerable knowledge of viral, bacterial and helminth
burden in natural populations of rodents, there are virtually no data regarding
presence of fungal components in animal organisms. Spores of fungi float in
the air, and may be found in different environmental substrates. Fungal spores
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may colonize rodent tissues in contact, establishing biological sources of these
agents. In this way, rodents might act as reservoirs of these agents contributing
to their spreading. Great number of fungal species cause diseases known as
mycoses and mycotoxicosis. Presence of fungi and their metabolic products,
mycotoxins, in foods and grains contaminated by rat excrements, presents a
potential hazard to human and animal health (B u s b y and W o g a n, 1986).

Having in mind the potential of rodents to serve as fungal reservoirs and
subjects of fungal components spreading, a research has been undertaken in
order to examine the presence of fungi in wild rat populations.

MATERIALS AND METHODS

Wild rats (Rattus norvegicus) were captured by living traps in semiagri-
cultural habitats (Omoljica, Kovin, Leštane and Ovåa). Swabs from external
area of nose were taken and lung tissue homogenates prepared under sterile
conditions. Swabs and specimens of lung tissue homogenates were inoculated
on Sabouraud Maltose Agar (SMA) medium with streptomycin to avoid bacte-
rial infection (T a r r a n d et al., 2005). After incubation, micromycetes were
identified on the basis of micro- and macrocharacteristics of fungal isolates.

RESULTS AND DISCUSSION

Of 30 individuals examined, in 19 individuals (63%) fungi were detected
in lung homogenates. Six fungal species were isolated and identified, of which
five belonged to classes Hyphomycetes (Deuteromycotina) and Mucor racemo-
sus from Zygomycotina. Aspergillus and Penicillium species were detected in
homogenates of lungs of five and six individuals, respectively. (Figure 1).
Paecilomyces varioti was isolated from six individuals. Swabs from nasal skin
of 15 (50%) out of 30 individuals were found positive for fungi (4 for Asper-
gillus, 4 for Penicillium, 6 for Paecilomyces varioti and one for M. racemosus)
However, in only 9 cases presence of fungi on nasal skin and in lungs coin-
cided. Some of the fungal isolates were not identified at the species level, be-
cause of the atypical fungal elements. This particularly refers to Penicillium
species (atypical characteristics of spores with changed shape and size could
be observed at elongated phialides with branched conidiophores).

A. fumigatus is the most frequent pathogenic species that causes pulmo-
nary aspergillosis with high mortality level. A. flavus is a known toxigenic
species, which produces Aflatoxin B1, the most carcinogenic human myco-
toxin causing hepatocellular carcinoma. A. repens is osmophilic species well
adapted to dry substrates and commonly causes farmer's lung disease and
other pulmonary infections. Paecilomyces varioti may cause paecilomycosis,
which can be manifested as endocarditis, sinusitis and pulmonary infections at
rodents and humans (B y r d et al., 1992), M. racemosus (known as an allerge-
nic agent causing pulmonary infections) was isolated from one sample of rat's
lung's homogenate.
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Of special interest is A. fumigatus, the most common invasive mold
which is the cause of opportunistic infections in individuals with weakened
immune system (patients on chemotherapy, AIDS patients, in individuals on
prolonged antibiotic treatment, children and elderly people). Beside risk for
human health, presence of these fungi might influence animal health as well,
influencing, thus, the characteristics of rodent's natural population.
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SA POLUPOQOPRIVREDNIH STANIŠTA

Milena V. Kataranovski1, 2, Jasmina M. Glamoålija1, Marina D. Sokoviã1,
Milica V. Qaqeviã-Grbiã3 i Dragan S. Kataranovski1, 2

1 Institut za biloška istraÿivawa „Siniša Stankoviã",
Bulevar despota Stefana 142, Beograd, Srbija

2 Biološki fakultet, Studentski trg 16, Univerzitet u Beogradu, Srbija
3 Institut za botaniku, Biološki fakultet, Univerzitet u Beogradu,

Takovska 43, Srbija

Rezime

U ovom radu su prikazana istraÿivawa prisustva toksigenih i patogenih
gqiva u jedinkama sivog pacova (Rattus norvegicus BERK., 1769) iz prirodnih
populacija sa polupoqoprivrednih staništa (Omoqica, Kovin, Leštane, Ov-
åa). Detekcija prisustva gqiva u biološkom materijalu (bris koÿe nosne šu-
pqine i homogenat pluãa) je vršena na selektivnoj Sabouraud Maltose Agar
(SMA) podlozi. Istraÿivawe je pokazalo prisustvo šest vrsta gqiva od kojih
pet pripada klasi Hyphomyceta (Deuteromycotina), a Mucor racemosus klasi Zygo-
mycotina. Vrste roda Aspergillus su detektovane u homogenatima pluãa šest je-
dinki a Penicillium kod pet jedinki. Paecilomyces varioti je izolovan iz tkiva
šest jedinki sivog pacova. Brisevi koÿe nosne šupqine su dali pozitivne re-
zultate u 15 (50%) od 30 jedinki (åetiri pozitivna za Aspergillus, åetiri za Pe-
nicillium, šest za Paecilomyces varioti i jedna za Mucor racemosus). Meðutim, u sa-
mo 9 sluåajeva zabeleÿeno je poklapawe prisustva gqiva u koÿi nosne šupqine
i pluãa.

Nalazi koji pokazuju prisustvo patogena, izazivaåa teških gqiviånih obo-
qewa, ukazuju na sivog pacova kao na potencijalni rezervoar ovih agenasa. Do-
bijeni podaci predstavqaju, prema našem saznawu, prve podatke o prisustvu
gqiva kod pacova iz prirodne sredine zabeleÿene kod nas.
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EFFECT OF SALT HYPEROSMOTIC STRESS
ON YEAST CELL VIABILITY

ABSTRACT: During fermentation for ethanol production, yeasts are subjected to dif-
ferent kinds of physico-chemical stresses such as: initially high sugar concentration and low
temperature; and later, increased ethanol concentrations. Such conditions trigger a series of
biological responses in an effort to maintain cell cycle progress and yeast cell viability. Re-
garding osmostress, many studies have been focused on transcriptional activation and gene
expression in laboratory strains of Saccharomyces cerevisiae. The overall aim of this pre-
sent work was to further our understanding of wine yeast performance during fermentations
under osmotic stress conditions. Specifically, the research work focused on the evaluation
of NaCl-induced stress responses of an industrial wine yeast strain S. cerevisiae (VIN 13),
particularly with regard to yeast cell growth and viability. The hypothesis was that osmo-
stress conditions energized specific genes to enable yeast cells to survive under stressful
conditions. Experiments were designed by pretreating cells with different sodium chloride
concentrations (NaCl: 4%, 6% and 10% w/v) growing in defined media containing D-glu-
cose and evaluating the impact of this on yeast growth and viability. Subsequent fermenta-
tion cycles took place with increasing concentrations of D-glucose (20%, 30%, 40% w/v)
using salt-adapted cells as inocula. We present evidence that osmostress induced by mild
salt pre-treatments resulted in beneficial influences on both cell viability and fermentation
performance of an industrial wine yeast strain.

KEY WORDS: Saccharomyces cerevisiae, wine yeast, salt stress, cell growth, cell
viability

INTRODUCTION

During industrial fermentations that exploit yeast, cells are confronted
with a multitude of chemical, physical and biological stresses that may impair
cell function and thus fermentation progress. Cells adapt to such stresses by
eliciting responses designed to maintain cell growth and survival. Yeast stress
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responses can be distinguished by different stages: cellular changes that occur
immediately as direct consequences of the physico-chemical forces; activation
of the primary defense processes and changes in cell homeostasis. Concerning
osmotic stress, a number of physiological changes take place, including: efflux
of intracellular H2O, rapid reduction in total cell volume, including the vacuole
(1); transient increases in glycolytic intermediates (2); accumulation of cyto-
solic glycerol; and triggering of the HOG (Hyper Osmotic Glycerol) signaling
pathway (3).

Microorganisms such as the yeast, Saccharomyces cerevisiae develop
systems to counteract the effect of osmotic stress such as salt stress (NaCl).
Specifically, salt-induced stress results in two different phenomena: ion toxi-
city and osmotic stress. Defense responses to salt stress are based on osmotic
adjustments by osmolyte synthesis and cation transport systems for sodium
exclusion. In osmostressed S. cerevisiae, polyols (glycerol in particular) are the
major osmolytes produced accumulated by cells (4, 5, 6). Other products
synthesized by yeast during stress conditions are trehalose and glycogen that
may collectively represent 25% of the dry cell mass depending on the environ-
mental conditions. The disaccharide trehalose accumulates not only during salt
adaptation (7, 8), but also in response to a number of other stress conditions,
and has been shown to protect cells against high temperature by stabilizing
proteins and maintaining membrane integrity (9, 10, 11).

Exposing yeast cells in a hyper osmotic environment leads to a rapid ini-
tial efflux of water into the medium, which, in other words, is what is meant
as cell dehydration. Dehydration is a rapid process mediated solely by water
efflux through the lipid bilayer. Intracellular water is recruited from the va-
cuole into the cytoplasm thus partially compensating for the sudden increase in
macromolecular concentration. Additionally, the cytoskeleton collapses leading
to depolarization of actin patches. This cell dehydration leads to growth arrest.
Under these conditions, cellular reprogramming or “adaptation" represents ma-
jor defenses including accumulation of compatible solutes to balance the intra-
cellular osmotic pressure with the external environment. The compatible solu-
tes can be: glycerol, trehalose, amino acids, and fatty acids in cell membranes.

A commonly used osmolyte in experiments to cause hyperosmotic stress
is sodium chloride. It has been established that the intracellular concentration
of glycerol increases in parallel to the external concentration of sodium chlo-
ride. In general, an increase in the intracellular concentration of glycerol can
be the result of increased glycerol production, increased retention by cytoplas-
mic membranes, or decreased dissimilation or uptake of glycerol from the me-
dium. Glycerol is produced during glycolysis by reduction of dihydroxyace-
tone phosphate to glycerol 3-phosphate by glycerol 3-phosphate dehydrogenase
(GPD). (12, 13, 14). Under osmotic stress, increased levels of glycerol take
place due to the increase of the activity of GPD. Glycerol formation requires
an equimolar amount of cytoplasmatic NADH and when cells are osmotically
stressed, there is a decreased reduction of acetaldehyde to ethanol and an in-
creased oxidation to acetate. The observed decrease in the synthesis of alcohol
dehydrogenase as well as the increase of the aldehyde dehydrogenase could
account for this alteration in flux. The present work was based on the hypo-
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thesis that mild osmotic stress caused by NaCl would improve wine yeast fer-
mentation performance due to accumulation of cellular protecting molecules.
The results obtained with a wine yeast indicate that salt adaptation or “precon-
ditioning" may have potential benefits for industrial fermentation processes.

MATERIALS AND METHODS

Microorganism: Saccharomyces cerevisiae (strain Vin 13 from Anchor,
S. Africa) and was grown in glucose-based defined medium, without shaking
at 25°C.

Medium: 200 gr glucose/lit, 1 gr of K2HPO4, 1 gr of K2H2PO4, 0.2 gr of
ZnSO4, 0.2 gr of MgSO4, 2 gr of yeast extract, 2 gr of NH4SO4.

Yeast count: Yeast cell number was determined using haemocytometer
(Thoma type). Glucose measurement: Glucose was determined using the DNS
method (15)

Yeast cell viability: 1 ml of yeast taken from Erlenmeyer flask diluted in
9 ml of deionized water and then 1ml of this solution dissolved with 1ml of
10% methylene blue solution. After 10 min 0.01 ml added to a haemocyto-
meter (Thoma type). Continuously yeast total cell number and yeast living cell
number took place by optical microscope (Olympus).

Fermentations: 250 ml volume conical Erlenmeyer flasks without sha-
king used in a temperature of 25°C.

Repeat fermentations: During the second part of the experiments repeat
fermentations have been performed. After 400 hours a new medium containing
200 gr lit of D-glucose inoculated by 5x103 living cells preconditioned in 6%
and 10% of NaCl. After the end of the fermentation new medium containing
300 gr lit of D-glucose inoculated by 5x103 living cells. Finally after the end
of the fermentation new medium containing 400 gr lit of D-glucose inoculated
by 5x103 living cells. This experiment was to observe the tolerance of the pre-
conditioned cells to high sugar concentrations.

RESULTS AND DISCUSSION

The overall aim of this work was to gain further understanding of yeast
fermentation performance during osmotic stress conditions. Specifically, work
was focused on the evaluation of NaCl-induced osmotic stress responses on in-
dustrial strains of the yeast, Saccharomyces cerevisiae.

Figure 1 shows that osmotic stress had a minor effect on yeast cell
growth while sodium chloride concentrations increased. During the first 16
hours fermentation with glucose, no differences were observed in yeast growth
rate. After this period, differences between stressed and unstressed cells be-
came apparent, especially around 90 hours. The lag phases of the cultures trea-
ted with 4% and 6% w/v NaCl were protracted by 24 hours. For the 4% and
6% NaCl concentration, the total cell number measurements occurred to have
a difference from the beginning of the fermentation compared to that of the
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untreated cells. As far as the 10% sodium chloride concentration was concer-
ned, the growth rate had shown minimum changes.

Growth of S. cerevisiae (VIN 13) was monitored in the presence of 0%
4%, 6%, 10% w/v NaCl in glucose-based defined medium without shaking at
25°C

In contrast to the total cell number and yeast growth rate, it was surpri-
sing that cells under the higher osmotic stress conditions (especially 10%
NaCl) maintained a high viability over time compared with that of unstressed
cells (Figure 2). After prolonged fermentation times, such differences became
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Fig. 1 — Yeast growth under NaCl stress

Fig. 2 — Viability under NaCl stress



more pronounced. Under physiological conditions, without sodium chloride,
yeast cell viability fell to around 50%. In contrast, viability remained at high
levels for salt-stressed cells, even after 180 hours of fermentation. These data
clearly show that at 10%w/v NaCl concentration, whilst yeasts retained their
viability, their growth rate was adversely affected.

Viability of S. cerevisiae (VIN 13) was monitored in the presence of 0%
4%, 6%, 10% w/v NaCl culture in glucose-based defined medium without sha-
king at 25°C.
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Fig. 3 — Yeast cell viability over an extended period of 192 hours after fermentation for cells
with 0% 4%, 6%, 10% w/v NaCl culture in defined medium without shaking at 25°C

Fig. 4 — Cell viability over an extended time period of 400 hours including fermentation for
cells with 0%, 4%, 6%, 10% w/v NaCl stress culture in defined medium without shaking at 25°C



Figures 3 and 4 clearly show that sodium chloride had a positive effect in
maintaining yeast cell viability especially for extended fermentation periods of
time. After 400 hours, cells treated with 6% and 10% NaCl had the highest
viability. It is possible that maintenance of high yeast viability in presence of
high salt was due to the synthesis of stress responsive compounds including
trehalose and glycerol.

Continuous fermentations at increasing glucose concentrations were per-
formed. Pre-conditioned stressed cells at 6% and 10% w/v/ NaCl used as ino-
culum for fermentations media containing 20, 30, and 40% of D-glucose in the
absence of NaCl stress. These experiments were designed to observe the
fermentability, cell growth and viability under non-stress conditions. After 400
hours, media containing 20% w/v D-glucose inoculated by 5x103 living cells
preconditioned in 6% and 10% w/v NaCl. Subsequently, media containing 30,
then 40% w/v D-glucose were inoculated in a similar manner. Yeast cell
growth and viability were monitored. These experiments aimed to observe the
capability of salt-preconditioned cells to grow and ferment high sugar concen-
trations.

Figures 5, 6, 7 and 8 show that for 40% of D-glucose, the fermentation
time was 116 hours longer and the total cell number was almost the half com-
paring to the other two fermentations of 20 and 30% w/v of D-glucose.
Growth rate in media with 20% and 30% of D-glucose was similar. The most
important observation was that for higher glucose concentrations (30% and
40%) the total cell number was close to 5x107/ml for the fermentation of 40%
D-glucose and close to 10 x107 for the fermentation of 30% D-glucose.

276

Fig. 5 — Growth for pre-conditioning cells in 6% and 10% of NaCl cultured
in define medium containing 20% of D-Glucose
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Fig. 6 — Yeast growth for pre-conditioning cells in 6% and 10% of NaCl cultured
in define medium containing 30% of D-Glucose

Fig. 7 — Yeast growth for pre-conditioning cells in 6% and 10% of NaCl cultured
in define medium containing 40% of D-Glucose



Figures 9, 10 and 11 show that for 20% D-glucose consumption was al-
most linear and the amount for residual sugars was the same (26 gr lit). For
the fermentation in media with 30% D-glucose the sugar consumption occur-
red to be significant when the inoculum cells pre-treated with 10% NaCl. At
very high glucose levels (40% w/v), a rapid decrease in sugar consumption
was observed between 48 and 96 hours from 395 gr lit to 64 gr lit of glucose
and then remains constant.
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Fig. 8 — Yeast growth for pre-conditioning cells in 6% and 10% of NaCl cultured
in define medium containing 20, 30 and 40% of D-Glucose

Fig. 9 — Glucose consumption in wine yeast cells pre-conditioned in 6% and
10% w/v NaCl in a medium containing 20% w/v D-glucose



Figures 12, 13, 14 and 15 show that yeast cell viability decreased when
the sugar levels increased. For example, for 20% D-glucose yeast viability re-
mained high even towards the end of the fermentation. However, at 30% and
40% D-glucose yeast viability remained low.
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Fig. 10 — Glucose consumption for pre-conditioning cells in 6% and 10% of
NaCl cultured in define medium containing 30% of D-Glucose

Fig. 11 — Glucose consumption for pre-conditioning yeast cells in 6% and 10% of NaCl
cultured in define medium containing 40% of D-Glucose
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Fig. 12 — Viability for pre-conditioning cells in 6% and 10% of NaCl cultured
in define medium containing 20% of D-Glucose

Fig. 13 — Viability for pre-conditioned cells in 6% and 10% of NaCl cultured
in define medium containing 30% of D-Glucose



CONCLUSIONS

Since the early seventies sodium chloride and the effects of saline stress
to yeast cells have been the subject of research in many research labs. Several
research studies have been contacted until today regarding the effects of salt
on yeast genes expression and transcriptional response (16, 17, and 18).

Scope of this paper was to observe the effect of high osmotic stress to
yeast growth and yeast viability. The main points derived from these results
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Fig. 14 — Viability for pre-conditioned cells in 6% and 10% of NaCl cultured
in define medium containing 40% of D-Glucose

Fig. 15 — Viability for pre-conditioned cells in 6% and 10% of NaCl cultured in define
medium containing 20, 30 and 40% of D-Glucose



are the stress of yeast cells under 6% concentration NaCl and the high percen-
tage of yeast cell viability for higher concentrations of 10% w/v NaCl. Growth
rate arrest under osmotic stress conditions was clearly showed in our expe-
riments according to previous research work (18). Most important, was that
during the experiments, when salt concentration increased, the yeast growth
rate decreased almost proportionally.

The cell viability remained at high levels for all experiments series even
for those under extremely stress conditions such as 10% w/v of NaCl. For the
same levels of NaCl concentrations (6 and 10% w/v) it was shown that cell
viability remained almost constant and at high levels for more than 400 hours
of culture.

Repeated fermentations under increasing concentrations of glucose con-
clude that pre-conditioned yeast cells in 6 and 10% of NaCl remain viable for
a long period of time and exhibit high fermentability.

According to these results future work is needed using higher amounts of
sodium chloride (more than 10% w/v) in order to elucidate the effects of
salt-induced stress on yeast cell viability during alcoholic fermentation and the
ability of the cells to remain viable under different kind of stresses.
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Rezime

U proizvodwi etanola kvasci su tokom fermentacije izloÿeni razliåi-
tim vrstama fiziåko-hemijskog stresa kao što su: visoke poåetne koncentraci-
je šeãera i niske temperature, a kasnije poveãane koncentracije etanola. Ova-
kvi uslovi su pokretaåi serije bioloških odgovora koji imaju za ciq odrÿa-
vawe ãelijskog cikliånog razvoja i vijabilnosti ãelija kvasca. Što se tiåe
osmotskog stresa, mnoge studije su usmerene na transkripcionu aktivaciju i
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ekspresiju gena u laboratorijskim sojevima Sacchavomyces cerevisiae. Ciq ovog
rada je bio da se boqe sagledaju i performanse vinskog kvasca tokom fermenta-
cije u uslovima osmotskog stresa. Istraÿivaåka aktivnost je posebno usmerena
na ispitivawe odziva industrijskih sojeva vinskog kvasca S. cerevisiae (VIN 13)
u uslovima stresa indukovanog NaCl-om, sa posebnim osvrtom na rast ãelija
kvasca i wihovu vijabilnost. Hipoteza je bila da se u uslovima osmotskog stre-
sa energetski aktiviraju specifiåni geni koji omoguãuju preÿivqavawe kva-
snih ãelija u datim uslovima. Ogled je izveden prethodnim tretirawem ãelija
rastvorima NaCl razliåitih koncentracija (NcAl: 4%, 6% i 10% m/v), kori-
šãewem definisanih podloga sa D-glukozom i ispitivawem wihovog uticaja na
rast i vijabilnost ãelija. U kasnije sprovedenim ciklusima fermentacije po-
veãavane su koncentracije D-glukoze (20%, 30%, 40% m/v), a kao inokulum su se
koristile ãelije kvasca prethodno adaptirane na povišene koncentracije soli.
U radu je pokazano da osmotski stres indukovan blagim tretmanima u rastvori-
ma soli pozitivno deluje i na vijabilnost ãelija i na fermentacione perfor-
manse industrijskih sojeva vinskog kvasca.
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PRODUCTION OF BIOETHANOL FROM TRITICALE

ABSTRACT: Triticale (Triticosecale) is a crop species resulting from a plant bree-
der's cross between wheat (Triticum sp.) “mother" and rye (Secale sp.) “father". Today, it
has been cultivated in more than 50 countries worldwide. During theresearches conducted
over period 2005—2006, the quality of three varieties of triticale was examined. Chemical
quality parameters were the scope of the paper. The analyzed varieties of triticale showed
high a-amylase activity, that was measured by falling number and amylolitic activity. While
investigating thermal preparation of the samples at three different temperatures 60, 70 and
90°C, the optimum temperature was determined. Three different modes of thermal prepara-
tions were applied in the experiment: 1) without the addition of technical enzymes (a-amy-
lase and glucoamylase), 2) with the addition of glucoamylase, and 3) with the addition of
glucoamylase and a-amylase. The enzymes were dosed according to the recommendations
of the manufacturer. The thermal preparation of samples, conducted at 90°C, produced the
lowest content of fermentable starch. This is due to inactivation of amylolytic enzymes in
triticale at 90°C. During 2006, the survey on bioethanol production from triticale was direc-
ted towards lowering the temperature regimes of the preparation step up to 60°C. During
the first preparation mode (without the additional enzymes), the obtained results for the
content of fermentable starch and the ethanol yield, showed that native amylolytic enzymes
of triticale can degrade 80—90% of the available starch. The addition of glucoamylase, du-
ring the second preparation mode, increased the content of fermentable starch and ethanol
yield. The best results were achieved applying the third mode of preparation. Comparing
the preparation modes, it could be concluded that the application of both a-amylase and
glucoamylase in the preparation step, increased the content of fermentable starch and etha-
nol yield by 7—13%. Further research should optimize the addition of a-amylase and
glucoamylase. According to the results, the thermal preparation modes at 60°C are conside-
red more suitable because of the energy savings.

KEY WORDS: amylase, enzyme, ethanol yield, fermentable starch, triticale

INTRODUCTION

Bioethanol is a strategic raw material with wide range of applications in
food, pharmaceutical, cosmetic, and petrochemical industry (B a r a s et al.,
2002). Also, it has been used as a modern biofuel, applied directly as a gasoli-
ne improver or gasoline substituent (D e m i r b a s, 2006), or in the form of
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ETBE (ethyl tertiary buthyl ether), to substitute for currently added syntheti-
cally-produced octane enhancers (R o s e n b e r g e r, 2005), and in ethanol-die-
sel blends with particular purpose to reduce the emissions of exhaust gasses
( H a n s e n et al., 2005). Triticale (Triticosecale) is a crop species resulting
from a plant breeder's cross between wheat (Triticum sp.) “mother" and rye
(Secale sp.) “father". (O e l k e 1989). The time span from its creation to its
commercialization was long (Q u a l s e t, 1996). Triticale is tolerant to climatic
changes, certain diseases, extreme soil conditions, and gives relatively high
yields (O e l k e, 1989). In 2005, according to the Food and Agricultural Orga-
nization (FAO), 13.5 million tons of triticale was harvested in 28 countries ac-
ross the world (Wikipedia, 2006). Triticale has just recently been used as a raw
material in the bioethanol production. Starch content in triticale is approxi-
mately 60%, and ethanol yield amounts to 38 l per 100 kg (S e n n, 2001). Tri-
ticale contains amylolitical and proteolitical enzymes, and their inhibitors, too
( W e s e n b e r g, 1990). Triticale is self-polinating (similar to wheat), and not
cross pollinating (like rye) (O e l k e, 1989). Triticale does not contain high
amounts of pentosans like rye, therefore there are no problems during fermen-
tation because of high viscosity. Also, triticale is characterized with high auto-
amylolitic activity enabling its use without the addition of commercial saccha-
rifying enzymes. Some varieties of triticale contain surplus amylases, which
can be used for saccharifying other substrates. Enzyme activity of native triti-
cale enzymes is expressed with Autoamylolitical Quotient (AAQ). Autoamylo-
litical Quotient is defined as the percentage yield of ethanol obtained without
the addition of technical enzymes, compared with the ethanol yield with addi-
tion of an optimum combination of technical enzymes (S e n n, 2001).

The aim of the investigation was to optimize the process of triticale ther-
mal preparation for the production of bioethanol. Yields of ethanol from triti-
cale samples prepared at various temperatures (60, 70, and 90°C), were deter-
mined.

MATERIAL AND METHODS

Over the period 2005—2006, the quality and the processing potential for
bioethanol production of three triticale varieties: ORION, NS-TRITICALE and
JUTRO were investigated. The following chemical quality parameters were de-
termined: the content of solids, ash and protein, the falling number according
to Hagberg, and the maximum peak viscosity (K a l u ð e r s k i, F i l i p o v i ã,
1998).

The preparation of the samples for fermentation comprised: stillage for-
mation, dosage of the processing microorganism, starch saccharifying, and in-
oculation with working microorganism. The stillage formation of grinded sam-
ples was conducted by applying hydromodul 1:3 (material to water ratio) in a
stillage tank. The pH was measured on pH-meter, and was adjusted in the
range 5.4—5.5.

The following three temperature regimes of the preparation of triticale
samples were used:
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Thermal preparation at 60°C
— heating up to 60°C tests I, II, III. To test III+ Thermamyl SC
— keeping for 60 min at 60°C,
— cooling to 55°C. To tests II, III + SAN Super 360L,
— keeping for 30 min at 55—60°C.

Thermal preparation at 70°C
— heating up to 60°C tests I, II, III. To test III + Thermamyl SC,
— heating tests I, II, III up to 70°C,
— keeping for 60 min at 70°C,
— cooling to 55°C. To tests II, III + SAN Super 360L,
— keeping for 30 min at 55—60°C.

Thermal preparation at 90°C
— heating up to 60°C tests I, II, III. To test III + Thermamyl SC,
— heating tests I, II, III up to 90°C,
— keeping for 60 min at 90°C,
— cooling to 55°C. To tests II, III + SAN Super 360L,
— keeping for 30 min at 55—60°C.

Preparation modes of triticale samples for each temperature regime were
the following:

— I test: sample without enzymes
— II test: sample + bacterial glucoamylase SAN Super 360L (Novozy-

mes A/S)
— III test: sample + glucoamylase SAN Super 360L (Novozymes A/S) +

bacterial thermostable a-amylase Termamyl SC (Novozymes A/S).

After the thermal processing, the samples were cooled to 30°C, and in-
oculated with Saccharomyces cerevisiae (Alltech-Fermin, Serbia). Batch fer-
mentations were carried out under anaerobic conditions at constant temperature
(30°C), controlling the rate of fermentation, and measuring the weight of pro-
duced CO2 after each 24-hour period, until the fermentation ended.

On the basis of the obtained results, Autoamylolitical Quotients of the
samples were determined for each temperature regime (60, 70 and 90°C) ac-
cording to equation:

AAQ (%) =
Ethanol yield (g ethanol / 100 g d.b.) without technical enzymes

Ethanol yield (g ethanol / 100 g d.b.) with technical enzymes
x 100

RESULTS AND DISCUSSION

The chemical parameters characterizing the quality of triticale samples are
presented in Table 1. The moisture contents of all the investigated samples
were at levels that ensure safe and long storage of the grains. The ash content

287



in all samples was very high, providing necessary mineral food for the acti-
vity of yeast during fermentation. Protein contents of Orion and Jutro varie-
ties (10.13% and 10.7%, respectively) were at lower levels than NS-triticale
(11.94%). The falling numbers of the samples were lower than 250 s. These
results designate the presence of active a-amylases in the samples. The amy-
logram peak viscosities confirmed this statement. The lowest peak viscosity
(90 B.U.) was measured in the Orion sample.

Tab. 1 — Chemical quality parameters of triticale variety

SAMPLE
Moisure
content

(%)

Ash content
(% d.b.)

Protein
Content
(% d.b.)

Falling
number (s)

The mazimum
peak viscosity

(aj)

ORION 9.51 2.04 10.13 184 90
NS-TRITIKALE 9.50 2.01 11.94 223 125

JUTRO 9.46 1.87 10.69 215 160

The contents of fermentable starches and ethanol yields for triticale sam-
ples, subjected to thermal processing at various temperatures (60, 70, and
90°C) are presented in Table 2. The variety Orion produced the highest quan-
tities of fermentable starch and ethanol in the preparation mode, without com-
mercial enzymes at 60°C. The addition of glukoamylase SAN Super 360L in-
creased the contents of fermentable sugar and ethanol yields for each triticale
variety. When glucoamylase was added, the content of fermentable sugar in
NS-triticale variety increased by 1.5%. The addition of glukoamylase and ther-
mostable a-amylase increased the contents of fermentable sugar and ethanol in
all samples.

At 70°C, the preparation mode without the addition of commercial enzy-
mes gave the highest content of fermentable starch in NS-triticale sample
(61.3%), followed by Jutro (58.4%), and Orion (53.80%). The addition of
glycoamylase increased the contents of fermentable starch in all samples with
the highest content achieved for NS-triticale. All samples demonstrated an in-
crease in the yield of fermentable starch and ethanol with the addition of both
commercial enzymes, with superior performance of Jutro variety. Each prepa-
ration mode conducted at 90°C, resulted in significantly lower fermentable su-
gar and ethanol production, compared to that obtained at 60 and 70°C, for all
samples.
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Tab. 2 — Contents of fermentable sugar and ethanol yields of triticale samples prepared under
different temperature regimes

PREPARATION MODES
OF TRITICALE SAMPLES

TRITICALE SAMPLE

ORION NS-TRITIKALE JUTRO

fermen-
table
sugar
(g/100
g sm)

ethanol
yield

(g/100
g sm)

fermen-
table
sugar
(g/100
g sm)

ethanol
yield

(g/100
g sm)

fermen-
table
sugar
(g/100
g sm)

ethanol
yield

(g/100
g sm)

Thermal
preparation
at 60°C

Sample without
enzyme addition 57.15 32.46 56.61 32.15 55.70 31.63

Sample
+ SAN Super 360 L 62.61 35.55 64.14 36.42 62.44 35.16

Sample
+ SAN Super 360 L

+ Termamyl SC
64.69 36.73 64.88 37.26 63.47 36.05

Thermal
preparation
at 70°C

Sample without
enzyme addition 53.80 30.60 61.3 34.8 58.40 33.20

Sample
+ SAN Super 360 L 66.60 37.80 67.7 38.4 65.40 37.17

Sample
+ SAN Super 360 L

+ Termamyl SC
67.70 38.40 68.3 38.8 69.27 39.30

Thermal
preparation
at 90°C

Sample without
enzyme addition 50.28 28.87 52.36 29.76 52.70 29.95

Sample
+ SAN Super 360 L 59.80 33.99 55.7 31.66 56.80 32.28

Sample
+ SAN Super 360 L

+ Termamyl SC
63.32 35.37 60.26 34.8 60.49 34.69

The Autoamylolitical Quotients of triticale samples prepared on 60, 70,
and 90°C are presented in Table 3. The Autoamylolitical Quotient was deter-
mined as the ratio of ethanol yield obtained without the addition of commer-
cial enzymes, and the ethanol yield obtained with the addition of Termamyl
SC. Orion and Jutro demonstrated the best performance at preparation tempe-
rature 60°C (88%). The Autoamylolitical Quotient of 88% means that the sam-
ple contains enough amylases to degrade 88% of total available starch. The
highest Autoamylolitical Quotient at 70°C was obtained in the NS-triticale
sample. From the data presented, it is evident that the autoamylolitic coeffi-
cients depend on the variety. Also, it could be concluded that the investigated
triticale varieties are not suitable for saccharifying other starchy substrates be-
cause of the lack of native amylases. The results proved that triticale is a suita-
ble raw material for bioethanol production. Preparation procedures conducted
at 60°C are recommended because of energy savings.
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Tab. 3 — Autoamylolitical Quotients of triticale samples.

Thermal preparation
The Autoamylolitical Quotient (AAQ) (%)

ORION NS-TRITIKALE JUTRO

60°C 88 86 88
70°C 80 90 84
90°C 82 86 86
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PROIZVODWA BIOETANOLA IZ TRITIKALEA

Vesna M. Vuåuroviã, Dušanka J. Pejin
Tehnološki fakultet Novi Sad, Bulevar Cara Lazara 1,

21000 Novi Sad, Srbija

Rezime

Tritikale (Triticosecale) je najstarija veštaåki stvorena hibridna ÿitari-
ca nastala ukrštawem pšenice Triticum i raÿi Secale. Danas se tritikale u
svetu kultiviše u više od 50 zemaqa. Tokom istraÿivawa 2005. i 2006. godine
ispitan je kvalitet tri sorte tritikalea. Odreðeni su hemijski pokazateqi kva-
liteta uzoraka. Analizirane sorte tritikalea su pokazale izrazitu aktivnost
a-amilaze, što se izraÿava brojem padawa i amilolitskom aktivnošãu. U toku
istraÿivawa ispitivane su optimalne temperature termiåke pripreme uzoraka
tritikale, na temperaturama 60°S, 70°S, 90°S. Termiåke pripreme izvoðene su
na tri naåina: bez dodatka a-amilaze i glukoamilaze (tehniåkih enzima), uz do-
datak glukoamilaze i uz dodatak glukoamilaze i termostabilne a-amilaze. Dozi-
rawe navedenih enzima izvršeno je prema preporukama proizvoðaåa. Najniÿi
rezultati sadrÿaja fermentabilnog skroba dobijeni su tokom pripreme uzoraka
na 90°S. Objašwewe za ovako niske sadrÿaje fermentabilnog skroba moÿe se
naãi u åiwenici da se na 90°S inaktiviraju amilolitski enzimi uzoraka tri-
tikalea. Tokom 2006. godine istraÿivawa proizvodwe bioetanola iz tritikalea
bila su usmerena ka ispitivawu moguãnosti da se termiåka priprema uzoraka
izvodi na 60°S. Rezultati sadrÿaja fermentalnog skroba i prinosa etanola to-
kom prvog postupka pripreme (bez dodataka enzima) pokazali su da amilolitski
enzimi tritikalea mogu da razgrade sopstveni skrob u iznosu 90—98% (u zavi-
snosti od uzorka). Dodatkom glukoamilaze u toku drugog postupka pripreme po-
veãava se sadrÿaj fermentabilnog skroba i prinos etanola. Najboqi rezultati
sadrÿaja fermentabilnog skroba i prinosa etanola dobijeni su uz dodatak ter-
mostabilne a-amilaze i glukoamilaze. Uporeðivawem rezultata sva tri postupka
pripreme moÿe se zakquåiti da se primenom termostabilne a-amilaze i glukoa-
milaze dobijaju samo 2—10% viši sadrÿaji fermentabilnog skroba i prinosi
etanola. U daqem radu treba optimizirati dodatke termostabilne a-amilaze i
glukoamilaze. Dobijeni rezultati sadrÿaja fermentabilnih šeãera i prinosa
etanola iz uzoraka tritikalea nedvosmisleno daju prednost postupku pripreme
uzoraka na 60°S zbog uštede energije.
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INFLUENCE OF DOUGH FREEZING ON
SACCHAROMYCES CEREVISIAE METABOLISM

ABSTRACT: The need to freeze dough is increasing in bakery production. Frozen
dough can be stored for a long time without quality change. The capacity of bakery produc-
tion can be increased in this way, and in the same time, the night shifts can be decreased.
Yeast cells can be damaged by freezing process, resulting in poor technological quality of
dough after defrostation (longer fermentation of dough).

The influence of frozen storage time of dough on survival percentage of Saccharo-
myces cerevisiae was investigated. Dough samples were taken after 1, 7, 14 and 28 days of
frozen storage at –20°C. After defrosting, at room temperature, samples were taken from
the surface and the middle part of dough (under aseptic conditions), and the percentage of
living S. cerevisiae cells was determined. During frozen storage of dough, the number of li-
ving S. cerevisiae decreased. After 28 days of frozen storage, the percentage of live cells on
the surface and inside the dough was 53,1% and 54,95%, respectively. The addition of
k-carragenan to dough increased the percentage of living cells in the middle part of dough
up to 64,63%. Pure cultures, isolated from survived S. cerevisia cells in frozen dough by
agar plates method (Koch's method), were multiplied in optimal liquid medium for yeasts.
The content of cytochromes in S. cerevisiae cells was determined by spectrophotometric
method. The obtained results showed that the content of cytochromes in survived S. cerevi-
siae cells was not affected by dough freezing process. Growth rate and fermentative activity
(Einchor's method) were determined in multiplied cells.

KEY WORDS: cytochromes, fermentative activity, freezing, k-carragenan, survival,
Saccharomyces cerevisiae

INTRODUCTION

Freezing and storage in the frozen state leads to decreased viability and
fermentative activity of yeast cells (B e r g l u n d et al., 1991). M a z u r (1963)
reported that a number of factors affect damage, and it depends on whether ice
is formed intracellularly (high freezing rates), or extracellularly (lower freezing
rates). It was concluded that freezing regimes affect strongly the loss of cell
viability. Cells are damaged during the freezing process, while the defrosting
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regime affects insignificantly the survival of yeast cells. Yeast cell metabolism
decreases drastically at low temperatures; therefore, long term storage of cells
is possible.

High survival level can be achieved by appropriate freezing process: sur-
vival about 95% (J a n k o v i ã et al., 1999), or even 100% (P e j i n, 1989).
Freezing of yeast suspension in water affects decreased fermentative activity.
The decrease of fermentative activity is lower when yeast is frozen in starch
dough (B e r g l u n d, 1988).

M a y e r s and A t t f i e l d (1999) consider that the loss of yeast cell
viability is affected by freezing of intracellular water, resulting in damage of
cytoplasmatic membrane and increase of components in the cytoplasma. This
can affect decrease of pH value, increase of dry matter content, and decrease
of glycolytic enzymes activity in the cytoplasma.

According to G a o and C r i t s e r (2000), if the loss of water during
freezing is higher than the critical moisture content, the proteins and cyto-
plasmatic membrane are irreversibly denaturated, and this can cause the death
of cell. The denaturation of cell parts can be caused by: concentration increase
of some ions, change of pH, and hydratation decrease of macromolecules in
the cytoplasma. The fermentative activity of yeast in frozen dough is lower by
30—35%, compared to the control (M i k i n å i ã - P e š u t, 1989). Yeast resi-
stance during freezing is affected by duration of dough fermentation before the
freezing process, freezing and defrosting rate of dough, frozen storage time,
and temperature oscillations during storage (G i a n n o u et al., 2003).

Several ways of decreasing the effect of freezing and frozen storage on
yeast survival and fermentative activity can be found in recently presented pa-
pers, even on improving characteristics and quality of frozen dough and ob-
tained bakery products: addition of hydrocolloids, lower water content in pre-
pared dough, higher amount of yeast, compared to the traditional production,
and shorter dough fermentation before freezing (G i a n n o u et al., 2003), use
of instant yeast (A b d E l - H a d y et al., 1999), use of cryotolerant and/or
cryoresistant strains of bakery yeast (T a k a n o et al., 2002), use of modified
yeast strains (T a n g h e et al., 2000; V a n D i j c k et al., 2000; T e n n i s -
s e n et al., 2002).

The aim of the research presented in this work was to investigate the
possibility of kapa-carragenan use to protect the yeast cells during freezing of
dough. k-carragenan-hydrocolloid — is biochemically inert, and can modify
the dough structure, bind the free water and control water migration in the
dough (R i b o t t a et al., 2004; Ÿ e ÿ e l j, 2005). Binding and immobilization
of water decreases the ice crystal formation, and also the damage of glutene
and yeast cells (S h a r a d a n a n t and K h a n, 2003b). This is significant
from the standpoint of production of bakery products from frozen dough.

MATERIAL AND METHODS

Average quality commercial T-500 flour was used for the production of
dough, which was frozen later. Quality characteristics were analyzed according
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to the Regulations on methods of physical and chemical analyses for quality
control of wheat, milling and bakery products, pasta and fast frozen dough
(Yugoslav Official Register, No 74/1988).

Dough intended for freezing was prepared according to the following pro-
cedure: flour + water + bakery yeast (2,5% calculated on flour), placed in the
spin kneading machine with helical agitators, and mixed for 10 min at 85 rpm
(control). Aiming to investigate the effect of hydrocolloids on yeast, during
freezing of dough, k-carragenan (Fluka AG, Buch, Switzerland) was added as
a component into the dough prepared according to the described procedure.

The temperature of mixed dough was 20 ± 1°C (K e n n y et al., 2001).
The dough was divided into portions, formed without fermentation in mass
( B a r c o n a s et al., 2003), frozen at –35 ± 1°C until –12 ± 1°C was reached
in the centre of the sample (freezing chamber KOMA, the Netherlands), accor-
ding to producer's recommendations. The frozen dough portions were packed
in PVC bags, and stored at –20 ± 1°C (chamber KOMA), for 1, 7, 14 and 28
days. The samples were defrosted at +4 ± 1°C for 12 hrs, and for additional
1,5 hr at +20 ± 1°C. The number of living Saccharomyces cerevisiae cells was
determined according to the method given in the Rulebook on methods of per-
forming microbiological analyses and superanalyses of food products (Yugo-
slav Official Register No 25, 1980). Pure cultures were transferred into the
liquid nutritive medium for yeasts (M i h a j l o v i ã, 1983). Specific growth
rate, and fermentative activity according to Einhorn (R e i f f et al., 1960),
were determined in regular time intervals, during 24 hrs. The content of
cytochromes was determined by method according to O u r e and S u o m a -
l a i n e n (1970), with the aim of determining the respiration intensity.

RESULTS AND DISCUSSION

Number and percentage of survived S. cerevisiae cells in frozen dough
are presented in Table 1. During frozen storage of dough for 28 days, the per-
centage of living cells from dough surface is 53,11%, and from the centre
54,95%. Comparing these results, it is quite clear that the cells in the centre of
the dough are protected from low temperature, and the number of survived
cells is higher. In dough samples, prepared with addition of k-carragenan, in
concentrations 0,1, 0,3 and 0,5%, the number and percentage of survived cells
increases both on the surface and in the centre. In dough with 0,5% a k-carra-
genan, the percentage of survived cells on dough surface is 61,23%, by 8,12%
higher compared to the control sample. In the centre 64,63% cells survived,
about 10% more compared to the control.
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Tab. 1 — Number and percentage of survived Saccharomyces cerevisiae cells in frozen dough
samples with different content of k-carragenan during storage

k-karagenan
content (%)

Number of living cells x 104 in 1g of dough Survirval
percentage

cells
Days of keeping at –20 ± 1°C (dani)

0 1 7 14 28

on surface
0,0
in the middle

2350

2475

2060

2380

1562

2123

1438

1520

1248

1360

53,11

54,95

on surface
0,1
in the middle

2240

2460

2090

2110

1525

1677

1498

1570

1095

1348

48,88

54,80

on surface
0,3
in the middle

2320

2450

1990

2050

1572

1648

1490

1550

1345

1525

57,97

62,33

on surface
0,5
in the middle

2270

2460

2100

2030

1700

1850

1425

1630

1390

1590

61,23

64,63

Tab. 2 — Specific growth rate of pure Saccharomyces cerevisiae cultures, isolated from frozen
samples: the control dough and dough containing k-carragenan

Days of
keeping

at –20°C

Place of cell
sampling

m-Specific growth rate (h—1)

Without k-karagenan With k-karagenan

0—4 0—24 0—4 0—24

0
on surface 0.6074 0.1425 0.6575 0.1430
in the middle 0.5678 0.1452 0.6441 0.1420

1
on surface 0.5756 0.1510 0.6471 0.1390
in the middle 0.5269 0.1540 0.6427 0.1380

7
on surface 0.5175 0.1420 0.6307 0.1370
in the middle 0.5100 0.1300 0.5832 0.1360

14
on surface 0.5165 0.1350 0.5833 0.1300
in the middle 0.5099 0.1300 0.5175 0.1260

28
on surface 0.5170 0.1340 0.1813 0.1300
in the middle 0.4946 0.1300 0.0965 0.1360

Specific growth rates were calculated according to the method by P e j i n
(1989), using the data on content of dry matter determined during multiplica-
tion on liquid nutritive medium, under intensive aeration, during 24 h, at 30°C.
Analyzing the results from Table 2, it can be seen that the growth of yeast
cells is very intensive during the first four hours. It is also interesting to men-
tion that the specific growth rate of cells, isolated from dough surface, is hig-
her than of cells isolated from the centre of sample. The specific growth rate
of pure S. cerevisiae culture decreases with longer storage of frozen dough. In
fresh state, the specific growth rate of yeast cells was 0,6047 � h—1, during the
first 4 hours of cultivation, and after frozen storage of dough at –20°C, for 28
days, it was 0,517 � h—1. The mean specific growth rate was calculated after
24 hrs of multiplication, and the obtained values showed that the specific
growth rate of pure S. cerevisiae cultures decreases constantly with longer fro-
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zen storage of dough. The mean specific growth rate decreases by about 10%,
during 28 days of storage at –20°C.

The addition of hydrocolloid k-carragenan affects positively the specific
growth rate of pure cultures isolated from frozen dough samples with addition
of 0,5% of k-carragenan. In dough samples, stored for 14 days in frozen state,
no significant decrease of specific growth rate, during the first four hours of
cultivation was estimated. However, the specific growth rate of pure cultures
isolated from dough, kept for 28 days at –20°C, was three times lower, com-
pared to the isolates without addition of k-carragenan. The “lag-phase" of
these samples was considerably longer, causing decrease of specific growth
rate in the first four hours of cultivation. It is interesting to mention that the
mean specific growth rate, determined during 24 hours is higher for isolates
from frozen dough samples prepared with k-carragenan, than for solates from
frozen doughs without k-carragenan.

The results of fermentative activity of pure S. cerevisiae cultures isolated
from frozen dough samples, with and without k-carragenan, are presented in
Table 3.

Tab. 3 — Fermentative activity of pure Saccharomyces cerevisiae cultures isolated from frozen
dough samples, with and without k-carragenan

Days of
keeping at

–20°C

Place of cell
sampling

cm3 CO2/1g dry matter

Without
k-karagenan

With
k-karagenan

0
on surface 46.41 96.29
in the middle 41.62 87.56

1
on surface 43.80 93.15
in the middle 42.26 67.47

7
on surface 43.90 68.68
in the middle 41.90 49.90

14
on surface 43.00 62.22
in the middle 39.80 49.10

28
on surface 42.04 46.88
in the middle 34.48 34.82

The fermentative activity of pure cultures isolated from frozen dough
samples, containing k-carragenan, was about 2 times higher compared to pure
cultures isolated from dough without k-carragenan (Table 3). This can be
explained by the fact that this hydrocolloid binds the water around yeast cells,
and protects them from freezing, preventing the formation of large ice crystals
which can damage the cell wall and cytoplasmatic cell membrane.

It is interesting to mention that the fermentative activity of cells on dough
surface is higher compared to the cells from the middle part. It leads to a con-
clusion that yeast cells, isolated from the dough surface, are less damaged by
the freezing process, than the ones isolated from the middle.

The results of fermentative activity determination for cells isolated from
frozen doughs after 28 days, show that the change of this characteristic is in-
significant for dough samples without k-carragenan.
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Respiratory activity e.g. content of cytochromes after multiplication for
24 h, under aerobic conditions, was also determined in pure cultures, isolated
from frozen dough samples, with and without addition of k-carragenan (Tables
4 and 5).

Tab. 4 — Influence of storage time on cytochrome content in pure culture cells isolated from do-
ugh samples

Days of
keeping at

–20°C

Place of cell
sampling

Cytochrome moles x 105/kg yeast with 25% dry matter

aa3 b c

605 nm 444 nm 560 nm 532 nm 520 nm 550 nm

0
on surface 6.45 4.76 6.98 6.28 4.39 5.68
in the middle 5.32 3.72 5.76 5.76 3.92 4.76

1
on surface 5.24 4.33 6.68 5.46 3.34 5.27
in the middle 2.62 3.17 4.97 4.82 2.47 3.22

7
on surface 0.88 2.66 4.81 4.79 2.39 2.93
in the middle 0.87 2.10 4.70 4.72 2.35 2.89

14
on surface 0.65 2.70 5.76 5.73 2.85 7.00
in the middle 0.57 2.70 5.48 4.82 2.40 5.98

28
on surface 0.42 2.94 5.04 3.45 1.51 6.70
in the middle 0.37 2.58 4.99 3.00 1.45 5.70

The time of storage affects negatively the content of cytochromes aa3, b
and c (Table 4). The decrease of cytochromes aa3 content is the highest, and of
cytochromes b, the lowest. Cytochrome content decrease points to lower acti-
vity of respiratory enzymes, which provide energy for the growth of cells. Due
to decreased enzyme activity, the yeast cells have no energy necessary for the
growth, resulting in decrease of specific cell growth activity.

Tab. 5 — Influence of storage time on cytochrome content in pure isolate cells, isolated from fro-
zen dough samples containing k-carragenan

Days of
keeping at

–20°C

Place of cell
sampling

Cytochrome moles x 105/kg yeast with 25% dry matter

aa3 b c

605 nm 444 nm 560 nm 532 nm 520 nm 550 nm

0
on surface 5.76 4.79 6.76 6.25 4.47 5.47
in the middle 4.86 4.52 5.82 5.55 3.98 4.92

1
on surface 4.25 2.86 6.31 4.90 2.47 4.05
in the middle 3.86 2.26 4.14 4.58 3.63 5.86

7
on surface 0.99 2.29 6.29 4.72 3.53 5.78
in the middle 0.72 1.76 5.08 3.79 1.89 4.14

14
on surface 0.00 2.26 4.67 4.66 2.37 5.70
in the middle 0.00 1.66 3.99 3.58 1.85 3.90

28
on surface 0.00 1.29 3.89 4.66 2.33 4.76
in the middle 0.00 1.16 3.19 3.58 1.85 3.90

k-carragenan has no positive effect on the content of cytochromes in
yeast cells (Table 5). In yeast cells isolated after 14 days from frozen dough
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storage, the content of cytochromes aa3 is about 10 times lower, the contents
of cytochromes b and c are also lower, compared to the samples from frozen
dough without k-carragenan.
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UTICAJ ZAMRZAVAWA KVASNIH TESTA NA METABOLIZAM
SACCHAROMYCES CEREVISIAE

Dušanka J. Pejin, Irena S. Došanoviã, Stevan D. Popov,
Zvonimir J. Suturoviã, Jovana A. Rankoviã,

Siniša N. Dodiã, Jelena M. Dodiã, Vesna M. Vuåuroviã
Tehnološki fakultet, Bulevar Cara Lazara 1, 21000 Novi Sad, Srbija

Rezime

U pekarskoj proizvodwi raste potreba za zamrzavawem kvasnih testa. Zamr-
znuta kvasna testa mogu se dugo åuvati u zamrznutom stawu bez gubitka kvaliteta.
Na ovaj naåin moÿe se poveãati kapacitet pekarske proizvodwe, a na taj naåin
smawiti potreba za noãnim radom pekara. Procesom zamrzavawa kvasnih testa
mogu se oštetiti kvasne ãelije i wihov enzimski sistem tako da ãe nakon od-
mrzavawa kvasno testo imati lošiji tehnološki kvalitet (produÿeno vreme
fermentacije testa). U radu je ispitivano kako period åuvawa zamrznutog kva-
snog testa utiåe na procenat preÿivqavawa Saccharomyces cerevisiae. Period
åuvawa kvasnog testa je bio 28 dana, na temperaturi „–20°S". Tokom ovog perio-
da uzimani su uzorci za ispitivawe nakon 1, 7, 14. i 28. dana. U navedenim pe-
riodima uzorci su odmrzavani na sobnoj temperaturi i sa površine i iz unu-
trašwosti testa (pod aseptiånim uslovima) uzimani su uzorci kvasnog testa i
u wima je odreðivan procenat preÿivelih ãelija Saccharomyces cerevisiae. To-
kom åuvawa kvasnog testa u zamrznutom stawu smawivao se postepeno broj pre-
ÿivelih ãelija Saccharomyces cerevisiae. Nakon 28. dana åuvawa kvasnog testa
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u zamrznutom stawu procenat preÿivelih ãelija na površini testa je bio
53,11%; a u unutrašwosti testa je bio 54,95%. Dodatak k-karagenana u testo po-
veãao je procenat preÿivelih ãelija u unutrašwosti zamrznutog testa i do
64,63%. Od preÿivelih ãelija S. cerevisiae iz zamrznutih testa metodom agarnih
ploåa (Kohovom metodom) izolovane su åiste kulture. Åiste kulture umnoÿavane
su, do potrebnih koliåina, u optimalnoj teånoj podlozi za kvasce. U ãelijama S.
cerevisiae odreðivan je sadrÿaj citohroma spektrofotometrijskom metodom. Do-
bijeni rezultati sadrÿaja citohroma su pokazali da proces zamrzavawa kvasnog
testa nije uticao negativno na sarÿaj citohroma u preÿivelim ãelijama S. cere-
visiae. Umnoÿenim ãelijama odreðivana je brzina rasta i fermentativna aktiv-
nost Einchor-ovom metodom.
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INFLUENCE OF THE CULTIVATION CONDITIONS
ON LIGNINOLYTIC ENZYME PRODUCTION IN

PLEUROTUS PULMONARIUS

ABSTRACT: The highest level of laccase activity (391 Ul–1), as well as significant
Mn-oxidizing peroxidases production, were found in solid-state culture with grapevine
sawdust as the carbon source. After purification of extracellular crude enzyme mixture of
Pleurotus pulmonarius, grown in the medium with the best carbon source (grapevine
sawdust), three peaks of laccase activity were noted. The results obtained by purification
also showed that the levels of phenol red oxidation, in absence of external Mn2+, were
higher than phenol red oxidation levels in presence of external Mn2+. The highest laccase
activity was in the medium with grapevine sawdust, as carbon source, and NH4Cl at a ni-
trogen concentration of 30 mM (441 Ul–1). The best nitrogen source for Mn-oxidizing
peroxidase production was NH4NO3 at nitrogen concentration of 30 mM. The highest lac-
case activity was found in the presence of 5 mM Cu2+, and 5 mM Mn2+, respectively. The
absence of Cu2+ and Mn2+, as well as their presence at the concentration of 1 mM, led to
the peaks of Mn-oxidizing peroxidases activities. Zn2+ and Fe2+ caused a decrease, and Se,
in all investigated forms, an increase of laccase and peroxidases activities.

KEY WORDS: Pleurotus pulmonarius, laccase, Mn-oxidizing peroxidases, raw plant
materials, carbon and nitrogen sources, microelements

INTRODUCTION

Pleurotus pulmonarius (Fr.) Quél. is an edible and medicinal species that
belongs to the group of white-rot fungi, produces laccase (Lac), Mn-oxidizing
peroxidases [Mn-dependent peroxidase (MnP) and versatile peroxidase (VP)],
and aryl-alcohol oxidase (AAO), and has an ability to modify and degrade lig-
nin, and other aromatic compounds (M u ñ o z et al., 1997). Due to those pro-
perties, it can be cultivated on different lignocellulolytic materials, such as
most agricultural wastes, sawdust, paper products etc. (C r o a n, 2000). This
species can transform raw plant materials to feed and fuel, and participates in
biopulping, biobleaching of paper pulp, bioremediation of soils, and industrial
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waters polluted with toxic chemicals and dyes, etc. (R e d d y, 1995; C e r n i -
g l i a, 1997; O o i, 2000).

Ligninolytic enzyme production depends on cultivation conditions: sub-
merged or solid-state fermentation; carbon and nitrogen sources and concentra-
tions; presence of inducers and other small moleculs; and presence of different
microelements and their concentrations (L e o n t i e v s k y et al., 1994; M a n -
s u r et al., 1997; G a l h a u p and H a l t r i c h, 2001). Likewise, the signifi-
cance of P. pulmonarius intraspecies diversity in production of these enzymes
(S t a j i ã et al., 2004).

Submerged fermentation (SF) and solid-state fermentation (SSF) are cha-
racterized by different physical and chemical features. SSF conditions are very
similar to those existing in nature on the wood substrates, and under them fun-
gi may synthesize ligninolytic enzymes, set differently from those under SF
conditions.

Agricultural wastes are produced in enormous amounts worldwide, 123 x
106 tons per year (S m i t h et al., 1988). Chemical and physical degradations
of raw plant materials are very expensive and inefficient processes, while bio-
logical degradation is more acceptable.

Grapevine sawdust and mandarine peels represent very common agricul-
tural wastes in some regions, and they are prospective substrates for the bio-
conversion into fungal biomass and ligninolytic enzymes. Grapevine sawdust
contained: 0.7—0.8% of total nitrogen, 1.6—1.8% of reducing substances,
12—13% of hemicellulose, 23—26% of cellulose, and 23—26% of lignin,
while mandarin peels contained 1.1—1.3% of total nitrogen, 11—14% of re-
ducing substances, 32—34% of soluble carbohydrates, 12—14% of cellulose
and, 9—11% of lignin (T s i k l a u r i, 1999). Microelement concentrations in
grapevine sawdust are: 107 ppm Mn, 13 ppm Cu, 30 ppm Fe, and 73 ppm Zn
(K i l b y, 1999), while these concentrations in mandarine fresh fruit are signi-
ficantly lower: 0.4 gt—1 Mn; 0.6 gt—1 Cu; 2.6 gt—1 Fe, and 0.8 gt—1 Zn
( C h a p m a n, 1968).

The purpose of these investigations was to study the effect of different
inorganic and organic carbon and nitrogen sources, as well as different micro-
elements on production of Lac and Mn-oxidizing peroxidases in P. pulmona-
rius, under SF and SSF conditions.

MATERIALS AND METHODS

Organisms and growth conditions

Pleurotus pulmonarius HAI 572 originated from Czech Republic, and
preserved in the culture collection of the Institute of Evolution, University of
Haifa (HAI) was used for the investigations.

The inoculum was prepared by growing fungus at room temperature (22
± 2°C), on a rotary shaker at 180 rpm, in 250 ml flasks containing 100 ml of
synthetic medium (S t a j i ã et al., 2004). After 7 days of cultivation, mycelial
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pellets were harvested and homogenized using a laboratory homogenizer at
10,000 rpm.

The effect of different carbon sources on the production of laccase
and Mn-oxidizing peroxidases

SF was carried out at room temperature, on a rotary shaker at 180 rpm, in
250 ml flasks containing 50 ml of the synthetic medium, which contained
either 1% of one of the investigated carbon sources (Table 2), or 4% of dry
ground mandarin peels. The initial pH of the medium with mandarin peels, as
a carbon source, was adjusted to 9.4 prior to sterilization, so that the pH
would be 6.0 after sterilization, while in other cases it was adjusted to 6.0. Ho-
mogenized suspensions (of 5 ml) were used for inoculation of one flask. Bio-
masses were separated by centrifugation after 5 and 7 days of cultivation, and
clean supernatants were used to estimate enzyme activity.

SSF was carried out at 25°C in 100 ml flasks containing 4 g of grapevine
sawdust, and 12 ml of modified synthetic medium (without glucose and with
4.0 gl—1 of NH4NO3) pH 6.0. Suspensions (of 3 ml) after inocula homogeniza-
tion were used per flask. The extracellular enzymes were extracted after 7 and
10 days of cultivation, by sample grinding in a mortar, with 20 ml of distilled
water, for 5 min on ice. This procedure was repeated 3 times, and the obtained
extracts were mixed. Solids were separated by centrifugation, and supernatants
were used for measurements of the Lac and Mn-oxidizing peroxidases activities.

Three replications for each investigated carbon sources were used.

The effect of different nitrogen sources and concentrations on the
production of laccase and Mn-oxidizing peroxidases

One of the inorganic nitrogen sources [(NH4Cl), (NH4NO3), (NH4H2PO4),
(NH4)2SO4, and (KNO3), at a nitrogen concentration of 30 mM], or one of the
organic ones [bacteriological peptone, casein acid hydrolysate vitamin free, at
a concentration of 0.5%, and corn step liquor at a concentration of 0.8%] was
added to the modified synthetic medium without NH4NO3 and with the best
carbon source for ligninolytic enzyme production.

The effect of different concentrations of the best nitrogen sources for the
enzyme production was studied in a medium with 20 mM, 40 mM, and 60
mM of nitrogen.

The effect of different microelements and their concentrations on the
production of laccase and Mn-oxidizing peroxidases

The effect of different concentrations of Cu2+, Mn2+, Fe2+, Zn2+, and Se, in
the forms of: CuSO4 x 7 H2O, MnSO4 x H2O, FeSO4 x 7 H2O, ZnSO4 x 7
H2O, Na2SeO3, Na2SeO4, SeO2, on Lac, and the peroxidase production was stu-
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died in the modified synthetic medium with the grapevine sawdust, as the car-
bon source, and NH4NO3, as nitrogen source, at nitrogen concentration of 30
mM. The analyzed microelement concentrations were: (i) Cu2+ in the concen-
trations of: 0; 1 mM; 5 mM; 10 mM; (ii) Mn2+ in the concentrations of: 0; 1
mM; 3 mM; 5 mM; (iii) 1 mM of Zn2+, Fe2+ or Se.

Enzyme activity assays

Laccase activity was assayed using syringaldazine as a substrate, and by
measuring the increase in absorbance at 525 nm (e 525 = 65000 M—1 cm—1) for
60 seconds. The mixture contained: 0.1 M acetic buffer (pH 5.0), 1 mM syrin-
galdazine (dissolved in 96% of ethanol), and enzyme preparation (Vtot = 1 ml).

Activities of Mn-oxidizing peroxidases were determined by 3 mM phenol
red as the substrate, in a buffer with the following contents: succinic acid diso-
dium salt, albumin from bovine serum, and DL-lactic acid sodium salt, pH 4.5
(e 610 = 22000 M—1 cm—1). The mixture contained: buffer, enzyme prepara-
tion, 2 mM H2O2, and phenol red, with or without 2 mM MnSO4 (Vtot = 500
ml). Reaction was ceased by 2 M NaOH.

Enzymes purification

Purifications of Lac and Mn-oxidizing peroxidases were carried out on
10-day-old solid-state culture of P. pulmonarius, using FPLC AKTA explorer
(Pharmacia Biotech. Sweden). The supernatant from the solid-state culture,
after centrifugation, was filtrated using a 0.45 mm filter. The fluid was then
concentrated by ultrafiltration with a PM-10 membrane (10 kDa, Amicon).
The concentrated fluid was loaded onto a HITrap Q anion-exchange column (5
ml column, Pharmacia Biotech.) previously equilibrated with 20 mM sodium
acetate, pH 6.0. After washing with 6 column volumes (cv) of 20 mM sodium
acetate buffer, the enzyme was eluted by two linear NaCl gradients: 0—0.3 M
in 30 cv, and 0.3—1.0 M in 10 cv. 1.5 ml of each fraction was collected. Lac
activity of separated fractions was performed by 50 mM ABTS [2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid)] in phosphate buffer, pH 6.0 (e 436
= 29300 M—1 cm—1), and Mn-oxidizing peroxidases activities by 3 mM phenol
red.

RESULTS AND DISCUSSION

Effect of different carbon sources on the production of laccase
and Mn-oxidizing peroxidases

P. pulmonarius produced Lac under both submerged and solid-state con-
ditions, while the peroxidases production was significant only in solid-state
cultures (Table 1). SSF conditions of grapevine sawdust were the best for Lac
production (391 Ul—1, after 10 days of cultivation), in comparison to other car-
bon sources.
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Tab. 1 — Laccase activity in Pleurotus pulmonarius depending on the carbon source in the me-
dium

Species Strain
(No.) Carbon source Period of

cultivation (days)
Lac activity

(Ul–1)

P. pulmonarius 572

Glucose 7
10

2.82 ± 1.05
4.80 ± 0.08

Maltose 7
10

2.2 ± 0.3
6.9 ± 0.4

Mannitol 7
10

2.6 ± 1.1
5.00 ± 1.06

D-gluconic acid
sodium salt

7
10

7.24 ± 0.02
18.4 ± 0.5

Xylan 7
10

22.7 ± 2.5
12 ± 2

Cellulose 7
10

7.5 ± 0.7
15.0 ± 1.8

Carboxymethyl
cellulose

7
10

10.2 ± 0.3
16.2 ± 1.1

Dry ground
mandarin peels

5
7

2.45 ± 0.08
9 ± 4

Grapevine sawdust 7
10

350 ± 45
391 ± 18

SSF conditions of wheat bran were also the best for Lac production by a
Brazilian strain of P. pulmonarius, and under these conditions, Lac was the
main enzyme produced by this mushroom (M a r q u e s D e S o u z a, C. G.,
2002).

Regarding significant Mn2+ concentration in grapevine sawdust (K i l b y,
1999), and the fact that only trace Mn2+ concentrations could be enough for
MnP action (M a r t í n e z, 1996), in this case, it can not be spoken about MnP
and VP activities, but only about activity against phenol red, in presence and
absence of external Mn2+, respectively. Activity against phenol red in presence
of external Mn2+ increased during cultivation, while the activity in absence of
external Mn2+ decreased (Table 2).

After purification of extracellular crude enzymes from 10-day-old culture
of P. pulmonarius, grown in the medium with the most optimum carbon
source (grapevine sawdust), three peaks of Lac activity (153 Ul—1, 477 Ul—1,
3018 Ul—1), and one peak of activity against phenol red, in absence of external
Mn2+ (11.71 Ul—1), were observed, which was in accordance with results of
C a m a r e r o et al. (1996), who also obtained one peroxidase peak by purifi-
cation of 15-day-old SSF extracts of wheat straw.

Effect of different nitrogen sources and concentrations on the
production of laccase and Mn-oxidizing peroxidases

P. pulmonarius produced Lac and peroxidases under SSF conditions with
all investigated nitrogen sources and concentrations (Table 2 and 3).
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Tab. 2 — Laccase activity and activity against phenol red in presence and absence of external
Mn2+ in Pleurotus pulmonarius depending on the nitrogen source in the medium

Species Strain
(No.)

Nitrogen
source

Period of
cultivation

(days)

Lac activity
(Ul–1)

Activity against phenol red
(Ul–1)

+ Mn2+ – Mn2+

P.
pulmonarius

572

Peptone 7
10

352.4 ± 21.3
101.8 ± 7.6

48.1 ± 4.4
54 ± 28

12.4 ± 0.8
11.3 ± 0.9

Casein acid
hydrolysate
vitamin free

7
10

368.6 ± 22.6
276.9 ± 16.2

29.7 ± 2.4
44.3 ± 7.8

15.6 ± 0.8
19 ± 3

Corn step
liquor

7
10

273.3 ± 16.7
251.8 ± 0.7

56.8 ± 5.1
37.4 ± 4.1

16.6 ± 0.9
14.9 ± 3.7

KNO3
7

10
257 ± 22

201.9 ± 14.5
59.0 ± 3.2
31.9 ± 0.7

13.4 ± 0.3
20.6 ± 2.2

NH4Cl 7
10

325.6 ± 30.2
441.0 ± 11.6

32.2 ± 5.8
41.0 ± 0.5

9.6 ± 0.3
3.8 ± 0.9

(NH4)2SO4
7

10
335.8 ± 1.9
311.7 ± 6.7

40.3 ± 2.3
69.6 ± 3.0

10.1 ± 0.5
4.1 ± 1.3

NH4H2PO4
7

10
240.2 ± 106.9
310.2 ± 32.6

55.02 ± 2.05
61.2 ± 3.8

13.1 ± 1.3
4.6 ± 0.1

NH4NO3
7

10
281.4 ± 24.3
159.1 ± 10.8

71.6 ± 2.6
75.8 ± 2.1

12.6 ± 0.5
4.6 ± 1.6

Tab. 3 — Laccase activity and activity against phenol red in presence and absence of external
Mn2+ in Pleurotus pulmonarius depending on the nitrogen concentration in the medium

Species Strain
(No.)

Nitrogen
source

Nitrogen
concen-
tration

Period of
cultivation

(days)

Lac
activity
(Ul–1)

Activity against phenol
red (Ul–1)

+ Mn2+ – Mn2+

P.
pulmo-
narius

572 NH4NO3

20 mM
of N 710 344.1 ± 1.7

384 ± 2
32.4 ± 0.1
5.13 ± 0.04

11.16 ± 0.003
16.97 ± 0.02

40 mM
of N 710 282.7 ± 1.2

177.3 ± 4.1
40.63 ± 0.08
2.55 ± 0.01

10.28 ± 0.05
14.3 ± 0.1

60 mM
of N 710 168.7 ± 0.8

222.6 ± 1.7
34.27 ± 0.03

4.0 ± 0.1
11.28 ± 0.04
12.4 ± 0.1

The Lac level was the highest in the medium with NH4Cl, after 10 days
of cultivation (441.0 Ul—1), (Table 2). The peak of activity against phenol red,
in presence of external Mn2+ was found in the medium with NH4NO3, at nitro-
gen concentration of 30 mM. This activity increased during cultivation, while
activity against phenol red, in absence of external Mn2+, decreased in the me-
dia with almost all investigated nitrogen sources (Table 2).

These results are in accordance with the results of K a a l et al. (1995),
who have also noted more significant lignin mineralization by P. ostreatus, in
the presence of the high nitrogen concentration, in the form of glutamate, than
in the nitrogen limited medium. On the contrary to those results, H a m m e l
(1997) and M a s t e r and F i e l d (1998) emphasized that the ligninolytic
enzymes are produced during the fungal secondary metabolism, under condi-

308



tions of limited nitrogen. M a r t i n e z et al. (1996) found MnP production in
P. eryngii, P. ostreatus, P. pulmonarius, and P. sajor-caju in peptone medium,
but it was not detected in media with other investigated organic nitrogen sour-
ces (corn-step liquor, malt extract, and ammonium tartrate).

Effect of different microelements concentrations on the production
of laccase and Mn-oxidizing peroxidases

P. pulmonarius produced Lac and Mn-oxidizing peroxidases in the media
with all investigated Cu2+ and Mn2+ concentrations (Table 4). Lac activity
showed the highest level at Cu2+ and Mn2+ concentration of 5 mM, respec-
tively (413.19 Ul—1 and 345.59 Ul—1, respectively, on the 7th day of cultiva-
tion), (Table 4).

Metal ions (Cu, Mn, Cd, Hg, Pb) are an important group of modulators
of ligninolytic enzyme activity (W a r i i s h i et al., 1988; B a l d r i a n and
G a b r i e l, 2002). Cu2+ has an important role in Lac synthesis, regulating gene
transcription (P a l m i e r i et al., 2000; G a l h a u p and H a l t r i c h, 2001),
as well as influencing the enzyme activity and stability (B a l d r i a n and
G a b r i e l, 2002). P a l m i e r i et al. (2001) explained the positive effect of
Cu2+ on Lac synthesis by the results which showed that Cu2+ concentration of
1 mM decreases the activity of extracellular protease (to 77%), which is res-
ponsible for Lac degradation. Likewise, Cu2+ concentration of 1 mM also had
a stimulatory effect on the Lac production in Trametes pubescens, and the op-
timal concentrations were 1.5—2.0 mM (G a l h a u p and H a l t r i c h, 2001).
Mn2+, Fe3+, Zn2+ did not show any significant effect on total Lac activity, but
they influenced the production of the different Lac isoenzyme (P a l m i e r i et
al., 2000).

The highest levels of phenol red oxidation, in presence and absence of
external Mn2+, were obtained in the medium with 1 mM Cu2+ (45.00 Ul—1, on
the 10th day, and 65.25 Ul—1, on the 7th day of cultivation, respectively). Peaks
of these activities were noted in the medium without, and with 1 mM Mn2+,
respectively (62.8 Ul—1, on the 10th day, and 67.3 Ul—1, on the 7th day of culti-
vation) (Table 4).

Mn2+ is both an active mediator for MnP, and a regulator of MnP, Lac,
and lignin peroxidase production (K e r e m and H a d a r, 1993). B o n n a r m e
and J e f f r i e s (1990) showed that levels of MnP production in Basidiomy-
cetes were higher in the medium with MnSO4 or MnCl2 (up to 24 times), in
comparison with those in the medium without Mn2+. M a r t í n e z et al.
(1996) and C a m a r e r o et al. (1996) showed that MnP production in P.
eryngii, P. ostreatus, P. pulmonarius, and P. sajor-caju, cultivated under sub-
merged and solid-state conditions, depended on the Mn2+ concentration. M a r -
t i n e z et al. (1996) obtained the highest level of the peroxidase activity at P.
eryngii cultivation in the glucose/peptone/yeast extract medium, without Mn2+,
under SF conditions, and purified two peaks with Mn-independent activity.
However, Mn2+ concentration of 5 mM produced significant decrease (approxi-
mately 90%), and no peroxidase activity was found at Mn2+ concentration of
25 mM.
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Tab. 4 — Laccase activity and activity against phenol red in presence and absence of external
Mn2+ in Pleurotus pulmonarius depending on the concentration of Cu2+ and Mn2+ in the medium

Species Strain
(No)

Concentration
of Cu2+ and

Mn2+

Period of
cultivation

(days)

Lac activity
(Ul–1)

Activity against phenol red
(Ul–1)

+ Mn2+ – Mn2+

P. pulmo-
narius

572

Control
(-Cu) 710 308.37 ± 9.36

216.49 ± 11.66
14.09 ± 0.31
46.73 ± 0.07

58.22 ± 3.06
58.91 ± 0.96

1mMCu 710 355.21 ± 34.56
209.13 ± 1.30

13.79 ± 1.12
45.00 ± 1.11

65.25 ± 2.22
25.46 ± 4.95

5mMCu 710 413.19 ± 6.72
147.92 ± 28.54

9.83 ± 0.79
15.64 ± 0.38

13.35 ± 1.34
23.69 ± 1.86

10mMCu 710 358.54 ± 6.00
287.32 ± 61.03

3.71 ± 0.40
27.33 ± 6.64

8.66 ± 0.40
14.39 ± 1.03

Control
(-Mn) 710 308.90 ± 8.97

199.57 ± 13.63
17.41 ± 1.66
62.87 ± 9.54

37.28 ± 1.25
9.25 ± 1.00

1mM Mn 710 295.62 ± 8.90
87.10 ± 14.47

17.14 ± 0.62
38.14 ± 2.86

67.33 ± 1.01
59.12 ± 6.67

3mM Mn 710 309.60 ± 20.04
185.18 ± 5.45

17.10 ± 1.19
17.37 ± 1.93

58.49 ± 5.77
45.15 ± 5.14

5mM Mn 710 345.59 ± 19.00
229.95 ± 18.71

20.06 ± 0.91
58.45 ± 1.63

61.91 ± 0.53
54.62 ± 4.11

The addition of Zn2+ and Fe2+ to the medium, at a concentration of 1
mM, led to decrease of Lac activity compared to the control. The presence of
the same concentration of Se, in the forms of Na2SeO3 and SeO2, caused an in-
crease of Lac activity, while activity in Na2SeO4-enriched medium was similar
to that in the control. The presence of Zn2+ or Fe2+ in the medium caused a
decrease, and the presence of Se a slight increase of phenol red oxidation le-
vels in both presence and absence of external Mn2+. According to B a l -
d r i a n and G a b r i e l (2002), Zn2+ added to liquid nitrogen-limited me-
dium, at a concentration of 1 mM, caused a decreased Lac activity, which is
contrary to these results. There is no literature data about the influence of Fe
and Se on the production of Lac and Mn-oxidizing peroxidases by P. pulmo-
narius.

This study presents another attempt of finding the optimal conditions for
successful cultivation of P. pulmonarius, and production of the ligninolytic
enzymes, which have the most important role in the processes of biotransfor-
mation of raw plant materials to feeds and fuels, and paper manufacturing.
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Rezime

Najviši nivo lakazne aktivnosti (391 Ul–1) i znaåajna produkcija Mn-ok-
sidujuãih peroksidaza naðeni su u åvrstoj kulturi sa piqevinom vinove loze
kao izvorom ugqenika. Posle preåišãavawa ekstracelularne sirove smeše en-
zima P. pulmonarius koja je rasla na podlozi sa najboqim izvorom ugqenika
(piqevina vinove loze), zabeleÿena su tri pika lakazne aktivnosti. Preåišãa-
vawem smeše je takoðe pokazano da su nivoi oksidacije fenol reda u odsustvu
spoqašweg Mn2+ bili viši nego nivoi oksidacije fenol reda u prisustvu
spoqašweg Mn2+. Najviša lakazna aktivnost je bila u podlozi sa piqevinom
vinove loze, kao izvorom ugqenika, i NH4Cl pri koncentraciji azota od 30 mM
(441 Ul–1). Najboqi izvor azota za produkciju Mn-oksidujuãih peroksidaza je bio
NH4NO3 pri koncentraciji azota od 30 mM. Najveãa lakazna aktivnost je zabe-
leÿena u prisustvu 5 mM Cu2+ odnosno 5 mM Mn2+. Mn-oksidujuãe peroksidaze
su pokazale pik aktivnosti u odsustvu Cu2+ i Mn2+, kao i wihovom prisustvu u
koncentraciji od 1 mM. Prisustvo Zn2+ i Fe2+ su prouzrokovali smawewe, a Se,
u svim prouåavanim formama, poveãawe i lakazne i peroksidaznih aktivnosti.
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PRODUCTION OF EXO-PECTINASE BY
PENICILLIUM ROQUEORTI USING PUMPKIN OIL CAKE

ABSTRACT: Submerged fermentation (SmF) was carried out using the pumpkin oil
cake (PuOC) as a substrate for the production of exo-pectinase (exo-p) by Penicillium
roqueforti. PuOC was used as carbon, nitrogen and mineral source for fungi growth and
exo-p production. SmF was carried out in the production medium containing 0.2% KH2PO4,
0.1% MgSO4 and 0.1% NaCl, supplemented with PuOC at 2% concentration. The obtained
results show that P. roqueforti cultivated in a liquid medium in the presence of PuOC as a
source of nitrogen, produced significant amount of exo-p, activity 161.03 U/ml.

KEY WORDS: pectinase, pumpkin oil cake, Penicillium roqueforti, submerged fer-
mentation

INTRODUCTION

Agro-industrial residues are generally considered as convenient substrates
for biotechnological processes (P a n d e y et al., 2000). Wheat bran (S u -
m a n t h a et al., 2005, T a r a g a n o et al., 1997), sugar beet (S o l i s - P e -
r e i r a et al., 1993), coffee pulp (B o c c a s et al., 1994), lemon peel (S i e s -
s e r e et al., 1989), apple pomace (P e r i å i n et al., 1992), grape pomace
( B o l t e l l a et al., 2007) and deseeded sunflower head (P a t i l, 2006), have
been employed for the cultivation of microorganisms to produce pectinase. In
recent years there has been an increasing trend towards efficient utilization and
value-addition of oil cakes. Biotechnological process has contributed enor-
mously to such reutilization. There are several reports describing the applica-
tion of sunflower oil cake (SuOC), sesame oil cake (SOC), soy-bean cake
(SBC), coconut oil cake (COC) and olive oil cake (OOC) for microbial pro-
duction of enzymes (R a m a c h a n d r a n et al., 2006). In this respect, use of
pumpkin oil cake (PuOC), as fermentation media, may be of an interest.

PuOC cake is a by-product obtained after oil extraction from dried pump-
kin seed. Its only use is to feed animals and no other application has been
found, yet. Due to their composition (soluble sugars, crude proteins, crude fi-
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bers, lipids and trace amounts of minerals), PuOC could serve as a good sub-
strate for SSF and SmF production of enzymes.

Microorganisms, especially fungi, owing to their GRAS (Generally Re-
garded As Safe) nature, have now become popular, especially with respect to
enzyme application in the food industries (P a n d e y, 1992). Aspergillus and
Penicillium sp. are the predominant fungal sources of the pectinase (B o t e l -
l a et al., 2007, B l a n d i n o et al., 2001).

Penicillium roqueforti is a filamentous fungus used in the dairy industry,
and plays an important role in blue cheeses production. Although P. roqueforti
is able to produce several mycotoxines, such as PR-toxin, eremofortin, roque-
fortin C, mycophenolic acid patulin, penicillic acid and isofumigiclavins, these
toxins are unstable or of low concentration (V a l i k et al., 1999). Some stra-
ins that are considered as GRAS are used as starters, for cheese production.

There are several reports describing the use of oil cake for producing
enzymes by different fungi, but there is no data about P. roqueforti.

The objective of this work was to investigate the potential of PuOC as a
substrate for the production of exo-p using a GRAS strain of P. roqueforti in
submerged fermentation (SmF). To the best of our knowledge this is the first
report on pectinase production using PuOC.

MATERIAL AND METHODS

Microorganisms and maintenance of culture

Penicillium roquefroti was used in this study. The fungi was grown and
maintained on potato dextrose agar (PDA) slants. Spore suspension of 108 spo-
res/ml in 0.1% of Tween 80, produced from one-week-old fully sporulated
slant, was used for inoculation.

Substrates

Substrates used in the study were PuOC. Chemical composition is shown
in Table 1.

Tab. 1 — Chemical composition of substrate (all values expressed as percent)

Constituent Value
Dry weight 97,62
Crude protein 63.52
Crude fiber 4.50
Crude fat 8.66
Soluble sugar 1.10
Ash 8.80
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Media and fermentation procedure

SmF was carried out by taking 50 ml of the production medium, con-
taining 0.2% KH2PO4, 0.1% MgSO4 and 0.1% NaCl in 300 ml Erlenmeyer
flask. This was supplemented with PuOC at 2% of the concentration. All the
flasks were autoclaved at 121.5°C for 20 min and after cooling were inocula-
ted with 1 ml of spore suspension and incubated on a rotary shaker at 180 rpm
at 26°C for a desired period.

During the fermentation, samples (inoculated and without inoculate) were
collected from the shaker at regular intervals during 24 h (every day from the
beginning of the process) for further analysis. Samples were filtrated, and fil-
trate was used for measuring the pH, reducing sugars, proteins and exo-pecti-
nase activity. Solids were used for measuring the cell dry weight.

Biomass production measurement

Biomass production was measured as dry weight (DW). DW measure-
ment was based on differences between weight of filter paper measured before
and filter paper with biomass, measured after drying.

After filtration, filtrate was removed and solids on the filter papers were
dried at 40°C for about 2 days, until a constant weight was obtained.

Enzyme assay

Exo-pectinase (exo-p) activity was measured according to the literature
( A g u i l a r et al., 1990). One unit was defined as the amount of enzyme that
catalyzed the formation of 1 mmol of galacturonic acid per hour at pH 5.0.

Analytical methods

Protein content was determined by the method of L o w r y (1951), with
BSA as a standard.

Concentration of reducing sugars was examined by DNS method by
M i l l e r (1959).

RESULTS

As it can be seen in Fig. 1, it was possible to grow P. roqueforti using
PuOC as the sole nutrient source in the culture medium. P. roqueforti biomass
was determined by measuring DW. Growth of P. roqueforti was low during
the first five days, but later an increase was obtained. This trend can be
explained considering both the rate of suspended solids consumption and the
rate of microorganism growth. Moreover, it is necessary to consider that DW
measurements from the bulk liquor include all solids present in the fermenta-
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tion broth. In this respect, we decided to measure both the inoculated medium
and the same one, but without inoculate (WI). The obtained results are in cor-
relation with previous works (B l a n d i n o et al., 2001, W e b b et al., 1997).

Fig. 2 showed that the production of exo-p was significant, under these
experimental conditions.

As it can be seen, exo-p showed two-phase kinetics. In the first stage, a
continuous increase in exo-p activity was observed, obtaining the highest value
on the 3rd day. This phase is in correlation with lag phase of growth of P.
roquefotri (Fig. 1). In the second stage, 6th day of fermentation, second maxi-
mum was reached. In the beginning, fungi used for its growth the fermentable
sugars and synthesed basal activity of exo-p, which was followed by the
maximum activity of 111.75 U/ml. When the easy-degradable sugars were
exhausted from the medium, and basal activity of exo-p were secreted, the
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Fig. 1 — Dry weight time course in inoculated medium
and in one without inoculate

Fig. 2 — Time course of exo-pectinase production during
cultivation in shake flasks



fungi started to degrade more complex compounds and exo-p activity started
increasing more, after the fourth day of the inoculation. New obtained maxi-
mum was 161.03 U/ml. Hydrolysing polysaccharides, the amount of reduced
sugar increased, although the fungi were using them for their growth (Fig. 3).

Fig. 4 illustrated the comparison of time course of protein concentration
during the fungi cultivation, in fermentation medium and in medium without
inoculums (WI). The obtained results show an increase of protein amount, in
inoculated medium, which is in correlation with the production of enzyme sec-
retion, shown in Fig. 2.

The crude extract of the pectinase P. roqueforti showed high activity after
five days of cultivation, as it was shown in Fig. 1, which was followed with
the increase of pH in fermentation medium (Fig. 5).
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Fig. 3 — Time course of reducing sugar during submerged
fermentation of P. roqueforti

Fig. 4 — Time course of soluble protein during submerged
fermentation of P. roqueforti



DISCUSSION

Based on the results, we found that P. roqueforti cultivated in a liquid
medium in the presence of PuOC as a source of nitrogen, produced significant
amount of exo-p. Firstly, fungi used the fermentable sugars from the cake for
their growth, and later they started consuming more complex compounds,
which led to higher concentration of reducing sugars in the cultivation me-
dium. After six days of fermentation the amount of reducing sugars in medium
with and without inoculation, were 1.67 and 0.44 mg/ml, respectively. It
should be also, pointed out, that with enzyme production, pH increases, which
is not in agreement with the findings of F r i d e r i c h et al., 1989, who stated
that the growth of A. niger was followed with acidification and decreasing
of pH.
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PRODUKCIJA EGZO-PEKTINAZA IZ PENICILLIUM ROQUEFORTI
NA BUNDEVINOJ UQANOJ POGAÅI

Dragiwa M. Periåin, Senka Z. Maðarev,
Q. M. Raduloviã, Marija Škriwar

Tehnološki fakultet, Univerzitet u Novom Sadu,
Bul. Cara Lazara 1, Novi Sad, Srbija

Rezime

Ciq ovog rada je bio istraÿivawe mikrobiološke konverzije i revalori-
zacije bundevine uqane pogaåe (PuOC) pomoãu biotehnoloških postupaka. Izve-
dena je submerzna kultivacija pomoãu plesni Penicillium roqueforti (GRAS sta-
tus), a u ciqu dobijawa egzo-pektinaza (egzo-p).

Submerzna fermentacija (SmF) izvedena je u teånoj podlozi sa 0.2% KH2PO4,
0.1% MgSO4 i 0.1% NaCl, u koju je dodato 2% PuOC. Dobijeni razultati pokazuju
da je produkcija egzo-p pomoãu P. roqueforti u ovakvoj podlozi moguãa, da se en-
zim pokoreva dvostepenoj kinetici i da ima prvi maksimum aktivnosti, vred-
nosti 111.75 U/ml, treãeg dana kultivacije i drugi maksimum, åija je vrednost
161.03 U/ml, šestog dana procesa.
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EFFECTS OF LACTOBACILLUS SPP. ON MOULD AND
YEAST GROWTH IN THE ENSILING PROCESS

ABSTRACT: The paper includes the results of effect of preparations Biomax SI
(Lactobacillus plantarum) and Biomax WS (L. plantarum and Pediococcus pentosaceus) on
mould and yeast growth in the ensiling process. The following has been analyzed: total
number of mould and yeast, specific rate of mould and yeast growth, pH, content acid (lac-
tic, acetic and butyric acid), moisture and temperature in bales during 30 days of lucerne
ensiling.

KEY WORDS: bacterial inoculates, Biomax SI, Biomax WS, ensilage of lucerne, lac-
tic acid bacteria, Lactobacillus plantarum, lucerne

INTRODUCTION

In the case of intensive animal production concept of feed production
should be based on the maximum use of natural resources. The aim of this
concept is the produce enough quantity of ponderous feed during the whole
year. Ponderous feed is mostly made from hay, silage and ensilage of lucerne,
grass leguminoze mixture, silage of corn etc. There is a need for higher quality
of lucerne ensilage during the whole year. In order to provide the best quality
ensilage, bacterial inoculates, Biomax SI and Biomax WS, were used.

Using bacterial inoculates as additives, which main metabolic production
is lactic acid, is a natural way to intensify the process of fermentation in si-
lage, and decrease the pH value in order to provide efficient conserving of nu-
tritive components. The importance of using bacteria as additives for ensiling
is in numerous advantages they have over chemical additives: easy use, safe
action, they are not corrosive for machines, and they do not pollute the envi-
ronment (A n t o v et al., 2004).

According to B o l s e n (1999) and B o l s e n et al. (2000), in USA 150
additives are used, of which 80 are bacterial additives. There are 203 additives
available on the market of the European Union, of which 87 are bacterial addi-
tives.
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The main aim of this research was to investigate the effects of Biomax SI
and Biomax WS preparations on moulds and yeasts during the ensilage pro-
cess of lucerne.

MATERIAL AND METHODS

In these experiments, ensilage of lucerne, harvested in 2005 in Vojvodina,
on the parcels of company “PIK-Beåej" A.D. “Poljoprivreda" was used. In the
first experiment, harvested lucerne was treated with Biomax SI. In 100g of
Biomax SI 100L water without chlorine was added, and well homogenized.
Two litres of this solution were sprayed on one tone of lucerne sheeted to
20—30 cm layer. Then, lucerne baling, using six layered of polyethylene foil
was performed by Krone press machine and bales of 500kg weight were for-
med. In the second experiment, 60g of Biomax WS was diluted with 200L of
water without chlorine and well homogenized. Two litres of this solution were
sprayed on one tone of lucerne, and bales of 500kg weight were formed in the
same way as in the first experiment. The samples were taken from the bales
treated with Biomax SI and Biomax WS, during the first six days and then on
the 12th, 18th, 24th and 30th day of ensiling.

Biomax SI is an additive for silage of grass, clover, fresh lucerne, corn
and silage of whole plant. It is produced by CHR Hansen Denmark and it con-
tains Lactobacillus plantarum (50 billions CFU/g).

Biomax WS is an additive for silage of corn and whole plant. It is produ-
ced by CHR Hansen Denmark and it contains Lactobacillus plantarum and
Pediococcus pentosaceus (50 billions CFU/g).

All used materials were sampled according to the feed sampling methods
regulated by the “Pravilnik o metodama uzimanja uzoraka i metodama fiziå-
kih, hemijskih i mikrobioloških analiza — Sl. list SFRJ br. 15/1987".

Investigation of the effects of Biomax SI and Biomax WS preparations
on moulds and yeasts, during the ensilage process of lucerne, was performed
in two experiments. In the first experiment, the samples were taken from bales
treated with Biomax SI, during the first six days, and then on the 12th, 18th,
24th and 30th day of ensiling for performing microbiological and chemical
analyses. Microbiological investigation included the determination of total num-
ber of moulds and yeasts, and specific rate of mould and yeast growth. The
following analyses were done: measurements of pH value, acid content (lactic,
acetic and butyric acid), moisture and temperature in bales of lucerne during
30 days of ensiling. In the second experiment, the samples were taken from
bales treated with Biomax WS, in the same manner as described above.

The evaluation of total number of moulds and yeasts was performed ac-
cording to the indirect Koch's method (Š k r i n j a r, 2001).

The evaluation of specific rate of mould and yeast growth was achieved
using the equation (P e j i n, 2003): m = (ln N (t) — ln N (o))/t (m — specific
rate of microorganism growth, N (t)-number of microorganisms in time t, N
(o)-number of microorganisms in time zero, i.e. at the beginning, t-time).

Chemical analyses (measurements of pH value, acid content (lactic, acetic
and butyric acid content by destilation), moisture and temperature in bales of
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lucerne) were performed according to the methods of K o l a r s k i and P a -
v l i å e v i ã (1970).

RESULTS

The effects of Biomax SI and Biomax WS preparations on the total num-
ber of moulds are presented in Table 1 and Figure 1.

Tab. 1 — Effects of preparations Biomax SI and Biomax WS preparations on total number of mo-
ulds during 30 days of lucerne ensiling.

NM 1st

day
2nd

day
3rd

day
4th

day
5th

day
6th

day
12th

day
18th

day
24th

day
30th

day

SI 1.280 3.450 3.650 3.200 2.580 1.580 0 0 0 0
WS 1.950 4.550 5.500 5.450 4.200 2.900 0 0 0 0

NM — number of moulds; SI — Biomax SI; WS — Biomax WS

The effects of preparations Biomax SI and Biomax WS preparations on
the specific rate of mould growth are presented in Figure 2.
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Fig. 1 — Effects of Biomax SI and Miomax WS preparations on total number of moulds
during 30 days of lucerne ensilage



The effects of Biomax SI and Biomax WS preparations on total number
of yeasts are presented in Table 2. and Figure 3.

Tab. 2 — Effects of Biomax SI and Biomax WS preparations on total number of yeasts during 30
days of lucerne ensiling

NY 1st

day
2nd

day
3rd

day
4th

day
5th

day
6th

day
12th

day
18th

day
24th

day
30th

day

SI 180 650 1.000 1.110 1.130 1.120 120 110 0 0
WS 260 710 1.250 1.350 1.400 1.390 150 120 0 0

NY — number of yeasts (x 106); SI — Biomax SI; WS — Biomax WS
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Fig. 2 — Specific speed of mould growth during 30 days of ensiling lucerne treated with
Biomax SI and Biomax WS

Fig. 3 — Effects of Biomax SI and Biomax WS preparations on total number of yeasts
during 30 days of lucerne ensilage



The effects of Biomax SI and Biomax WS preparations on the specific
rate of yeast growth are presented in Figure 4.

Figure 5. represents the changes in pH value of lucerne ensilage treated
with Biomax SI and Biomax WS during 30 days of ensiling.

Figure 6. represents the percentage of lactic acid in lucerne ensilage trea-
ted with Biomax SI and Biomax WS during 30 days of ensiling, and Figure 7.
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Fig. 4. — Specific speed of yeast growth during 30 days of ensiling lucerne treated
with Biomax SI and Biomax WS

Fig. 5 — pH value in lucerne ensilage treated with Biomax SI and Biomax WS during
30 days of ensiling



represents the percentage of free and total acetic acid in lucerne ensilage trea-
ted with Biomax SI and Biomax WS during 30 days of ensiling.

In Table 3. and Table 4. contents of free and total butyric acid in lucerne
ensilage treated with Biomax SI and Biomax WS during 30 days of ensiling
are displayed.
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Fig. 6 — The percentage of lactic acid in lucerne ensilage treated with Biomax SI
and Biomax WS during 30 days of ensiling

Fig. 7 — The percentage of free and total acetic acid in lucerne ensilage treated
with Biomax SI and Biomax WS during 30 days of ensiling



Tab. 3 — Effects of Biomax SI and Biomax WS preparations on free butyric acid during 30 days
of lucerne ensiling

FBA 1st

day
2nd

day
3rd

day
4th

day
5th

day
6th

day
12th

day
18th

day
24th

day
30th

day

SI 0 0 0 0 0 0 0 0 0 0
WS 0 0 0 0 0 0 0 0 0 0

FBA — free butyric acid; SI — Biomax SI; WS — Biomax WS

Tab. 4 — Effects of preparations Biomax SI and Biomax WS preparations on total butyric acid
during 30 days of lucerne ensiling

TBA 1st

day
2nd

day
3rd

day
4th

day
5th

day
6th

day
12th

day
18th

day
24th

day
30th

day

SI 0 0 0 0 0 0 0 0 0,01 0
WS 0 0 0 0 0,01 0 0 0 0 0

TBA — total butyric acid; SI — Biomax SI; WS — Biomax WS

In Figure 8. and Fig. 9. moisture in lucerne, and temperature in bales of
lucerne ensilage treated with Biomax SI and Biomax WS during 30 days of
ensiling are shown.
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Fig. 8 — Moisture in lucerne during 30 days of ensiling treated with Biomax SI
and Biomax WS



DISCUSSION

From the obtained results, it can be seen that both preparations, Biomax
SI and Biomax WS, completely supressed the growth of moulds on the 12th

day of ensiling (Table 1, Fig. 1. and Fig. 2).
The presence of moulds in silage can change its savor, and nutritive value

and decrease the content of carbohidrates and proteins in silage. Yet, the most
important is that moulds in silage can disintegrate proteins and produce myco-
toxins. The presence of moulds does not always mean the production of
mycotoxins, but under certain conditions, the production of mycotoxins can be
very fast and toxins can be very stable for a long period of time after the stunt
of moulds. Aspergillus fumigatus is capable of producing toxic alkaloid klavin
(E d w a r d s and M c D o n a l d, 1989).

The conditions that favour the growth of moulds are (A n t o v et al.,
2004): moisture above 13%, relative moisture above 70%, temperature over
13°C, easily acceptable nutritive ingredients, pH value above 5, presence of
oxygen.

The growth of moulds in silage will be inhibited by low pH value,
however it can be supported by the presence of non fermentable carbohidrates.

Toxigenic strains of moulds can provoke intensive intoxications in hu-
mans and animals. Toxigenic strains belong to genera Aspergillus, Fusarium,
Penicillium, Stachybotris, Claviceps, Ustilago and Puccinia. The strains grow
and produce mycotoxins in food and feed only under appropriate conditions of
moisture and temperature. One should bear this mind during storing and pre-
serving feed, particularly grains (R a d a n o v - P e l a g i ã, 2000).

The number and types of filospherical microorganisms depend on: plant
type, composition and amount of exudates, pH value, temperature and mois-
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Fig. 9 — Temperature in bales of lucerne ensilage treated with Biomax SI and
Biomax WS during 30 days of ensiling



ture. According to G o v e d a r i c a and J a r a k (2001) there are 106 and 108

CFU/g of bacteria and yeasts on plants which are used for feed preparation.
These findings are in accordance with the results gained in this paper. The ini-
tial number of yeasts was 180 � 106 in the ensilage of lucerne treated with
Biomax SI (Table 1), and in the ensilage of lucerne treated with Biomax WS
was 260 � 106 (Table 2).

From the results shown in Table 2. and Figure 3. it can be seen that both
preparations (Biomax SI and Biomax WS) reduced the number of yeasts
totally on the 24th day of ensiling.

According to A n t o v et al. (2004), the majority of yeasts grow on tem-
perature between 0 and 37°C, but several of them are adapted to temperatures
above 43°C. The number of yeasts increases if the temperature is higher than
40°C during the aerobic spoilage. They are more sensitive on higher tempera-
tures than clostridiums. It has been noticed that the number of yeasts usually
grow during wilting of sow, that is obvious for fermentative yeasts and yeasts
that are using lactate. That explains why aerobic spoilage is more frequent
when ensiling drier mass with low compactness. Since soil is a reservoir of
yeasts, the possibilities of contamination during wilting are higher, especially
after the mechanical turning over of wilting mass. Silages with yeast popu-
lation that counts 105CFU/g are considered especially susceptible to aerobic
spoilage. After two or three days of aerobic exposure the total number of
yeasts can increase to 1012CFU/g. Diffusion of oxygen is very important for
population of yeasts that assimilate lactate. Yeasts usually grow in the range of
pH values from 3 to 8, while the optimal level for the most of them ranges
from 3,5 to 6,5. Under aerobic conditions, they tolerate the presence organic
acids (lactic, acetic, citric, malatic, propionic, fumaric acid) better than other
microorganisms.

It can be concluded that both preparations have the same effects on the
specific rate of yeast growth during 30 days of lucerne ensiling (Figure 4).

Lucerne, grass, small grain corn with high moisture content, usually react
well to microbiological inoculation with homofermentative lactic acid bacteria.
Recapitulating the results of the researches that were published in the period
1985—1990, M u c k and B o l s e n (1990) concluded that in more than 2/3
in inoculated silages was a significant decrease in pH value and increase in
lactic acid content, which is similar to the results obtained in this paper (Fi-
gure 5). In the experiment of lucerne ensiling with Lactobacillus plantarum
( A n t o v and Å o b i ã, 1991), the obtained lactic acid content varied from
8,94 to 10,95% in the silage with 30% of dry matter (d.m.) and in the silage
with 50% d.m., the lactic acid content ranged from 4,59 to 6,91%, which is
not in agreement with the results achieved in this paper, where the lactic acid
content ranged from 0,80 to 2,50% for lucerne ensilage (44,20% d.m.), treated
with Biomax SI and from 0,66 to 1,96% for lucerne ensilage (44,30% d.m.),
treated with Biomax WS (Figure 6).

Regarding the effects of Biomax SI and Biomax WS preparations on ace-
tic acid content (Figure 7) in lucerne ensilage (44,20% d.m.) treated with
Biomax SI, the acetic acid content ranged from 0,40 to 1,13%, and in lucerne
ensilage (44,30% d.m.) treated with Biomax WS, the acetic acid content ran-
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ged from 0,86 to 1,48%, which is in conflict with the findings of A n t o v and
Å o b i ã (1991), where acetic acid content continuously decreased from 2,14
to 0,81% (30% d.m.) and from 0,98 to 0,51% (50% d.m.).

Percentage of free butyric acid was 0 in both treatments, while very low
content of total butyric acid (0,01%) was found in lucerne ensilage treated
with Biomax SI on the 24th day of ensiling, and on the 5th day of ensiling in
lucerne ensilage treated with Biomax WS. These results prove the good tech-
nological procedure during the ensiling as well as positive effects of Biomax
SI and Biomax WS on the ensiling process (Table 3. and Table 4).

At the end, it should be emphasized that bacterial additives as well as
enzymes, are not so omnipotent to produce qualitative ensilage from low
quality material, using inapropriate technological procedure (A n t o v et. al.,
2004).
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UTICAJ LACTOBACILLUS SPP. NA PLESNI I KVASCE
U PROCESU SENAŸIRAWA LUCERKE
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„PIK-Beåej", „Poqoprivreda" A.D., Bore Vlajkova 61,

21220 Beåej, Srbija

Rezime

Rad sadrÿi rezultate ispitivawa uticaja dva preparata Biomax SI (Lacto-
bacillus plantarum) i Biomax WS (Lactobacillus plantarum i Pediococcus pentosa-
ceus) na rast plesni i kvasaca u procesu senaÿirawa lucerke. Raðene su sledeãe
analize: ukupan broj plesni i kvasaca, specifiåna brzina rasta plesni i kva-
saca, pH, sadrÿaj kiselina (mleåna, sirãetna i buterna kiselina), zatim vlaga
i temperatura pod uticajem oba preparata u procesu senaÿirawa tokom 30 dana.

331


