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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.

The first scientific meeting MYCOLOGY, MYCOTOXICOLOGY AND
MYCOSES with international participation is organized with the aim of gathe-
ring as many as possible researchers from our country and other countries as
well, dealing with the same problematics.

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 first scientific meeting MYCOLOGY, MYCOTOXICOLOGY AND
MYCOSES with international participation is organized within Department of
Sciences of Matica srpska, and held from 20—22 April 2005 in Matica srpska.

President of the Scientific Committee
Professor Maria Skrinjar, Ph.D.
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FUNGI AND OCHRATOXIN A — FREQUENCY
IN FOOD AND RAW MATERIALS FOR THEIR

PRODUCTION IN SERBIA

ABSTRACT: Contamination of various types of foods (cereals and their products, ra-
isins, dry sausages, cheese) with moulds and ochratoxin A (OTA) was examined. All sam-
ples were contaminated with moulds to a different degree. About 25% of wheat samples
from the localities Niš and Leskovac, 70% from the locality Kikinda, graham flour (1 sam-
ple), barley flakes (1 sample), graham bread, barley bread, 60% of “healthy food" product
samples, 20% of dry sausage samples and 20% of melted cheese samples were contamina-
ted with OTA.

KEY WORDS: fungi, ochratoxin A, food, raw materials

INTRODUCTION

Ochratoxin A (OTA) in a mycotoxin very often detected in our country
in feeds and foods, as well as in raw materials for their production (Š k r i -
n j a r et al., 1992, 2003, 2004; S t o j a n o v i ã, 1999; Š k r i n j a r and K o -
c i ã - T a n a c k o v, 2005).

OTA is a secondary metabolite of some fungal species from the genera
Aspergillus and Penicillium. According to P o h l a n d et al. (1992), a fungal
species, first found to be able to produce a toxic metabolite, later named OTA,
is A. ochraceus. Our few-years investigations indicate that in mycopopulations
isolated from feeds and foods ochratoxin A — producing Penicillium species
are predominant (Š k r i n j a r, 1984, 1992; Š k r i n j a r et al., 1989, 1991,
2002; Š k r i n j a r and D a n e v, 1994; S t o j a n o v i ã, 1999; S t o j a n o -
v i ã et al., 2002). Having this in mind, it is necessary to point out high fre-
quency of P. aurantiogriseum and P. chrysogenum. These species are known
for the production of various toxic metabolites, including OTA (S a m s o n
and v a n R e e n e n - H o e k s t r a, 1988; Š k r i n j a r, 1984; Š k r i n j a r et
al., 1992).
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OTA can induce nephrotoxicity in various animal species. It is known as
an immunosuppressor, a teratogen, a genotoxin and a carcinogen metabolite.
Also, it is possibly involved in the Balkan endemic nephropathy in humans
( P e t k o v a - B o c h a r o v a and C a s t e g n a r o, 1985; P e t k o v a - B o -
c h a r o v a et al., 1988).

In this paper the results of the presence of OTA in some agricultural pro-
ducts and various kinds of food will be presented.

MATERIALS AND METHODS

Contamination of various agricultural products and some kinds of foods
with OTA and moulds was investigated as follows: wheat (25 samples), flour
(3 samples — graham, rye, barley) bran (1 sample), “kernels of health" (1
sample), bread (4 samples), bio goods (1 sample), “healthy food" products
(corn flakes — 3 samples, wheat flakes — 3 samples, oat flakes — 3 samples,
whole grain rice — 3 samples, raisins — 3 samples), dry sausages (15 sam-
ples) and cheeses (145 samples).

In all samples mycological (determination of total viable counts of mo-
ulds per 1 g, isolation and identification of fungal species) and mycotoxico-
logical analyses were carried out.

Mycological analyses. The determination of the total number of fungi per
1 g of sample and their isolation were performed using standard Koch's met-
hod and/or direct plating method. Sabouraud maltose agar with streptomycin
(0.01—0.02%) was used as an isolation medium. Incubation was carried out at
25°C for 5 to 7 days. Identification of fungal species was done according to
S a m s o n and v a n R e e n e n - H o e k s t r a (1988).

OTA analyses. Qualitative and quantitative determination of OTA was
performed by TLC (B a l z e r et al., 1978) and fluorometric methods (Fluoro-
meter, VICAM, Series 4, USA).

RESULTS AND DISCUSSION

All wheat samples originating from localities Niš and Leskovac were
contaminated with moulds (0.8 to 2.5 per kernel). OTA was detected in five
samples (Table 1) in concentrations from traces to 40.0 �g/kg.

Table 1. Occurrence of ochratoxin A in wheat originated from Niš and Leskovac

Sample no. Wheat/Sort Locality Conc. of OTA
�g � kg—1

1 Rodna Niš —a

2 Pobeda Niš —
3 Evropa Niš —
4 Danica Niš 8.50
5 Novosadska rana Niš traces
6 Proteinska Niš —

10



7 Milica Niš 40.0
8 Slavija Niš —
9 Diåna Niš 16.0

10 Studenica Niš 40.0
11 Kragujevaåka Niš —
12 Proteinska Leskovac —
13 Milica Leskovac —
14 Slavija Leskovac —
15 Studenica Leskovac —
16 PKB-Mlinarska Leskovac —
17 Sunce Leskovac —
18 Kragujevaåka 56 Leskovac —
19 Beograðanka Leskovac —
20 Srbijanka Leskovac —

a toxin was not detected

Wheat kernels originated from the locality Kikinda were infested with
moulds to the same degree (0.9 to 3.2 fungy/kernel). It was found that even
70% of these samples were contaminated with OTA in concentrations between
8.0 (Nevesinjka — very fusarious fraction) and 48.0 �g/kg (Nora — very fusa-
rious fraction) (Table 2).

Table 2. Occurrence of ochratoxin A in different wheat fractions obtained from the region of Ki-
kinda

Sort Wheat Fraction Conc. of OTA �g � kg—1

Nevesinjka healthy —a

blackpoint —
little fusarious —
very fusarious 8.0

Jarebica healthy 16.0
blackpoint 32.0
little fusarious 32.0
very fusarious 32.0

Levåanka healthy 32.0
blackpoint —
little fusarious —
very fusarious 32.0

Kg 56 S healthy —
blackpoint 34.0
little fusarious 11.5
very fusarious 34.0

Nora healthy 11.0
blackpoint 11.0
little fusarious 16.0
very fusarious 48.0

a toxin was not detected
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By investigating the fungal contamination of some types of flour and re-
lated products it was established that the total viable counts of moulds varied
from 10.0 (graham flour) to 8.5x103 (rye flour) per 1g. Fungi isolated from
these samples were classified into 10 genera and 21 species. The most frequent
were fungi belonging to the genera Aspergillus, Eurotium and Penicillium.
OTA was found in samples of graham flour and barley flakes (traces) (Table
3).

Table 3. Ochratoxin A in some milling products intended for special kinds of bread and goods

Sample Conc. of OTA �g � kg—1

Graham flour traces

Rye flour —a

Barley flakes traces

Bran —

“Kernels of health" —

a toxin was not detected

It was interesting to point out that bread prepared from OTA — contami-
nated graham flour and barley flakes consisted significant amounts of OTA
(360.0 and 80.0 �g/kg) (Table 4). An inadequate sampling of graham flour and
barley flakes was probably the reason of low concentrations of OTA in them.

Table 4. Ochratoxin A in different types of bread and goods

Sample Conc. of OTA �g � kg—1

Graham bread 360.0

Rye bread —a

Barley bread 80.0

Diet bread —

Bio goods —

a toxin was not detected

All “healthy food" products were contaminated with fungi. Their number
ranged from 2.0 (oat flakes) to 4.0x102 per 1 g (corn flakes). About 20 diffe-
rent fungal species were isolated from the products. Aspergillus flavus, Euroti-
um herbariourum and Penicillium aurantiogriseum were the most frequent
fungi. OTA was found to contaminate even 60% of these samples (Table 5).

Table 5. “Healthy food" products contaminated with ochratoxin A

Sample No. of sample Conc. of OTA �g � kg—1

Corn flakes 1 40.0

2 —a

3 —
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Wheat flakes 1 —

2 160.0

3 80.0

Oat flakes 1 80.0

2 160.0

3 traces

Whole grain rice 1 —

2 80.0

3 —

Raisins 1 56.0

2 40.0

3 —

a toxin was not detected

Two tea sausage samples were also contaminated with OTA (12.0 �g/kg)
as well as one samples of “kulen" (traces) (Table 6).

Table 6. Ochratoxin A in some dry sausages

Sausage Sample no. Conc. of OTA �g � kg—1

Tea sausage 1 —a

2 12.0

3 12.0

4 —

5 —

6 —

Budim sausage 1 —

2 —

3 —

4 —

5 —

6 —

“Kulen" 1 traces

2 —

3 —

a toxin was not detected

OTA was not detected in Trappist, Edam and Junior cheese samples (Ta-
ble 7). But, 17 samples of melted cheese were contaminated with the toxin in
concentrations from 5.5 to 16.5 �g/kg. Further, 6 samples of melted cheese
were suspected on the presence of OTA.

13



Table 7. Contamination of cheeses with ochratoxin A

Product No. of
investigated

No. of OTA —
positive samples

Conc. of OTA
�g � kg—1

Trappist cheese 17 0 —a

Edam cheese 32 0 —

Junior cheese 12 0 —

Melted cheese 84 17 5.5—16.5

6 suspected

a toxin was not detected

CONCLUSIONS

A high incidence of ochratoxin A contamination of various types of agri-
cultural products and foods produced in our country was observed during this
few-years investigations.
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GQIVICE I OCHRATOXIN A — FREKVENCIJA RASPROSTRAWEWA
U ŸIVOTNIM NAMIRNICAMA I SIROVINAMA ZA WIHOVU

PROIZVODWU U SRBIJI

Marija Škriwar1, Z. Mašiã2 i Sunåica Kociã-Tanackov1

1 Tehnološki fakultet
2 Poqoprivredni fakultet, Univerzitet u Novom Sadu, Novi Sad

Rezime

Izvršena su ispitivawa kontaminacije razliåitih vrsta ÿivotnih na-
mirnica (ÿitarice i wihovi proizvodi, suvo groÿðe, trajne kobasice, sir)
plesnima i ohratoksinom A (OTA). Svi uzorci bili su kontaminirani plesni-
ma u razliåitom stepenu. Oko 25% uzorka pšenice sa lokaliteta Niš i Lesko-
vac, 70% sa lokaliteta Kikinda, graham brašno (1 uzorak), jeåmene pahuqice (1
uzorak), graham hleb i jeåmeni hleb, 60% proizvoda „zdrave hrane", 20% uzorka
trajnih kobasica i 20% uzorka topqenog sira bilo je kontaminirano sa OTA.
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EVALUATION OF FEED COMPONENTS
CONTAMINATION WITH OCHRATOXIN IN VOJVODINA

ABSTRACT: Ochratoxin A is cancerogenic, teratogenetic, immunotoxic and nephro-
toxic. The mentioned order stresses the importance of this toxin concerning its harm to hu-
man health. The harmful effects of ochratoxin A include the effects at molecular level, such
as DNA fragmentation, protein synthesis inhibition, gluconeogenesis, lipid peroxidation, di-
sorder of oxydative phosphorization in mitochondria, inhibition of blood coagulation and
apoptosis. The presence of ochratoxin A in a great number of food samples, both of plant
and animal origin, is the obvious risk to human health, which is confirmed by the high inci-
dence of this toxin in samples of human serum and milk. It could be stated, with certainty,
that the above — mentioned facts are the reason for which the EU has paid great attention
to this mycotoxin in recent years.

This paper deals with the results of the analysis of the animal feed component sam-
ples for the period 2000—2003 concerning the ochratoxin A content. The analysed feed
components were taken from the farms with significant health problems of animals (not
monitoring). The samples were analysed by chromatography on a thin layer and with a li-
mited detection method for ochratoxin A of 40 ppb. The analysis was carried out on 108
maize samples, 11 barley samples, 21 wheat samples, 42 sunflower pellets samples and 47
soybean pellets samples (Table 1). The samples of sunflower pellets were contaminated in
the greatest percentage, which indicates the inadequate storage of this feed component.

KEY WORDS: barley, maize, ochratoxin A, soybean pellets, sunflower pellets

INTRODUCTION

Ochratoxin A (OTA) is a product of several moulds of the genuses:
Aspergillus and Penicillium. In the temperate climate zone this toxin is mostly
the product of mould P. verrucosum. A great number of countries, in which P.
verrucosum has been indentified as toxin — producing, have registered a sig-
nificant increase in its production during 2001. At present the toxin — produ-
cing P. verrucosum is not only present in Holland, Sweden, Norway, England,
Germany and Austria but also in Italy, Spain, France and Portugal. Still P.
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verrucosum is the only ochratoxin producer found. More than 100 isolates of
P. verrucosum from these environments have been fingerprinted phenotypi-
cally and examined for the production of ochratoxin A, and many different
clones have been found (O l s e n, 2002).

According to the other authors P. verrucosum sometimes produces, besi-
des ochratoxin A, also citrinin which is concidered to be its major synergist
( L a w i o r, 2001). The most frequent contaminated feed components are mai-
ze, wheat, barley and rye. And according to our research a significant contami-
nation of sunflower and soybean pellets has been observed. The infection oc-
curs before harvest and after harvest in storehouses, but the prevalent forma-
tion of ochratoxin is during storage. The problem lies in an inadequate drying
of feed components prior to storage or the poor storage conditions leading to
“hot-spots" of contamination. P. verrucosum requires a high water activity
(aw = 0.995), while its other characteristic is the tolerance to high concentra-
tion of CO2 (even 50%).

A good storage practice comprises:
— Design of the top ventilation
— Control of the silo conditions before harvest — to avoid leakage
— Inspection of the upper layer before unloading
— Aeration system in silo
— Grain temperature system
Model describing the risk for condensation of water in the headspace.
In the grinding process, concerning wheat, a part of ochratoxin remains in

bran, a part in grinding waste, whereas 50% of ochratoxin A remains in white
flour.

In extruded products the quantity of ochratoxin is slightly decreased de-
pending on the temperature, moisture content and screw speed.

Ochratoxin destribution in feed components is rather heterogenic thus ma-
king the sampling a critical point in its detection. The sample is taken from
different places, its size depending on the amount of the stored food or the si-
ze of the means of transportation which makes it possible to avoid taking only
contaminated food.

After oral ingestion with foods and feeds, ochratoxin A is slowly absor-
bed from the upper small intestine. Reaching the systemic circulation, it binds
extensively to serum proteins, and translocates to and accumulates in the
kidney resulting in measurable residues, whereas lower residual concentrations
are found in the liver, muscle and fat. Transfer to milk has been demonstrated
in rats, rabbits and humans, but the percentage of ochratoxin A excreted with
milk of ruminants is limited, owing to the degradation of ochratoxin A by the
rumen microflora (Kwaliteitsreeks nr 89, 2003).

The Scientific Committee on Food expressed the opinion that exposure
should be below 5 ng/kg b. w./day (EC, 1998). The Joint Expert Committee
on Food Additives, in 2001, retained its previouonal Tolerable Weekly Intake
of 100 ng/kg b. w. Per week, pending the results of on-going studies on the
mechanisms of nephrotoxicity and carcinogenicity (WHO/FAO, 2001). The In-
ternational Agency for Research on Cancer (IARC) had evaluated ochratoxin
A in 1993 (IARC, 1993), and classified it as possibly carcinogenic to humans
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(group 2B), based on sufficient evidence for carcinogenicity in animal studies
and inadequate evidence in humans.

Approximately 40 countries around the world set regulatory or guideline
levels for ochratoxin A in food and animal feed in 2003 (FAO, 2004). In the
EU, harmonised regulations exist for ochratoxin A in raw cereal grains inclu-
ding rice and buckwheat, all products derived from cereals, dried vine fruit
and baby food (EC, 2002). EU-harmonised specific limits for ochratoxin A in
animal feedstuffs have not been proposed yet, but limits have been established
at the national level in 8 countries. These countries include Estonia, Lithuania,
Slovenia and Sweden, reporting the existence of limits for ochratoxin A in va-
rious feedstuffs (including feeds for cattle, pigs, poultry ond other farm ani-
mals). In addition to legislation on ochratoxin A in animal feed, national legi-
slation exists on ochratoxin A in products of animal origin in three countries:
Denmark (for pig kidney), Estonia (for pig liver) and Italy (for pig and derived
products) (EFSA, 2004). In our country the maximum quantity of ochratoxin
A is regulated by the Act “on maximum quantity of harmful substances and
ingredients in animal feed" (1990). The Act “on the amounts of pesticides,
metals and metalloids and other poisonous substances, chemotherapeutics, ana-
bolics and other substances which can be found in foodstuffs" (1992) regulates
the maximum amount of ochratoxin A allowed in wheat, flour, cereals, coffee,
spices, meat and meat products, milk and milk products.

MATERIAL AND METHODS

The analysis of 108 maize samples, 11 barley samples, 21 wheat samples,
42 sunflower pellets samples and 47 soybean pellets samples was carrid out.
All the analysed feed components were delivered to our laboratory between
2000 and 2003 from the farms with various health problems in animals and
from the animal feed plants. The content of ochratoxin in the mentioned feed
components was determined by the method according to B a l z e r et al.
(1978). The procedure itself consists of the extraction of ochratoxin A from
the sample using acetonitrile, as well as by the extraction and purification of
mycotoxin using the chloroform in acid and base media. Qualitative and se-
mi-qualitative determination of ochratoxin A was carried out by chromatogra-
phy on a thin layer, with a limited detection method for ochratoxin A of 40 ppb.

RESULTS AND DICUSSION

Ochratoxin A occurrence in animal feed and feed components is predo-
minantly a problem of poor or inadequate drying of cereals prior to storage, or
poor storage conditions leading to “hot-spots" of contamination.

The results of our research are shown in Table 1. In the period of three
years 229 samples of feed components were analysed, almost half of which
were maize samples, which is quite understandable for our region where it is
the basic component of a feeding ratio for almost all the animal species, thus
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making the maize the most obvious cause of the health problems on a farm.
This was not without grounds in this case either as 50% of samples, according
to our analyses, were contaminated with ochratoxin A, and 6.5% of the total
number of the maize samples were contaminated with the highest amount of
ochratoxin of 0.5—1.0 mg/kg. What makes our analyses distinctive compared
with the majority of others is a high contamination of sunflower pellets with
ochratoxin A both in the previous period (J u r i ã, 1999) and today. The re-
sults of these analyses show a 100% contamination of sunflower pellets sam-
ple with 42.8% of the analysed samples of this feed component was contami-
nated with the maximum amount of ochratoxin A (0.5—1.0 mg/kg).

Table 1. Ochratoxin A content in animal feed components obtained in Vojvodina region from
2000—2003 (mg/kg).

Feeds Total number
of samples

Number of positive samples

< 0.04 0.04—0.1 0.1—0,5 0,5—1,0

Maize 108 45 25 21 7

Barley 11 5 4 2 0

Wheat 21 7 11 3 0

Sunflower pellets 42 0 6 8 18

Soybean pellets 47 24 14 7 2

The high prevalence and high levels of OTA contamination in feed grains
can be explained by the unfavourable storage conditions, and this finding sug-
gests that OA-related health problems may arise in animals, and that foods of
animal origin may be contaminated with this mycotoxin.

According to the EFSA data (2004) there is a significant correlation
between ochratoxin A in grains, moisture content, storage period and geograp-
hic location. According to the EU data (EC, 2002) for 1500 samples of wheat,
oats, rye, barley and maize obtained from 1995—1999 in 11 European countri-
es only 61 samples (4%) contained over 1 �g/kg of ochratoxin A. The other
data obtained by EFSA (2004) are 11% of samples with ochratoxin content
higher than 1 �g/kg according to the researcher MacDonald or 28% of samples
with the ochratoxin A content 1 �g/kg according to Jonsson and Pettersson.
Particularly high levels of ochratoxin A contamination (1000 �g/kg) were re-
ported in samples of maize, wheat, rye, oats and barley from Austria, Bulgaria,
Poland and the Czech Republic. Data from Hungary (F a z e k a s, 2002) repor-
ted results from 30 feeding wheat, 32 feeding maize and 20 feeding barley
samples. OTA contamination was found in 26.7% of the feeding wheat, 15.6%
of the feeding maize and 35% of the feeding barley samples. The average va-
lues and the range of OTA levels found in the above samples were 12.2 and
0.3—62.8 ng/g, 4.9 and 1.9—8.3 ng/g, and 72 and 0.14—212 ng/g, respecti-
vely.

Ochratoxin A is lethal in five to six days at 1 mg/kg body weight. OTA
fed at 2.5 ppm in the diets of growing pigs was found to reduce growth rates.
Levels as low as 0.2 ppm for several weeks can induce detectable renal lesi-
ons. Additional clinical signs are diarrhoea, anorexia and dehydration. Someti-
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mes clinical signs are not observed, the only gross evidence being the appea-
rance of pale firm kidneys at slaughter (L a w i o r, 2001). OTA is a carcino-
gen and nephrotoxin which can enter the food chain resulting in human
exposure. As pig herds are exposed to OTA through their feed, their kidneys,
liver and pork meat are considered as a possible route of exposure for humans.
The programme randomly sampled 300 health and 100 nephropathic pig kid-
neys in 1997 and 710 healthy pig kidneys in 1998. Less than 10% of samples
were significantly contaminated by OTA: in the 1997 survey, 1% of the sam-
ples contained 0.40—1.40 �g/kg of OTA and in the 1998 survey 7.6% exhi-
bited OTA levels in the range 0.5—5 �g/kg. In the case of nephropathic
kidneys, only traces of OTA (0.16—0.48 �g/kg) were detected in six samples
out of 100. Even if not a major route of exposure for humans, pigs are clearly
exposed to this mycotoxin and monitoring of pork products and of feed for
swine is necessary (D r a g a c c i, 2000). Blood serum, kidney, liver and mu-
scle sample per animal were collected from slaughtered pigs (n = 52) in Ro-
mania. A total of 98% serum samples were OTA positive in the range of
0.05—13.4 ng/ml. The incidences of OTA in kidney and liver were very simi-
lar (79%, 75%) with mean levels of 0.54 ng/g and 0.16 ng/g, respectively. The
lowest incidence (17%) and the lowest mean level contamination (0.15 ng/g)
were in muscle samples. The mean distribution in tissues followed the pattern
serum kidney liver muscle (100%; 26%, 8.5%; 2.57%) (C u r t u i, 2001).

Multiple source exposure assessment indicates that the overall contribu-
tion of animal products to human exposure does generally not exceed 3—10%
(EFSA, 2004).

CONCLUSION

The conclusion of this paper could be the recommendation of EFSA
(2004) to all EU member states and future member states.

1. There is a need to establish measures to reduce the formation of
ochratoxin A in feed commodities during transport and storage, including
on-farm storage, and to implement adequate control of moisture (water acti-
vity) and temperature changes during storage.

2. Analytical methods with appropriate limits of quantification for fee-
ding stuff need to be validated by collaborative studies.

3. The efficacy of feed control programmes should be assessed by sur-
veys of blood levels of ochratoxin A in pigs at slaughter.

4. More data are needed in order to establish a NOEL for pigs and
poultry.

5. In order to assess the significance of residue levels in animal tissues,
both with respect to animal health and to human exposure, more extensive oc-
currence data on ochratoxin A in animal tissues and products thereof and from
other foods, covering all member states, are required.

The paper has been financed by the Ministry for Science, Technology and
Development of the Republic of Serbia (Project: The development of the new
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and the improvement of the existing analytical methods and procedures for
monitoring the quality of the environment. Project No. 1622)
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EVALUACIJA KONTAMINACIJE HRANIVA ZA ŸIVOTIWE
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Rezime

Ohratoksin A je kancerogen, teretogen, imunotoksiåan i nefrotoksiåan.
Nabrojani redosled daje vaÿnost ovom toksinu u pogledu štetnosti qudskom
zdravqu. Štetnosti ohratoksina A ukquåuju efekte na molekularnom nivou, kao
što su ošteãewa DNA, inhibicija sinteze proteina, glugoneogeneza, lipidne
peroksidacije, poremeãaj oksidativne fosforilacije u mitohondrijama, inhi-
bicija zgrušavawa krvi i apoptoza. Prisustvo ohratoksina A u velikom broju
uzoraka hrane, kako biqnog tako i ÿivotiwskog porekla, evidentan je rizik za
qudsko zdravqe, što potvrðuje visoka frekvencija prisustva ovog toksina u
uzorcima humanog seruma i mleka. Moglo bi se sa sigurnošãu reãi da su upravo
napred navedene åiwenice razlog što EU posledwih nekoliko godina najveãu
paÿwu poklawa ovom mikotoksinu.

U ovom radu prikazani su rezultati analize uzoraka hraniva za ÿivotiwe
za period 2000/03. godine na sadrÿaj ohratoksina A. Analizirana hraniva poti-
cala su sa farmi na kojima su bili izraÿeni zdravstveni problemi kod ÿivo-
tiwa (nije monitoring). Uzorci su analizirani hromatografijom na tankom
sloju i sa limitom detekcije metode za ohratoksin A od 40 ppb. Analizirano je
108 uzoraka kukuruza, 11 uzoraka jeåma, 21 uzorak pšenice, 42 uzorka suncokre-
tove saåme i 47 uzoraka sojine saåme (Tabela 1). Uzorci suncokretove saåme
kontaminirani su u najveãem procentu, što ukazuje na neadekvatno skladi-
štewe ovog hraniva.
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SURFACE MYCOFLORA IN STORED GRAINS
OF NAKED OATS

ABSTRACT: In the framework of small-site experiments we examined the bioprepa-
ration Supresivit S 2 containing the propagules of the antagonistic fungus Trichoderma har-
zianum.

The small-site experiments, which were carried out in the experimental plot of the
Department of Crop Production (University of South Bohemia in Åeské Budæjovice, Faculty
of Agriculture), were aimed at impairing the biotic fungistasis by biological means applied
to the grains of naked oats, variety Adam. Our objective was to accomplish surface micro-
bial analysis of stored naked oats grains, variety Adam, after the application of the biofun-
gicide Supresivit S 2 in combination with surface treatment of the grains and biological
screen applied during vegetation period.

In particular variants of the experiment we estimated the values of the levels of bac-
teria and fungi representation in the surface parts of stored grains and analysed the contents
of some mycotoxins produced by the fungi of the genus Fusarium.

The highest numbers of bacteria and fungi on the surface of the investigated grains
were found in the variant treated by the bioagent (Supresivit S 2), namely 82.000.000 spo-
res of bacteria and 110.000 spores of fungi (Cladosporium, Verticillium, Coelomycetum) per
1 g of grain. Also the fungi of the genus Fusarium were most numerous in the variant oats
— bioagent, namely 250 spores per 1 g of grain.

In all particular variants the amounts of mycotoxins were considerably below the
known effective doses for animals and plants. The largest amount of vomitoxin was found
in the variant chemical standard (Rovral TS, effective substance Carbendazim 17.5% and
Iprodion 35%) — 18 ug. Zearalenon was found in all variants below 5 ug.

Lower doses of ergosterin were found in the variant treated by the bioagent 4.7
mg/kg.

KEY WORDS: grains, mycotoxins, naked oats

INTRODUCTION

The aim of small-plot experiments carried out in university experimental
field belonging to the Department of Plant Production, University of South
Bohemia, was to disturb biotic fungistasis by means of a biological agent (Su-
presivit S 2-antagonistic fungus Trichoderma harzianum), applied to the grains
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of naked oats, variety Adam. We respected the fact that the most important
component of the environment influencing the survival of pathogene develop-
ment stages seems to consist in biological factors. Authors S i v a n & C h e t
(1989) carried out the planting of T. harzianum fungus in the roots of the
grown plants and thus reduced the amount of fungi Fusarium in the rhizo-
sphere.

In our operational experiments we applied the bioagent in the form of so-
lution during vegetation period with the aim to influence the microflora of
phyloplan. Also the authors O k r o u h l á (1993) & M i c h a l í k o v á (1994)
investigated the protection of plants by antagonistic fungus T. harzianum aga-
inst pathogenes attacking the above-ground parts of plants — phyloplan pro-
tection.

Surface microbial analyses of grains after naked oats harvest were carried
out in cooperation with the Microbiological Institute in Linz (L e w 1995).

MATERIAL AND METHODS

Naked oats, variety Adam, was sown in the operational area in the plot of
the department of plant production by means of small-plot sowing machine.
The experiment took place in 12 small plots, each with the area of 6 square
meters. In variant no. 2 (oats, chemical standard) the grains were soaked with
Rovral TS (effective substance was Carbendazim 17.5% and Iprodione 35%).

In variant no. 3, oats were dusted with Supresivit S 2 and, during vegeta-
tion period at the beginning of wax ripeness in phase 83 DC, it underwent a
single treatment with Supresivit S 2. The amount of sprinkling solution was
about 2 litres per variant and was provided by hand pressure sprinkler Pilmet
(see Table 1).

Table 1: Organization of the small-plot experiment

Variant no Dose of Supresivit
per 2 kg of grains

Dose of Rovral
per 1 kg of grains

Supresivit application
(phase DC)

1. oats control — — —

2. oats chemical standard — 10 g —

3. oats bioagent 20 g — 83

During vegetation period we evaluated the health state of the observed
cereals. The development of diseases was assessed according to subjective sca-
le 1—9 (9-healthy plants with no symptoms of disease).

The harvest of naked oats, variety Adam, took place at the beginning of
full ripeness in phase 91 DC, during sunny, warm weather. The harvest itself
was done in the individual small plots. Particular variants were hand-mown
and individual yields were thrashed by the stationary thrasher Veb Fortschritt
K-119. In the presence of Dr. H. Lew & Dr. A. Adler (Bundesanstalt für
Agrarbiologie, Linz), 1 kg oats specimens of each observed variety were taken
and transported to Linz for microbial analysis of fungi and bacteria colonizing
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grain surfaces in stored variants, as well as for the assessment of the occurren-
ce of Fusaria secondary metabolites. Bacteria were investigated by cultivation
on IAG — bacterial agar; the representation of Verticillium, Cladosporium,
Coelomycetum fungi was tested on IAG — fungal agar, and fungi of the genus
Fusarium by cultivation on modified nutritional substance according to P a -
p a v i z a s (1985). Under laboratory conditions the average yield characteri-
stics were investigated (weight of one thousand grains and bulk weight).

RESULTS AND DISCUSSION

Macroscopic evaluation of the growth from the viewpoint of the attack of
serious pathogenes (Fusarium sp. div., B. graminis, P. graminis, U. avenae)
took place at the end of tasseling in phase 59 DC. The development of fungal
disease was assessed according to the scale of 1 to 9 points. In oats we obser-
ved moderate development of the fungus P. graminis in variant no. 2, chemi-
cal standard (8 points); in variants no. 1 (control) and no. 3 (bioagent) the
intensity of the disease was classified with 7 points (as shown in Table 2).
Further attacks of infection were stopped by high temperatures due to intense
sunshine in summer months. Fungi of Fusarium genus, powdery mildew of ce-
reals B. graminis and loose smut of oats U. avenae were not observed in our
small-plot experiments.

Table 2: Evaluation of naked oats plants (variety Adam) attacked by particular pathogenes

Variant no
Fusarium
sp. div.

Blumeria
graminis

Puccinia
graminis

Ustilago
avenae

1. oats control — — 7 —

2. oats chemical standard — — 8 —

3. oats bioagent — — 7 —

The highest numbers of bacteria and fungi on the surface of the observed
grains were found in variant no. 3, oats, bioagent, namely 82.000.000 spores
of bacteria and 110.000 spores of fungi (Cladosporium, Verticillium, Coelo-
mycetum) in 1 g of oats. Also Fusarium fungi were most numerous in variant
no. 3, oats, bioagent, namely 250 spores in 1 g of grains (Table 3).

Table 3: Quantities of fungi and bacteria on the surface of naked oats

Variant no Bacteria Fungi (total) Fusarium sp. div.

1. oats control 65.000.000 40.000 150

2. oats chemical standard 60.000.000 85.000 150

3. oats bioagent 82.000.000 110.000 250

The table gives numbers of spores per 1 g of grains

The values of mycotoxin levels (Table 4) in particular variants were in all
cases deep below the known effective levels for animals and plants. The lar-
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gest amount of Vomitoxin was found in variant no. 2, oats, chemical standard
— 18 ug. Zearalenon was detected in all variants at levels below 5 ug.

Higher amounts of Ergosterin were found in variants no. 1, oats, control
— 5.3 mg, and oats, chem. standard — 5.2 mg, compared to variant no. 3,
oats, bioagent — 4.7 mg/kg of grains where the measured values were lower
(Table 4).

Table 4: Results of mycotoxins and ergosterin analyses in naked oats

Variant no Vomitoxin mg/kg Zearalenon mg/kg Ergosterin mg/kg

1. oats control 11 < 5 5.3

1. oats chemical standard 18 < 5 5.2

3. oats bioagent 7 < 5 4.7

In laboratory conditions we examined basic yield characteristics, namely
the weight of 1.000 grains and bulk weight (Table 5). The highest values were
found in the variant treated with the bioagent (Supresivit S 2).

According to H a u s v a t e r & T r n k o v á (1993), V o ÿ e n í l k o v á
(1993) and D u š k o v á (1994), the stimulating effects of the fungi of Tricho-
derma genus in plants manifest themselves by better and faster germination
and sprouting, faster and entirely bigger growth, increased formation of leaves,
the root system is more powerful, and the total yield is increasing.

In our experiments the stimulating effects of the used biopreparation were
apparent in variant no. 3, oats, bioagent, the weight of 1.000 grains 33.0 g,
and bulk weight 703.3 g .1—1 in comparison with the control untreated variant
where the values were considerably lower (var. no. 1, oats, control, HTZ 30.6
g, OH 672,0 g .1—1). The variant treated with Rovral TS showed lower weight
of 1.000 grains, and also bulk weight was lower compared to the variant with
bioagent treatment (var. no. 2, oats, chemical standard, HTZ 31.2 g, OH 688.5
g .1—1), as shown in Table 5.

Table 5: Bulk weight (OH) and weight of 1.000 grains (HTZ)

Variant no
Oats-variety Adam

OH HTZ

1. Control 672.0 30.6

2. Chemical standard (Rovral TS) 688.5 31.2

3. Supresivit S (T. harzianum) 703.3 33.0

CONCLUSION

In small-plot experiments we tested the biopreparation Supresivit S 2
containing the propagules of fungus T. harzianum utilized against selected di-
seases in cereals (Fusarium sp. div., B. graminis, P. graminis, U. avenae). The
aim consisted in surface microbial analysis of the grains of naked oats var.
Adam after the application of the biofungicide Supresivit S 2 in combination
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with surface modification of the grains and biological screen applied during
vegetation period. Owing to high temperatures and intense sunshine during
summer months the infection causing the observed diseases was hindered and
thus it was difficult to precisely assess the efficiency of the applied bioagent
against selected pathogenes.

We examined the basic yield characteristics, the weight of 1.000 grains
and bulk weight. The highest values within the experiment were found in the
variant treated by the bioagent (Supresivit S 2-naked oats, variety Adam).

Very hot weather during maturing period and harvest influenced the
quality of harvested grains of naked oats (var. Adam). In all observed variants,
the levels of mycotoxins were considerably lower than the known effective do-
ses for animals and plants.

The contribution was supported by project MSM: J06/98: 122200002

LITERATURE

D u š k o v á, E. (1994): Vliv biofungicidý na mladé rostliny. [Influence of biofungicides
on young plants]. Proceedings from the XIII. Czech and Slovak conference on
plant protection in Prague, 219 (in Czech).

H a u s v a t e r, E. & T r n k o v á, J. (1993): Úåinnost chemické a biologické ochrany
brambor proti Rhizoctonia solani Kuhn. [Effectiveness of chemical and biologi-
cal protection of potatoes against Rhizoctonia solani Kuhn.] Rostl. vþr. 39, 11:
1019—1026 (in Czech.).

L e w, E. (1995): Mykotoxinbelastung von Getreide und Konsequenzen für seine Verar-
beitung. Geheide Mehl und Brot, 49, 1: 16—19.

M i c h a l í k o v á, A. (1994): Biological effectiveness of Trichonitrin against Fusarium
culmorum (W. G. Sm) Sacc, Proceedings from the XIII. Czech and Slovak confe-
rence on plant protection in Prague, 221—222 (in Slovak).

O k r o u h l á, M. (1993): Biologické zdroje pro nechemickou ochranu rostlin. Studijní
zpráva Ústavu zem. a potr. informací, Praha. [Biological resources for non-che-
mical protection of plants.] Study report of the Institute of agr. and food informa-
tion, Prague, 7—33 (in Czech).

P a p a v i z a s, G. (1985): Trichoderma and Gliocladium: Biology, ecology and poten-
tial for biocontrol. Ann. Rev. Phytopathol., 1: 23—54.

S i v a n, A. & C h e t, I. (1989): The possible role of competition between Trichoderma
harzianum and Fusarium oxysporum on rhizosphere colonisation. Phytopathology,
79: 198—203.

V o ÿ e n í l k o v á, B. (1993): Biologická ochrana obilovin v programech alternativního
zemædælství. [Biological protection of cereals in the programmes of alternative
agriculture.] Sborník JU ZF, Åeské Budæjovice, fyt. ›., 3: 1: 59—68 (in Czech).

29



POVRŠINSKA MIKOFLORA U USKLADIŠTENIM ZRNIMA
GOLOSEMENOG OVSA

Bohumila Voÿenilkova, Jan Mudri i Bohuslov Åermak
Poqoprivredni fakultet Univerziteta Juÿne Åeške,

Studentska 13, 37005 Åeške Buðejovice, Åeška Republika

Rezime

U okviru eksperimenata na malim oglednim poqima prouåavali smo bio-
preparat Supersivit S 2 koji sadrÿi åestice antagonistiåke gqivice Trichoderma
harzianum.

Eksperimenti na malim oglednim poqima koji su sprovedeni na oglednoj
parceli Departmana za ratarstvo (Univerzitet Juÿne Bohemije u Åeškim Buðe-
jovicama, Poqoprivredni fakultet) bili su usmereni ka spreåavawu biotiåke
fungistaze primenom bioloških sredstava na zrna golosemenog ovsa, varijeteta
Adam. Naš ciq je bio površinska mikrobiološka analiza uskladištenih zrna
golosemenog ovsa, varijetet Adam, nakon primene biofungicida Supersivit S 2 u
kombinaciji sa površinskim tretmanom zrna i biološkim zaslonom primewe-
nim tokom vegetacijskog perioda.

Kod posebnih varijanata ovog eksperimenta odredili smo vrednosti nivoa
pojave bakterija i gqivica na površinskim delovima uskladištenih zrna i
analizirali sadrÿaj nekih mikotoksina uzrokovanih gqivicama iz roda Fusa-
rium.

Najveãi broj bakterija i gqivica na površini ispitivanih zrna konsta-
tovan je kod varijante tretirane bioagentom (Supersivit S 2), i to 82.000.000 spo-
ra bakterija i 110.000 spora gqivica (Cladosporium, Verticillium, Coelomycetum)
po jednom gramu zrna. Takoðe, gqivice iz roda Fusarium bile su najmnogobroj-
nije u varijanti ovas — bioagent, i to 250 spora po 1 gramu zrna.

U svim posebnim varijantama koliåine mikotoksina bile su znatno niÿe
od poznatih efektivnih doza za ÿivotiwe i biqke. Najveãa koliåina vomitok-
sina konstatovana je kod varijante hemijskog standarda (Rovral TS, efektivna
supstanca Carbendazim 17,5%, i Iprodion 35%) — 18 �g. Zearlenon je konstatovan
kod svih varijanata koliåini mawoj od 5 �g.

Niÿe doze ergosterina konstatovane su kod varijanata tretiranih bioagen-
tom 4.7 mg/kg.
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DETERMINATION OF AFLATOXINS IN FOODSTUFFS
EMPLOYING FLUOROMETRIC METHOD

ABSTRACT: Results from the examination of total aflatoxins in foodstuffs are pre-
sented. Determination of the aflatoxins was done employing rapid and reliable method, ba-
sed on immunnosorbent columns clean-up and measurement of the aflatoxins by fluorome-
ter (Vicam, USA). Quantification and detection limits of the method were 1.0 and 0.1 ppb
respectively. This method is especially suitable when laboratories are dealing with big num-
ber of samples. 20% of the samples were found to content total aflatoxins over MRL (5
�g/kg). The positive samples were further analysed with TLC as a confirmatory method,
whereby over 95% of positive samples where confirmed by TLC technique. Application of
this rapid aflatoxin method significantly simplifies their analysis, especially when laborato-
ries are dealing with big number of samples.

KEY WORDS: aflatoxins, fluorometric determination, immunoaffinity columns

INTRODUCTION

Aflatoxins are highly toxic metabolites produced by fungi Aspergillus fla-
vus and Aspergillus parasiticus. They can be found in a wide range of food
and feeding stuff, and are potentially hazardous to human and animals. Afla-
toxins B1, B2, G1 and G2 have found to be naturally prevalent and also their
potent carcinogenic and mutagenic characteristics in a number of animals and
humans (B u l l e r m a n 1986). The Europen Commision has set limits for the
maximum levels of total aflatoxins (EU regulation 194/97) at 4 ng mL—1. Ac-
cording to our national legislation (Official paper of RM), the maximum per-
mitted level for total aflatoxins is 5 �g kg—1. The monitoring of aflatoxins de-
pends on precise and reliable analytical methods. Food products being com-
monly contaminated with aflatoxins are nuts (peanuts and pistachios), dried
fruits (figs), tee (black tee), grains (wheat and corn) and spices (paprika). Mo-
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nitoring of aflatoxins in these products is not only of importance for consumer
protection, but also for producers of raw products prior to intensive processing
or transport.

Current mycotoxin analysis are done by various methods including thin-
-layer chromatography (TLC) (L i n et al., 1998, S t r o k a et al., 2000), liquid
chromatography (LC) and high-performance liquid chromatography (HPLC)
( J a i m e z et al., 2000, A k i y a m a et al., 2000), and microtitre plate enzy-
me-linked immunosorbent assay (ELISA) (T u r n e r et al., 1998). All of these
methods are long time consuming and delicate analysis, and thus require speci-
alist equipment operated by skilled personnel.

In resent years solid-phase clean-up methods especially with immunosor-
bent columns have been widely applied for aflatoxins in foodstuffs (D i m i -
t r i e s k a - S t o j k o v i c et al., 2002). Rapid solid-phase immunosorbent test
are very useful for screening the total aflatoxin level, yet these tests are not
able to perform quantitative analysis. In this paper a results from the determi-
nation of aflatoxins in our laboratory in the past year will be presented.
Analysis was done by fluorometric method with previous clean-up with afla-
toxin immunosorbent column. The two-dimensional TLC followed by the sa-
me sample preparation was employed as a confirmatory method. We selected
it as a second method of choice, since in the analysis of mycotoxins TLC ap-
plications are still used in the great majority of samples qualitatively and/or
quantitatively. One-dimensional TLC has been widely used, and two-dimensio-
nal and bidirectional developments are also frequently employed.

MATERIALS AND METHODS

235 different foodstuffs were analyzed on the presence of aflatoxins,
mostly delivered from border health inspectors. Samples were ground and ho-
mogenized with 60% methanol (HPLC grade) followed by addition of sodium
chloride. An aliquot of the filtered solution was diluted with water (HPLC gra-
de) and applied to the immunosorbent column (AflaTest P, Vicam, USA) thro-
ugh glass microfibre filter (Whatman). Column is washed with water, and
analytes were eluted with 1 mL methanol in cuvette. Eluate was diluted with 1
mL aflatest Developer solution (Vicam, USA). Aflatoxin concentration was
measured on fluorometer (Vicam, USA) after 60 seconds. Quantification limit
(LOC) of the method is 1 �g/kg, and the detection limit (LOD) is 0.1 �g/kg.

When applying this method on certain samples (black tea, cocoa) false
positive results occur. To eliminate this problem, instead of pure water, the di-
lution of the filtrate was done with 10% solution of Polyoxyethylene-Sorbitan
Monolaurate (Vicam, USA). When this clean-up procedure is employed the
LOD and LOQ are 2 �g/kg 0.5 �g/kg, respectively.

Eluted samples after the clean up are gently evaporated under stream of
nitrogen at 40°C. The samples are dissolved in 1 mL benzene:acetonitrile
(98:2 v/v). A series of standards with concentration 0.5, 1.0, 2.5 and 5.0 �g
mL—1, together with samples are applied on Kiselgel 60 F 254 plate (20 x 20
cm) using LINOMAT IV device (Camag). The volume of the applied stan-
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dards and samples was 100 �L, while the start line was 20 mm from the plate
edge. Plates were developed two-dimensionally using mixture benzol : metha-
nol : acetic acid (9 : 0.5 : 0.5 v/v) as solvent A in the first direction, and con-
sequently with chloroform : acetone (9 : 1 v/v) in the other direction for about
60 minutes each, or when solvent front reaches about 15—17 cm height. After
drying, plate spots were detected by illuminating in UV chamber (Camag) at
254 nm. The Rf-values for aflatoxins B1, B2, G1 and G2 are 0.42, 0.36, 0.30
and 0.26 respectively, with quantification limit of 1.0 �g mL—1.

RESULTS AND DISCUSSION

The results from the analyzed 235 samples are presented in Table 1. The
results for samples that were found to be under the LOD, under the MRL
(maximum residue level), over the MRL, are presented separately to express
the food safety situation regarding aflatoxin content. According to our national
legislation, MRL's for total aflatoxins (B1, B2, G1, G2) are set at 5 �g/kg.

Quality control of the method is performed by calibration of the instru-
ment on daily basis with two levels of concentration 1 l and 22 �g/kg, and by
determining the recovery of the each set of 20 samples. The recovery value in
average was over 90%. Total method can be completed in 30 minutes, which
is significantly shortening the analysis time, especially when a laboratory is
dealing with many samples that have to be analyzed in short time.

From the results presented in the table it can be concluded that 60.2%
(142 out of 235) of the samples contain aflatoxins under the LOD. The num-
ber of samples with total aflatoxin concentration over MRL is 47 (20.0%). Po-
sitive results for these samples have to be confirmed with other method, and in
our practice as a confirmatory method we are employing TLC.

Table 1. Results form the analysis of total aflatoxins in with fluorometric and TLC method

Sample type
Number of

samples
under LOQ

Number of
samples

under MRL

Number of
samples over

MRL

�/�g/kg
over MRL

Confirmed
with TLC

Green coffee beans 7 — 1 7.0 1

Nuts 14 12 6 6.7—16.0 5

Cereals 46 4 3 9.6—13.0 3

Dried vegetables 23 4 5 5.2—21.0 4

Dried fruits 13 6 1 27.0 1

Spices 15 4 9 6.1—42 8

Corn maize 4 — 1 26.0 1

Egg powder 3 4 — — —

Black Tea 5 1 17 5.1—22.0 16

Cocoa powder 12 3 4 5.1—23.0 4

We decided to use two-dimensional TLC for its improved performances
and reliability. The two-dimensional TLC excludes the possibility of appearan-
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ce an interfering spot with similar Rf-values like targeted aflatoxins. If a spot
coming from interfering compound appears with the development in the first
direction, the second development (when the plate is rotated for 90°) will very
probably separate it. Obtained detection limit for previously described expe-
rimental conditions was satisfactory and in a good agreement with some pu-
blished papers for mycotoxin analysis with TLC (L i n et al., 1998).

CONCLUSIONS

In this paper a results from employing fast, easy to use and reliable met-
hod for total aflatoxin analysis were presented. 60.2% (142 out of 235) of the
samples contain aflatoxins under the LOD, whereby the number of samples
with total aflatoxin concentration over MRL is 47 (20.0%). As a confirmatory
method for positive samples, two-dimensional TLC with previous immunoaffi-
nity column sample preparation was performed. The percentage of confirmed
positive samples with the second method (over 90%) proves the method
reliability.
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ODREÐIVAWE AFLATOKSINA U NAMIRNICAMA PRIMENOM
FLUOROMETRIJE

Elizabeta D. Dimitrieska-Stojkoviã, Mihail M. Danev,
Zehra B. Hajrulai-Musliu, Biqana S. Stojanovska-Dimzoska,

Ivan M. Serafimovski
Fakultet veterinarske medicine, Institut za sigurnost hrane,

Univerzitet Ãirila i Metodija, Lazar Pop-Trajkov 5—7,
Skopje, Makedonija

Rezime

Predstavqeni su rezultati ispitivawa ukupnih aflatoksina u namirnica-
ma. Odreðivawe aflatoksina je izvršeno primenom brzog i pouzdanog postupka
zasnovanog na åišãewu imunosorbentnih kolona i merewu aflatoksina pomoãu
fluorometra (Vicam, USA). Kvantifikacioni i detekcioni limiti ovog metoda
bili su 1.0 i 0.1 ppb. Ovaj metod je posebno pogodan kada laboratorije imaju ve-
lik broj uzoraka. Konstatovano je da 20% uzoraka sadrÿe ukupne aflatoksine
preko MRL (5 �g/kg). Pozitivni uzorci su daqe analizirani primenom TLC
metode za potvrðivawe, gde je preko 95% pozitivnih uzoraka potvrðeno TLC
tehnikom. Primena ove brze metode za aflatoksine znaåajno pojednostavquje
wihovu analizu, naroåito kada laboratorije imaju velik broj uzoraka.
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MYCOLOGICAL AND MYCOTOXICOLOGICAL
QUALITY OF WHEAT AND FLOUR FRACTIONS

ABSTRACT: The seed infection is a result of complex factors influence: weather
conditions, health conditions of used seed, quantity of infective potentila in soil, etc. By vi-
sual evaluation, initial wheat sample has been divided in four fractions: healthy, dark ger-
med, slightly and very fusarious. Three varietes from two localities 1 and 2 have been in-
cluded in analyses. Beside the wheat, the mycotoxicological contamination of flour produ-
ced by grounding of given samples was monitored, too.

The representatives of genera Fusarium were dominating, and the most frequent was
F. oxysporum.

The wheat and flour samples have also been analysed on presence of aflatoxin B1
“AB1" and G1 “AG1", ochratoxin A “OA" and zearalenone “F-2" toxin. AG1 had the
lowest representation (2,3 �g/kg) and the highest representation was of F-2 toxin (even 500
�g/kg).

KEY WORDS: flour, mycotoxins, processing quality, wheat

INTRODUCTION

A mycological analysis of each batch of wheat is a prerequisite for the pro-
duction of sanitarily correct nutriments produced from wheat grains. Thanks to
its chemical composition the wheat represents a very suitable substrate for va-
rious phytopathogenic and saprophytic microorganisms. Many fungi of the ge-
nera Fusarium, Alternaria, Penicillium, Aspergillus, Cladosporium and others
are well known as producers of a great number of various toxic metabolites.
The produced mycotoxins are thermo resistant and lose none of their toxicity
during thermal processing.

The most important mycotoxins produced by fungi of the genus Fusari-
um, synthesized in the cereals before the harvest, are zearalenone and ochra-
toxin A.

Fusarioses have a very negative effect on the technological quality of the
grain. The infested grains have a higher content of ash and protein (but the
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quality of proteins is poor), and a lower content of moist gluten (Š a r i ã et.
al., 2004).

The aim of this investigation was monitoring of micosys and mycotoxi-
cosys infection degree, to observe the contamination level influence of techno-
logical quality of wheat.

MATERIALS AND METHODS

Depending on the degree and type of mycological infection, the wheat
grains were manually divided into the following categories: healthy, dark germ
(with typically noticeable dark germ), slightly fusarious contaminated (grains
infested with fungi of the genus Fusarium in the late mature phase), and very
fusarious contaminated grains (grains infested with fungi of the genus Fusa-
rium in the early growth phase). Twenty four samples of each fraction were
tested.

The identification of the fungi to the species was made by comparison
with the corresponding reference books (R a p e r and F e n e l l, 1963; A m e s,
1969; E l l i s, 1971, N e l s o n et. al., 1983). The flour from all the wheat
samples was tested for mycotoxin presence in accordance with the Official
Methods of Analysis of the A. O. A. C. (1990).

RESULTS

Mycological Analysis

The results presented in Figure 1 were obtained by the mycological
analysis of the wheat samples from the localities 1 and 2.
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Figure 1. Distribution of the determined fungial genera in the wheat samples
from the localities 1 and 2.



Mycotoxicological Investigations

Table 1 and 2 present the level of contamination by aflatoxin B1 nad G1,
ochratoxin A and zearalenone in the examined wheat samples at localities 1
and 2.

Table 1. Number of wheat samples contaminated by AB1, AG1, OA and F-2 toxin at locality 1

Variety Category
of wheat

N° of
wheat

samples

N° of wheat
samples

contaminated
by moulds

Concentration of

AB1 AG1 OA F-2 toxin

(�g kg—1)

1

H 4 x 12 52 0 0 0 230

DG 4 x 12 75 0 0 0 240

SF 4 x 12 89 0 0 0 170

VF 4 x 12 91 0 0 48 300

2

H 4 x 12 53 0 0 0 0

DG 4 x 12 68 0 0 0 200

SF 4 x 12 74 0 0 32 200

VF 4 x 12 82 0 0 48 250

3

H 4 x 12 55 0 0 0 0

DG 4 x 12 66 0 0 0 200

SF 4 x 12 68 0 0 0 160

VF 4 x 12 83 0 2,3 48 400

Legend: H — healthy; DG — dark germ; SF — slightly fusarious; VF — very fusariuos

Table 2. Number of wheat samples contaminated by AB1, AG1, OA and F-2 toxin at locality 2

Variety Category
of wheat

N° of
wheat

samples

N° of wheat
samples

contaminated
by moulds

Concentration of

AB1 AG1 OA F-2 toxin

(�g kg—1)

1

H 4 x 12 35 0 0 16 0

DG 4 x 12 69 0 0 32 0

SF 4 x 12 82 0 0 32 0

VF 4 x 12 89 0 0 32 0

2

H 4 x 12 37 0 0 32 0

DG 4 x 12 67 0 0 0 0

SF 4 x 12 83 0 0 0 0

VF 4 x 12 83 0 0 32 400

3

H 4 x 12 41 0 0 0 0

DG 4 x 12 46 0 0 34 200

SF 4 x 12 58 0 0 11.5 0

VF 4 x 12 64 0 0 34 500
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Samples of flour obtained by milling the above listed categories of the
wheat grains were also subjected to the mycotoxicological analysis. During the
milling, the outer part of the grain, i. e. the coat, where the greatest quantity of
mycotoxins is concentrated, was separated as bran. Therefore, a considerably
lower mycotoxin content could be expected in flour samples obtained from
these grains. In Table 3 are shown the results of the mycotoxicological ana-
lysis of the flour from native grain from the localities 1 and 2.

Table 3. Flour contamination by mycotoxins

Variety Locality
Mycotoxin (�g kg—1)

AB1 AG1 OA F-2 toxin

1 1 0 0 0 66.67

2 1 0 0 26.67 0

3 1 0 1.4 5.71 0

1 2 0 0 16 0

2 2 0 0 0 0

3 2 0 0 16 200

DISCUSSION

Fungi of the genus Fusarium were the most frequent contaminants of the
wheat grains from both localities.

From the 12 identified species, F. oxysporum was found to be present in
the greatest number of tested samples (40.88%). F. oxysporum is very frequent
in the micro population attacking the cereals and it is mentioned in reference
literature as the producer of zearalenone. (T u t e l y a n and K r a v å e n k o,
1985).

As expected, very fusarious contaminated grains were most often infested
by this fungus. Also, species F. subglutinans, a representative of the Liseola
section, was detected with considerable frequency (17.61%). This species in-
fected in greater degree the categories of healthy, dark germ and slightly fusa-
rious contaminated grains, while its content in very fusarious contaminated
grains was low. The presence of species F. poae, a representative of Sporotric-
hiella section, amounted to 8.80%. This fungus is generally a weak pathogen
for cereals, and many other plants. In our investigations, it had mostly infected
the dark germ category of wheat grain. This grain category is, however, most
often infected by fungi of the family Dematiaceae. Apart from F. poae, the
most frequently detected Fusarium species was F. avenaceum, a representative
of the Roseum section (6.92%).

One of the most frequent contaminants of the wheat is certainly F. grami-
nearum. In our investigations, F. graminearum was found to be present in the
amount of 5.03%, compared to other species of the genus Fusarium, as a
consequence of disappearance of this typical field mycopopulation during sto-
rage.
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Other fungi of the genus Fusarium were represented in a less amount:
F. chlamydosporum and F. sambucinum (4.40%), F. lateritium var. cerealis
(3.14%), F. graminum (0.62%), F. solani (1.88%), F. dimerum and F. artho-
sporoides (0.62%).

The presence of the representatives of the genus Alternaria was less pro-
minent and amounted to 13.30%.

Other fungi genera were distributed with low frequency and, therefore, it
can be assumed that they did not significantly influence the mycotoxicological
picture of the wheat.

MYCOTOXICOLOGICAL ANALYSIS OF THE WHEAT

In the analyzed samples of certain wheat grain categories AB1 was detec-
ted in none of the samples from both localities. The presence of AG1 was fo-
und in very low concentrations (2.3 �g kg—1) and only in one sample of the
third variety from the locality 1.

OA distribution was much higher. The highest infection with this myco-
toxin had very fusarious contaminated grains from locality 1 (OA concentra-
tion in all varieties was 48 �g kg—1). OA frequency in wheat samples from the
other locality was much higher (75%), and even the healthy grains were infec-
ted with this toxin (varieties 1 and 2, where the concentrations were 16 and 32
�g kg—1, respectively).

The greatest OA contamination of the wheat samples from locality 2 had
the dark germ and very fusarious contaminated grains categories, and the con-
centration was 34 �g kg—1. The fungi of the genus Penicillium detected in the-
se samples were potential producers of OA, so the presence of this secondary
metabolite Penicillium spp. was expected.

Zearalenone was in our investigations detected in extremely high concen-
trations in 54% of the tested wheat samples. The concentrations varied bet-
ween 160 and 500 �g kg—1. The highest contamination had the very fusarious
contaminated grains, as was to be expected.

MYCOTOXICOLOGICAL ANALYSIS OF FLOUR

AB1 was not detected in any of the flour samples from both localities,
which was expected since it had not been detected in any of the wheat sam-
ples from which the flour was obtained. The presence of AG1 was detected in
only one of the flour samples (variety 3 from locality 1) in concentration of
0.14 �g kg—1. The OA contamination was considerably higher. As many as
66% of the flour samples were infected with this toxin. The concentration va-
ried between 5.71 and 26.67 �g kg—1.

It can be supposed that the grain infection with store fungi as well as its
storage under inappropriate conditions favored the diffusion of the produced
toxins through the grain coat into the endosperm, and the so produced toxins
remained in the flour after milling.
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It is interesting to note that the zearalenone contamination of the native
flour samples was much lower in comparison to the corresponding grain sam-
ples. The contaminated samples were 33.33% and the concentration varied
between 66.67 and 200 �g kg—1.

REFERENCES

A m e s, L. (1969): A monograph of the Chaetomiaceae, The United States army rese-
arch and development series, Weldon and Wesley, New York, 371.

E l l i s, B. (1971): Dematiaceous Hyphomycetes, Commonwealth Mycological Institute,
Kew and Surrey, England, 608.

L e w, H. (1995): Mykotoxinbelastung von Getreide, und Konsequenzen fur seine Verar-
beitung, Getreide Mehl und Brot 49: 16—19.

N e l s o n, E., T o u s s o u n, A., M a r a s a s, O. (1983): Fusarium species. An illu-
strated Manual for Identification, The Pennsyilvania State University Press. Uni-
versity Park and London, 193.

R a p e r, B., F e n n e l l, I. (1965): The genus Aspergillus, Williams and Wilkins Co,
Baltimore, 523.

Š a r i ã, M., S t o j a n o v i ã, T., Š k r i n j a r, M., P s o d o r o v, Ð. (2004): Plesni —
uzroånici promena tehnološkog kvaliteta i higjenske ispravnosti pšenice, Ÿito-hleb
1/2: 29—33.

Š k r i n j a r, M., Š a r i ã, M., D i m i ã, G., M a t k o v i ã, K. (1996): Prisustvo gljiva i
nekih mikotoksina u pšenici, Ÿito-hleb 10.3: 121—130.

T u t e l y a n, A., K r a v c h e n k o, V. (1985): Mycotoxins (Medical and Biological
Aspects), Academy of Medical Sciences opf USSR, Meditsina, Moscow, 495.

MIKOLOŠKI I MIKOTOKSIKOLOŠKI KVALITET FRAKCIJA
PŠENICE I BRAŠNA

Tatjana Stojanoviã, Viša poqoprivredno-prehrambena škola
Marija Škriwar, Tehnološki fakultet
Ðorðe Psodorov, Tehnološki fakultet

Rezime

Zaraÿenost semena rezultat je delovawa kompleksa faktora: vremenskih
prilika, zdravstvene kondicije upotrebqenog semena, koliåine infekcionog
potencijala u zemqištu itd. Vizuelnim pregledom polazni uzorci pšenice
podeqeni su u nekoliko kategorija. Analizama su bile obuhvaãene tri sorte
pšenice koje su poticale sa dva lokaliteta. Ciq rada bio je praãewe stepena
mikološke infekcije i mikotoksikološke kontaminacije pojedinih kategorija
pšeniånog zrna da bi se jasnije sagledao uticaj stepena ove kontaminacije na
wen tehnološki kvalitet. Osim pšenice, praãena je i mikotoksikološka in-
fekcija brašna, dobijenog mlevewem ovih uzoraka pšenice.

Uzorci pšenice i brašna analizirani su na prisustvo aflatoksina B1
(AB1) i G1 (AG1), ohratoksina A (OA) i zearalenona F-2 toksina. Koncentracije
determinisanih toksina varirale su u širokim granicama. Najmawu zastupqe-
nost pokazivao je aflatoxin G1 (2,3 �gkg—1), a najveãu zearalenon (åak 500 �gkg—1).
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FUSARIOSES OF CERTAIN WHEAT GRAIN CATEGORIES
AND THEIR MYCOTOXICOLOGICAL INFECTION

ABSTRACT: Certain climatological conditions favor the infection of wheat by field
moulds, and influence very much the yield, the overall quality and the hygienic properties
of the wheat. The investigations included 6 wheat varieties from the first locality and 5 va-
rieties from the second locality. The investigated samples were most often contaminated by
fungi of the genus Fusarium. Each wheat sample was classified with respect to the degree
of contamination by these fungi as slightly fusarious contaminated and very fusarious conta-
minated grain.

The mycotoxins, their metabolites, were isolated from the greatest number of conta-
minated grains.

KEY WORDS: field moulds, mycotoxins, wheat

INTRODUCTION

The wheat grain, with its adequate chemical composition, abundance of
nutritional and biologically valuable substances, makes a very suitable substra-
te for settling and development of various groups of microorganisms. The
most important contaminants are moulds, and the most dangerous ones are the
mycotoxicogenic forms (S t o j a n o v i ã et al., 2002).

Certainly, among the most frequent contaminants of the wheat are the
species of the genus Fusarium. Most of the representatives of this genus are
able to synthesize a wide variety of toxic metabolites (zearalenone and its deri-
vatives, tri hotellens, moniliformin and others) (N e l s o n et al., 1983).

The scope of this work was to study the mycological and mycotoxico-
logical infections of the wheat grain attacked to a greater or less extent by the
fungi of the genus Fusarium, and the influence of this infection on the
hygienic properties of the grain.
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MATERIAL AND METHODS

Mycological and mycotoxicological analysis was carried out on 22 sam-
ples of slightly fusarious and very fusarious contaminated wheat grains.

Mycological investigations

To determine the fungi count in the wheat grain, samples of 10 g were
measured and treated with 100 ml of sodium hypochlorite to eliminate all the
saprophytic fungi concentrated on the grain surface. The 300 ml Erlenmeyer
flasks containing the sample and sodium hypochlorite were shaken on a rotary
shaker for 2 minutes. Then, each sample was rinsed with distilled water (2 x
100 ml). Under sterile conditions, 12 grains of each sample were placed on
dextrose Sabouraud agar with antibiotic added (1 ml of 2% streptomycin solu-
tion/100 ml of medium). The culture dispersed in Petri dishes was left to incu-
bate for seven days at 26°C. Each test was repeated two times. After that the
results were recorded and presented as the average fungi count per wheat
grain.

Further cultivation of pure fungi isolates was carried out on potato dex-
trose agar (PDA) and carnation leaves agar (CLA) purifying the cultures until
obtaining the pure monospore isolate. The determination of the fungi of the
genus Fusarium was made according to B u r g e s s et al., 1988.

Mycotoxicological analyses

The qualitative and quantitative determination of mycotoxins was carried
out by multimycotoxic method proposed by B a l z e r et al., 1978.

RESULTS

In Table 1 are given the results of the investigation of the wheat grains
contamination by moulds.

Table 1. Average number of moulds found per kernel in wheat fractions

Fraction of
wheat

No of wheat
samples Variety Locality Number of moulds

per kernel

LF 2 1 1 2.59

VF 2 1 1 2.37

LF 2 2 1 3.24

VF 2 2 1 3.30

LF 2 3 1 2.51

VF 2 3 1 2.76

LF 2 4 1 2.53
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VF 2 4 1 2.88

LF 2 5 1 2.62

VF 2 5 1 3.21

LF 2 6 1 2.63

VF 2 6 1 2.76

LF 2 1 2 2.87

VF 2 1 2 3.21

LF 2 2 2 3.12

VF 2 2 2 3.25

LF 2 3 2 3.21

VF 2 3 2 3.21

LF 2 4 2 2.12

VF 2 4 2 2.20

LF 2 5 2 2.94

VF 2 5 2 3.14

Legend: LF — little fusarious; VF — very fusarious

The contamination degree of slightly fusarious and very fusarious conta-
minated wheat grains by species of the genus Fusarium is given in Figures 1
and 2.
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Figure 1. Contamination of little fusarious wheat kernel by Fusarium species
at locality 1 and 2



The results of the mycotoxical analyses of slightly fusarious and very fu-
sarious contaminated wheat grains are given in Table 2.

Table 2. Number of wheat samples contaminated by zearalenone at locality 1 and 2

Variety Locality Fraction of
wheat

Zearalenone
�gkg—1

1 1 LF 240
1 1 VF 1600
2 1 LF 170
2 1 VF 360
3 1 LF 200
3 1 VF 250
4 1 LF 160
4 1 VF 400
5 1 LF 280
5 1 VF 360
6 1 LF 160
6 1 VF 360
1 2 LF 0
1 2 VF 280

46

Figure 2. Contamination of very fusarious wheat kernel by Fusarium species
at locality 1 and 2



2 2 LF 0
2 2 VF 0
3 2 LF 0
3 2 VF 400
4 2 LF 0
4 2 VF 500
5 2 LF 250
5 2 VF 350

DISCUSSION

The mycological analyses showed that all the wheat samples had been in-
fected by moulds, as was supposed, since many of the grains were visibly da-
maged and shriveled. This was especially true of the very fusarious contamina-
ted grains. The mould count per wheat grain did not vary much, since the
samples were of similar grain categories, but it certainly was very high, amo-
unting to 2.12 in slightly fusarious contaminated grains, and 3.30 in very fusa-
rious contaminated wheat.

The most frequent contaminants of all wheat varieties from localities 1
and 2 were species of the genus Fusarium. The fungus F. oxysporum was the
most frequent type with both slightly fusarious contaminated and very fusario-
us contaminated wheat grains. F. oxysporum is genetically very variable speci-
es with a high degree of variability of both morphological and physiological
properties (B u r g e s s et al., 1989). This fungus is a very strong soil sapro-
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Figure 3. Micro and macro conidia
Microscopis view of E. oxysporum (PDA, 26°C, 7 days)



phyte, and beside cereals it often attacks and causes wilting of pepper, tomato,
watermelon, melon, and other plants (N e l s o n et al., 1981). Many forms of
F. oxysporum are toxicogenic, as mentioned in investigations by other authors.
The microscopic view of F. oxysporum is given in Figure 3.

The species F. subglutinans, F. avenaceum, F. chlamydosporum and ot-
hers were significantly less frequent.

In very contaminated grains, the content of F. avenaceum fungus was
9.26%. This fungus is characterized by growth on PDA with thick aerial pink
mycelium. This representative of the section Roseum has thin, needle-like mac-
ro conidia, with missing chlamydospores (Figure 4).

Considerable contamination by fungus F. poae was found in both slightly
and very fusarious contaminated wheat grains (7.04% and 7.41%, respecti-
vely). This fungus often produces micro conidia. Macro conidia are of crescent
shape and they are typical of this genus (Figure 5).

F. chlamydosporum infection of slightly fusarious wheat grains was 5.63%,
while its count in very fusarious contaminated grains was lower and amounted
to 3.70%. Also, this fungus is known as a frequent producer of various toxic
metabolites (moniliformin, neosolanio and others) (M a r a s a s et al., 1984),
although this author does not list it as the producer of zearalenone.

The fungus F. graminearium was found to be present in very fusarious
contaminated grains (6.48%). This species is considered the most virulent one,
and very often it biosynthesizes zearalenone, fusarine, monoacetoxyscirpenol,
nivalenol and other toxins. Although the slightly fusarious contaminated and
very fusarious contaminated grains were also infected by other fungi of the ge-
nus Fusarium (13 species contained in each grain category), their occurrence
was considerably lower compared to the species listed above.
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Figure 4. Micro and macro conidia
Microscopis view of F. poae (PDA, 26°C, 7 days)



Mycotoxicological analyses showed extremely high contamination by zea-
ralenone (to the extent that 77% of the samples were infected). The concentra-
tions varied between 160 and 1600 �g kg—1. Zearalenone is a toxic metabolite
of the field mycopopulation synthesized in the grain before the harvest. Ha-
ving in mind that the samples investigated were visibly damaged grains (espe-
cially, the very fusarious contaminated fraction), these results were expected.

Unfortunately, it is very hard to separate the fusarious contaminated gra-
ins from the bulk of grains, so that, apart from drastic impairment of technolo-
gical quality, they influence, to great extent, the sanitary properties of the
wheat.
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FUZARIOZE POJEDINIH KATEGORIJA PŠENIÅNIH ZRNA
I WIHOVA MIKOTOKSIKOLOŠKA INFEKCIJA
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Rezime

Odreðeni klimatski uslovi favorizuju infekciju pšenice poqskim ple-
snima i jako utiåu na prinose, kvalitet u celini i higijensku ispravnost pše-
nice. Istraÿivawima je bilo obuhvaãeno 6 sorti pšenice poreklom sa prvog
lokaliteta i 5 sorti pšenice sa drugog lokaliteta. Gqivice roda Fusarium bi-
le su najåešãi kontaminenti ispitivanih uzoraka. Svaki uzorak pšenice je
prema stepenu ošteãenosti gqivicama ovog roda bio podeqen na malo fuzario-
zna i jako fuzariozna zrna.

Kod najviše kontaminiranih zrna izolovani su wihovi metaboliti — mi-
kotoksini.
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MYCOTOXINS IN THE SILAGE — CAUSES OF
CREATING, AFTERMATH AND PROTECTION

FROM ACTING

ABSTRACT: The causes of appearance of mold in the silage, genus and species of
fungi which biosynthesize mycotoxins, acting consequences of micotoxins, prevention of
fungi growth and possibilities to prevent their negative effects are shown in this paper.
Also, the results of mycotoxins presence in the silage (corn and lucerne) in Vojvodina in
the period 2000—2004 are presented. The most commonly found mycotoxins were zearale-
none in 60.6% of analyzed samples and DAS in 30.3% of samples. Silage contamination
with ochratoxin A, aflatoxin B1 and T-2 toxin was between 15.2 and 21.2%. The content of
mycotoxins DAS and T2 toxin was above the values allowed by regulative. The solutions
which contribute to the prevention of development of the molds and elimination of negative
effects of mycotoxins in silage were analyzed and suggested.

KEY WORDS: adsorbents, helath, mycotoxins, silage

INTRODUCTION

Silaging of animal feed is a possibility for keeping the quality of feed in
fresh stage for a long time. That is happening because of the presence and
activity of lactic acid, acetic acid and butyric acid bacteria. Besides them, in
the ensilig material the molds and yeasts which produce numerous metabolites
are present. The main bacteria activity product in the silage is lactic acid
which is at the same time most favourable one, too. In the silage material, so-
me minor quantities of acetic acid, butyric acid and propionic acid, ethyl alco-
hol, carbon dioxide and ammonium appear. Acetic acid, butiric and propionic
acid are weak conservators and, at the same time, indicators of undesirable
processes in the silage, like missing in ensiling. These acids, especially propio-
nic acid, act as fungicides, in order to prevent molds growth, compared to a
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lactic acid, so in some cases they are favourable in the silage. Because of that,
propionic acid is used during the storage of animal feed.

Silage is very favourable environment for molds development. Humidity
in the silage, depending on the type of plant material, is from 30 to 80%, tem-
perature from 5 to 40°C, while concentration and availability of the nutritive
materials is high. Molds may already biosynthetize mycotoxins in the growth
phase of plants which during the silage preparation are carried into the silo.
Molds are mostly active in the environment with oxygen, so they grow on the
surface of silage or in the parts where the air is not pressed out enough. Com-
pared with lactic acid bacteria, molds endure much higher acidity and may be
active in the environments which have pH between 2 and 3 or lower. The
most common genus/species of molds and their mycotoxins in silage (C h a d d,
2004) are shown in Table 1.

Table 1. Common molds in European silage and their mycotoxins (C h a d d, 2004)

Silage Genus Species Toxin

Grass Silage

Penicillium
Aspergillus
Aspergillus
Fusarium

roqueforti
fumigatus
flavus
moniliforme

Roquefortin
Aflatoxin
Aflatoxin
Fusaric acid

Maize silage

Fusarium
Fusarium
Fusarium
Fusarium
Penicillium

graminearum
roseum
verticillioides
moniliforme
verrucosum

Zearalenone
Fumonisins B1, B2
Fumonisins B1, B2
Ochratoxin A
Ochratoxin A

DISORDERS CAUSED BY MOLDS AND MYCOTOXINS

Harmful effects of molds on animal health may be seen in a form of il-
lness-mycosis, while the influence of their mycotoxins manifests in a form of
intoxications — mycotoxicoses. The most frequent mycosis is aspergillosis ca-
used by mold from genius Aspergillus (A. fumigatus, A. flavus, A. nidulans, A.
niger, A. terreus), as well as by molds form genuses Mucor i Absidia which
are commonly found in hay.

According to their activity, mycotoxins may be: hepatotoxins, nephro-
toxins, neurotoxins, citotoxins, estrogen toxins, immunosupresive toxins and
photosensibile toxins (S i n o v e c et al., 2003). In this work more attention
was payed to the influence of mycotoxins on cuds, because silage in their feed
is the biggest portion of diet.

In beef and sheep mycotoxins cause lower consumption and feed uptake,
decreasing of milk yield, weaker growth of socket in fat and rejuvenate, high
number of abortuses, not regular and not enough expressed estrus, decreasing
the rate of pregnancy, retaining of the endometrium, uterus inflammation, dis-
location of abomasus, ketosis, appearance of the oily degeneration of liver,
weaker immunity, higher number of somatic cells in milk and accumulation of
residua of mycotoxins in milk and meat. The cattle is less sensitive because
microorganisms of rumen with their enzymes degradate the mycotoxins and
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thus decrease their negative effects (W h i t l o w et al., 2004) The most com-
mon molds are from genus Penicillium, Aspergillus and Fusarium (F i n k -
- G r e m m e l s, 2004; A u e r b a c h, 2003; M a š i ã et al., 2003 b).

Penicillium. From the kinds of this genus the most frequent is P. roquer-
forti. It biosynthetizes toxins rokvefortin C, patulin, mycofenol acid, PR toxin
and penicillin acid. Ensiling material may be naturally contaminated by some
of these mycotoxins (F i n k - G r e m m e l s, 2004). Penicillin acid is the first
metabolite which appears after ensiling (13 days), followed by patulin (22—27
days), mycofenol acid (36 days) and PR toxin (49 days).

Rokvefortin C and patulin are neurotoxins which in the cattle cause mu-
scle weakness and disarrangement of coordination. Symptoms are not specific
in the cattle because they are more resistant to these mycotoxins. Cattle may
be more sensitive to mycofenol acid, penicillin acid and PR toxin. They may
have negative influence on development of the microorganisms population in
the rumen and cause local inflammatory processes. Toxins which are biosyn-
thetized by P. rubrum may cause hemorrhagic disfunctions in blood capillaries
in the cattle. P. citrinum biosynthetizes citrine and the symptoms of this toxin
poisoning are laxity renal insufficiency and uremia which in some cases finish
by death. The autopsy usually show changes in the mouth, oesophagus and
omasum, especially in the form of perirenal edem. Molds from genus Penicil-
lium produce the ochratoxin A which does not cause severe consequences in
grown cattle, because in the large amount (more the 50%) this toxin is degra-
ded by microorganisms of rumen.

Aspergillus. Molds of this genus are very often found in the silage. The
most common is A. fumigatus which biosynthetizes micotoxins: verukologen,
fumitremorgen and peniterm. These toxins cause tremor and other kinds of
neurotoxicology in sheep. Symptoms of intoxication are difficult to notice in
the farm conditions, in contrast to intoxications with lolitrems and ergovalins
which causes Neotyphodium mold. Disposal of animals to the spores of A. fu-
migatus cause bronchitis, mastitis and abortus of cattle. A. flavus, A. parasiti-
cus and A. nomius biosynthetize extremely toxic mycotoxins (aflatoksin B1, B2,
G1, G2) which cause the symptoms characteristic for aflatoxicoses — weak
growing up, leaning and decreasing the milk yield and lead to the harder kind
of indigestion disturbed work of browels, neuro disarrangements, damaging the
capillaries and dysentery. If the poisoning is heavy, the death comes in 1—3
days. Compared to cattle, sheep are more resistant to aflatoxins. Between 0.3
and 6.2% of dietary aflatoxins B1 and B2 were found in the milk of cows in a
form of aflatoxins M1 and M2 exuding within 4—5 days after consumption of
contaminated feed. Also, some special types of molds from the genus Asper-
gillus, biosynthetize the ochratoxin A, which, thanks to the activity of microor-
ganisms in rumen, does not cause severe damages.

Fusarium. Molds of this genus biosynthetize mycotoxins zearalenone and
trichothecenes from which the most common are: deoxynivalenol or vomitoxin
(DON), diacetoxiscirpenol (DAS), T2-toxin and fumonisins B1 i B2. Zearaleno-
ne is biosynthetized by species F. graminearum, F. culmorum, F. oxysporum
and others. This toxin may bind estrogen receptors, cause hyper estrogenism
and lower fertility. Trichotecenes mycotoxins are produced by F. graminea-
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rum, F. culmorum, F. tricinctum, F. sporotrichioides, F. poae, F. semitectum,
F. nivale and other species of the same genus. Also, trichotecenes are biosyn-
thetized by other genus of fungi: Trichothecium, Trichoderma, Cephalospori-
um etc. These toxins have influence on weak feed consumption, damage the
mucous membranes of rumen and rennet, appearence of laxity, hemorrhagic
changes on the heart, kidneys, spleen, and urinal bubble, and act as the immu-
ne suppressives. Till now, not enough investigated toxins fumonizins B1 and
B2 are produced by species F. verticillioides and F. proliferatum; these toxins
may damage the liver and decrease the milk production in cows.

PRESENCE OF MYCOTOXINS IN SILAGES IN OUR COUNTRY

The most common producers of mycotoxins in Serbia are molds of genus
Fusarium, particularly species F. graminearum, F. verticillioides, F. subgluti-
nans, F. oxysporum i F. proliferatum. They are isolated on the corn and grain.
Besides these species, on lucerne there are isolated other species of molds
from the same genus, like F. avenaceum, F. tricinctum, F. sporotrichioides, F.
solani (K r n j a j a et al., 2004). The most common toxin which they biosyn-
thesize is zearalenone. Besides zearalenone, the most often isolated is T-2
toxin, as well as the other trichotecenes. In the first place it is DAS which
follows T-2 toxin and DON which follows zearalenone. M a š i c et al. (2003a),
in investigated corn samples in Serbia, fortified the presence of zearalenone in
36,88% of samples (average concentration 750 �g/kg), trichotecenes in 31,82%
of samples (240 �g/kg), ochratoxin A in 27,05% of samples (69 �g/kg) and
aflatoxin B1 in 19,67% of samples (36 �g/kg). The quantity of mycotoxines in
the silage originated from part of Vojvodina, fortified by B o å a r o v - S t a n -
å i ã, 2005 are shown in Tables 2 and 3.

An official tolerance level of mycotoxins in feed and mixture are allowed
by Regulations on maximal permitted quantities of harmful materials and com-
ponents in cattle feed (Official Gazette SRJ, br.2/90). According to these regu-
lations, however, no tolerance level of mycotoxins in silage is given.

Table 2. Mycotoxins in silage samples in Vojvodina region, for the period 2000—2004 (B o å a -
r o v - S t a n å i ã, 2005)

Silage

Aflatoxin Ochratoxin A Zearalenone

Contami-
nation

sample, %

Average,
�g/kg

Contami-
nation

sample, %

Average,
�g/kg

Contami-
nation

sample, %

Average,
�g/kg

Corn plant 25 3 37,5 75 43,8 1450

Corn dent 0 0 9,1 130 63,6 1640

Lucerne 16,7 3 0 0 100,0 730
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Table 3. Mycotoxins (trihotecens) in silage samples in Vojvodina region for the period 2000—
2004 (B o å a r o v - S t a n å i ã, 2005)

Silage
T-2 toksin DAS

Contamination
sample, %

Average,
�g/kg

Contamination
sample, %

Average,
�g/kg

Corn plant 25 310 43,8 620

Corn dent 27,3 500 18,2 1380

Lucerne 0 0 16,7 250

POSSIBILITIES OF PROTECTION FROM MOLD AND
MYCOTOXINS ACTION

Protection from mold and mycotoxins may be done in three basic phases:
1) on the arable — regular crop rotation, optimal terms of works, plant protec-
tion by fungicides and insecticides, using healthy seed, making more resistant
genotypes of plants on development the molds, destroying the damagers etc. 2)
during the ensiling — conveying adequate technology of silaging, using bacte-
rial-enzyme inoculants, agents against developing of the mold, protection aga-
inst progressing the air, water, rodents and other kinds of protection 3) during
the usage of silage — nutritive intervention in the diet like increasing the con-
tent of energy and proteins additive to probiotics, enzymes, vitamins, amino
acids and anti oxidants, adsorbents of mycotoxins from organic or mineral ori-
gins. Very efficient and rational way to prevent the negative effects of myco-
toxins is focused on the application of inorganic mineral adsorbents based on
natural zeolites of domestic origin. They can be used in the phase of ensiling,
apropos using the silage if there is fortified presence of mycotoxins in it. The
new mineral adsorbent of mycotoxins obtained by cation exchange of inorga-
nic cations on the zeolite surface with organic cations (“Min-a-Zel Plus") is
produced in the Institute for the Technology of Nuclear and Other Mineral
Raw Materials, Belgrade. The addition of “Min-a-Zel Plus" to the green mass
of plant of corn during the ensiling (0.2% from the mass of plant) has influen-
ce on increased of production of lactic acid, decreasment of the number of
molds and mycotoxins in the silage (zearalenon, T-2 toxin and DAS), as well
as the ammonia nitrogen (Table 4).

Table 4. Efficiency of “Min-a-Zel Plus" in silaging of corn (A d a m o v i ã et al., 2001)

Parametar Without “Min-a-Zel Plus" With “Min-a-Zel Plus"
Dry mater, % 22,34 24,28
Lactic acid, % 49,52 75,40
Acetic acidd, % 50,48 24,61
pH 3,36 3,40
NH3-N 0,03 0,02
Total mold in 1 g 1000 100
Zearalenone, mg/kg 1,02 0,90
T-2 toxin, mg/kg 0,50 0,25
DAS, mg/kg 0,50 0,00
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Ð o r ð e v i ã et al. (2003) and Ð o r ð e v i ã et al. (2004) reported the
similar results for application of products based on zeolite during the ensiling
of sugar beet pulp. Additional regulations and procedures of protection from
mycotoxins in the silage may be: regular organoleptic and laboratory valuation
of the silage, bringing law regulations about limited quantities of mycotoxins
in the silage, harmonizing the methods and the procedures for determination of
mycotoxins, equiping the laboratories, education of laboratory personnel and
development of the efficient procedures and instruments for protecting the ani-
mals from mycotoxins.

CONCLUSION

Protecting against molds and mycotoxines in the silage needs to start just
on arable and to continue in the process of silage, apropos using the silage.
Regular control supported by law regulations may have important contribution
to the success in the fight against mycotoxins.
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Rezime

U radu se ukazuje na uzroke pojave plesni u silaÿi, rodove/vrste plesni
koje biosintetišu mikotoksine, posledice wihovog delovawa, mere spreåavawa
razvoja i moguãnosti otklawawa štetnog uticaja. Istaknuto je da usled propu-
sta u tehnologiji silirawa (nedovoqno gaÿewe, prisustvo vazduha) pri vlaÿno-
sti mase za silirawe, postoje povoqni uslovi za razvoj plesni koje biosinteti-
šu toksine štetne po zdravqe ÿivotiwa i qudi. Oni mogu da izazovu zdrav-
stvene poremeãaje ukquåujuãi i patohistološke promene na organima i tkivi-
ma, deponuju se u proizvodima (mleku, mesu i jajima) i na taj naåin ugroze zdra-
vqe qudi. U radu su izloÿeni rezultati prisustva mikotoksina u silaÿi (kuku-
ruz i lucerka) u Vojvodini u periodu 2000—2004. Najåešãe prisutan mikotok-
sin bio je zearalenon u 60,6% analiziranih uzoraka, a potom DAS u 30,3% uzo-
raka. Kontaminiranost silaÿe ohratoksinom A, aflatoksinom B1 i T-2 toksi-
nom bila je izmeðu 15,2 i 21,2%. Sadrÿaj mikotoksina DAS i T-2 toksina bio
je na granici ili iznad vrednosti koje dozvoqava Pravilnik (Sluÿbeni list
SRJ, br. 2/90). Vrednosti za ostale mikotoksine bile su ispod maksimalno do-
zvoqenih koliåina. Analizirana su i predloÿena rešewa koja doprinose su-
zbijawu razvoja plesni i mikotoksina.
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MYCOPOPULATIONS OF ALFALFA SILAGE WITH
PARTICULAR REWIEV ON TOXIGENIC FUSARIUM spp.

ABSTRACT: Mycological and mycotoxicological investigations of alfalfa samples
(initial not fermented plant material, as well as silage obtained from unfaded and faded sta-
te of the same) were performed during the year 2003. Total of 14 fungal species, included
in 11 genera, were identified during the present study. The most frequent moulds were Cha-
etomium piluliferum and their anamorph Botryotrichum piluliferum (83.3% and 66.7%
respectively). Potentially toxigenic Fusarium spp. (F. culmorum, F. semitectum and F. spo-
rotrichioides) were observed less frequently (from 16.7% to 33.0%) and only on initial not
fermented alfalfa.

From the sample of alfalfa faded state contaminated with 0.25 mg/kg of diace-
toxyscirpenol (DAS) and 1.28 mg/kg of zearalenone (ZEA) F. semitectum SL-B was isola-
ted. The production of fusariotoxins by this strain was later on tested in vitro conditions.
Different aeration treatments in semisynthetic medium with glucose (GPK) or sucrose
(SPK), as well as cultivation on sterilized corn kernels (moisture content 47%) were used.
The highest yield od DAS (64.0 mg/l) was obtained during submerged cultivation of F. se-
mitectum SL-B in GPK (210 rpms, 3 days, room temperature). Production of T-2 toxin, but
rather poor (0.08 mg/1), was detected only in SPK (150 rpms, 3 days, room temperature).
ZEA was found exclusively after 25 days of cultivation on corn kernels at room temperatu-
re (21—25°C).

KEY WORDS: alfalfa, Fusarium, moulds, silage, toxicity

INTRODUCTION

Silage moulds can occur because of existence of pockets containing resi-
dual oxygen, or subsequent introduction of air into ensilaged material. Altho-
ugh this problem can be overcome by good pressurizing of the mass and its
covering, superficial parts of silage, then those which are in contact with the
walls of silo structures, as well as silage composed of more mature material
which is harder to pressurize, represent potential places for contamination with
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fungal species (Ð o r ð e v i ã et al., 2004). According to S e l g a r (2004), so-
me silage moulds can also grow in conditions of low oxygen level and
moderately low pH value. However, their survival is limited by competition
with anaerobic bacteria. The reason of occurrence of fungi in silage is usually
an increase in pH value which is due to consumption of lactic acid by yeasts
which become active after the introduction of oxygen into a silo. Candida and
Hansenula are microorganisms which consume lactic acid, and when their co-
unt exceeds 105 cells per gram of stock-cattle feed, increased mould activity
occurs.

Two types of mycopopulation can cause deterioration of ensilaged mate-
rial. The so-called “field fungi" which develop during the vegetation period in
crops, infect either the grain or the forage, generally in conditions of high
humidity (> 70%) and temperature variations (warm days and cold nights).
According to S e l g a r ' s assertion (2004), most frequently they do not deve-
lop on stored silage because of low pH and lack of oxygen. However, this do-
es not exclude presence of their toxic metabolites which biosynthesis can be
initiated already in field conditions. In this respect, the most interesting ones
are Fusarium species which are also connected with production of mycotoxins,
or human and animal diseases, unlike other field mycopopulations, which cau-
se only plant diseases (Diplodia, Anthrachnose, Helminthosporium, Ustilago).

Moulds which develop on stored feed — “storage fungi", usually do not
attack crops before harvest. Spores of these moulds which originate in soil are
brought into the silo together with stock-cattle feed. Dominant moulds in
North America isolated from silage are: Mucor, Penicillium, Aspergillus, and
Monilla (S e l g a r, 2004). Most of about twenty fungal species of this type,
identified on ensilaged material in the USA, are thought not to have the ability
of mycotoxins' biosynthesis. Even though A. flavus has been classified as a
storage microorganism, in its case production of aflatoxins can take place
already in field conditions.

MATERIALS AND METHODS

Fungal cultures. Isolation of fungal species has been carried out by stan-
dard mycological methods (M u n t a ñ o l a - C v e t k o v i ã, 1987). Culture iden-
tifications were carried out according to N e l s o n et al. (1983) for Fusarium
species, whereas other moulds have been determined according to D o m s h
et al. (1980) and E l l i s (1971). Fusarium semitectum SL-B has been isolated
from a sample of unfaded alfalfa which contained 0.25 mg/kg of diacetoxi-
scirpenol (DAS), and 1.28 mg/kg of zearalenone (ZEA). The cultures have
been kept on potato-dextrose agar (PDA) at 6°C. Prior to preparation of medi-
um for testing the ability of biosynthesis of fusariotoxins, the isolates were
subcultivated on PDA for the period of seven days at 27°C.

Cultivation types. A. GPK liquid medium (5% glucose + 0.1% yeast
extract + 0.1% peptone, pH 5.3) 250/500 ml, rotatory laboratory shaker (210
rpm) during the period of three days at room temperature (21—25°C); B. GPK
liquid medium 250/500 ml, rotatory laboratory shaker (150 rpm) during the
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period of three days at room temperature (21—25°C); C. SPK liquid medium
(5% saccharose + 0.1% yeast extract + 0.1% peptone, pH 5.3) 250/500 ml,
rotatory laboratory shaker during the period of three days at room temperature
(21—25°C); D. SPK liquid medium, 100/500 ml, stationary cultivation during
25 days at room temperature (21—25°C); E. sterile corn kernels (uncontami-
nated by mycotoxins, water content 47%) stationary cultivation during 25 days
at room temperature (21—25°C).

Determination of fusariotoxins. Qualitative and quantitative ZEA deter-
mination in liquid media (A—D) was carried out by applying modified method
of P e p e l j n j a k and B a b i ã (1991). The modification consisted in adding
20% anhyd. Na2SO4 and silica gel to fungal culture filtrate during initial
extraction of toxin with acetonitrile. The rest of the analysis has been carried
out according to the given procedure. Identification of ZEA in corn kernels
(E) was performed according to the Regulations on sampling methods and
methods of physical, chemical and microbiological analyses of fodder (Official
Gazette of SFRJ, No. 15/87).

Extraction of A type trihotecenes (T-2 toxin and DAS) was carried out in
all cases with ethyl acetate, according to R o m e r et al. (1978), and TLC de-
termination by P e p e l j n j a k and B a b i ã (1991) method.

RESULTS AND DISCUSSION

The results of mycological study of alfalfa and silage are shown in Table 1.
During the present study, a total of 14 species were identified, namely, 11

fungal genera, of which the most frequent one was the species Chaetomium
piluliferum and its anamorph Bolriotrichum piluliferum (83.3% and 66.7%
respectively). Bolriolrichum piluliferum, according to the data provided by
D o m s h et al. (1980), is widely spread all around the world (soil, plant rhi-
zosphere, animal excrement etc.). Optimal growth temperature for this mould
is 25—30°C, and pH 5.5. In addition to these features, it is distinguished by
the ability to dissolve starch, pectin, xylan, and carboxymethyl cellulose. Bea-
ring in mind these features, as well as the fact that when Bolriotrichum piluli-
ferum grows on straw it dissolves well cellulose and lignin, producing humus
substances in the course, the presence of this anamorph and its teleomorph on
faded alfalfa and alfalfa silage is only logical.

The highest number of fungal species (6) has been identified on unfaded
alfalfa and silage obtained from it (SL2 and SL4) independently of the type of
treading. The majority of moulds identified on these three types of samples be-
longed to typical field mycopopulation, such as the genera Alternaria, Clado-
sporium and Fusarium. (Table 1).

In addition to other species of fungi identified during the present study, in
Serbia and Montenegro there are listed: on ensilaged corn kernels — Penicilli-
um aurantiogriseum (B o å a r o v - S t a n å i ã, 2003), on the silage of the
whole corn plant Aspergillus versicolor (D j o r d j e v i ã et al., 2004), and on
ensilaged soy grain A. versicolor, F. oxysporum, F. subglutinanas, and Rhiso-
pus nigricans (B o å a r o v - S t a n å i ã, 2003).
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Table 1. Identified fungal species on alfalfa and alfalfa silage

No. Species A B SL2 SL4 SL6 SL8

1. Acremoniella atra (Fr.) Keissl. — — + + — +

2. Alternaria alternata (Corda) Sacc. + — — — — —

3. Bolryolrichum piluliferum Sacc. & March. — — + + + +

4. Chaetomium globosum Kunze ex Steud. — — + — — —

5. C. piluliferum J. Daniels — + + + + +

6. Cladosporium herbarum (Pers.) Link ex Gray + — + — — —

7. Epicoccum purpurascens Ehrenb. ex Sclecht. + — — — — —

8. Fusarium culmorum (W. G. Sm.) Sacc. — + — — — —

9. F. semitectum Berck & Rav. + + — — — —

10. F. sporolrichioides Shreb. + — — — — —

11. Geotrichum candidum Link ex Leman — — — + — —

12. Mucor racemosus Fres. — — + + + +

13. Penicillium sp. — — + — — —

14. Trichocladium opacum Ellis. (Corda) Hughes — — — + — —

TOTAL 6 3 6 6 3 4

Legenda: A — initial unfaded material;
B — initial faded material;
SL2 — silage from A, better treading;
SL4 — silage from A, weaker treading;
SL6 — silage from B, better treading;
SL8 — silage from B, weaker treading.

Potentially toxygenic Fusarium species (F. culmorum, F. semitectum, F.
sporolrichioides) were determined only on initial, not ensilaged material, with
16.7 to 33.0%. Although K r n j a j a et al. (2004) did not find these species
on the diseased alfalfa plants, except for F. sporotrichioides, but primarily F.
oxysporum, F. solani, F. equiseli, and F. proliferatum, it is necessary to
specially pay attention to them, considering the fact that these Fusarium speci-
es are potential producers of a larger number of mycotoxins and that they are
connected not only to the occurrence of plant diseases, but also diseases in hu-
mans and animals (Table 2). In other words, it is known that mycotoxins:
aflatoxin, deoxynivalenol, zearelenone, and fumonysins are usually diagnosed
in silage (D j o r d j e v i ã et al., 2004; S e l g a r, 2004).

Table 2. Toxigenic potential of Fusarium spp. identified on alfalfa (literature data)

Species F. culmorum F. semitectum F. sporotrichioides

Type A trichotecenes

1. 4-Acetoxyscirpendiol — a —

2. Diacetoxyscirpenol a, b a a

3. Monoacetoxyscirpenol — a —

4. Neosolaniol a, b a a

5. Scirpentriol — a —

6. HT-2 toxin — — a
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7. T-2 tetraol — — a, b

8. T-2 toxin a a a

Type B trichotecenes

9. 3-Acetyldeoxynivalenol a — —

10. Deoxynivalenol a, b a a

11. Diacetylnivalenol a a a

12. Nivalenol — a a

13. Nivalenol diacetate — a —

14. Nivalenol monoacetat — a a

Zearalcnone and derivatives

15. Zearalenol — a —

16. Zearalenone a a a

Other fusariotoxins

17. Butenolide — a a

Legend: a — according to M a r a s a s et al. (1984),
b — according to O ÿ e g o v i ã and P e p e l j n j a k (1995).

Taking into account the data presented in Table 2, the culture F. semitec-
tum SL-B, isolated from the sample of faded alfalfa which contained 0.25
mg/kg of DAS and 1.28 mg/kg of ZEA, was subjected to toxicological in vitro
study. F. semitectum is a cosmopolite fungus, which is according to D o m s h
et al. (1980), most frequently isolated from tropical and subtropical regions of
the world. This saprogenic soil microorganism can also be found on decaying
vegetal material in the countries of temperate zone of Europe and North Ame-
rica. In our country, the species F. semitectum is quoted as causing agent of
soy and aubergine (eggplant) seed diseases (J o v i å e v i ã and M i l o š e v i ã,
1990), sunflower seed (N o o r y, 1983), wheat and barley seed (B o å a r o v -
- S t a n å i ã et al., 2000), and corn in field conditions (L e v i ã et al., 2004).
This mould is, according to M a r a s a s et al., (1984), the only toxic species
from the Arthrosporiela section, which is related to the following human and
animal diseases: a) degnala disease in water buffalo and cattle in India and
Pakistan, which is characterized by edematous swelling of legs, necrosis, and
appearance of necrosed skin on extremities, and b) human esophageal cancer
in the Chinese province Henan.

In the course of the present study, significant impact of cultivation condi-
tion on the biosynthesis of fusariotoxins through F. semitectum SL-B, that is,
on the type of toxin and its yield was established (Table 3).
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Table 3. The yield of fusariotoxins and basic cultivation parameters of F. semilectum SL-B in vi-
tro conditions

Med. Cult.
type pH Microscopic characteristics

Toxin yield
(mg/l od mg/kg)

DAS T-2 ZEA

GPY A 4.2 Exceptionally fatt, segmented and vacuolized
hyphae with outstanding spherical deformations. 64.0 0 0

B 4.0 Medium fatt, segmented and vacuolized hyphae,
with periodical spherical deformations. 31.8 0 0

SPY C 3.5 Loose mycelium. Fatt, segmented and vacuolized
hyphae. 9.6 0.08 0

D 3.0 Fatt, segmented and vacuolized hyphae with
pearl like deformations. 0 0 0

C. K. E — — 4.0 0 6.4

Legend: GPY — 5% glucose + 0,1% yeast extract + 0,1% peptone, pH 5.3;
SPY — 5% saccharose + 0.1% yeast extract + 0.1% peptone, pH 5.3;
C. K. — corn kernels (47% water content).

Stationary cultivation in semisynthetic liquid medium with saccharose (D)
did not produce a positive result in the case of any of tested mycotoxins,
whereas at submersed cultivation in the same medium (C), biosynthesis of
only trichotecen of the A type (0.08 mg/1 T-2 of toxin, and 9.6 mg/l of DAS)
was achieved. The results obtained by the use of nutritive medium with gluco-
se (A and B) also speak of the positive impact of aeration on DAS production.
In both cases (Table 3) there are detected not only considerably higher yields
of the same trichotecen than in SPK, but also two times higher when cultiva-
ting F. semitectum SL-B fungus in conditions of increased aeration (64.0 mg/l
with respect to 31.8 mg/l). Although M a r a s a s et al. (1984) most frequently
propose PSC medium and Chapek's broth as media for studying toxigenicity
of Fusarium spp. and the temperature of 25°C, we decided to use the liquid
media mentioned above (SPK and GPK) in which we achieved satisfactory re-
sults, taking into account our previous studies (B o å a r o v - S t a n å i ã et al.,
2004).

According to the data provided by literature (O ÿ e g o v i ã and P e -
p e l j n j a k, 1995), Fusarium species begin to decay at the substrate humidity
of 12—13%, whereas at 22—23% they multiply intensively . L e v i ã et al.
(2004) quote slightly higher values — minimum water contents which enable
development of the representatives of the same genus are 18—19%. At the sa-
me time, this represents a limiting value for biosynthesis of mycotoxins in ce-
reals, although better yields were, as a rule, obtained on natural substrates with
a higher water content. In accordance with this, in the present study sterile,
uncontaminated corn kernels with initial of 47% water content were used.
Although literature quotes temperature stress as optimal condition for ZEA
biosynthesis (a higher number of weeks at 25°C, which are followed by a cou-
ple of weeks at 10°C), M a r a s a s et al. (1984), show that in the case of so-
me Fusarium isolates higher yields can be obtained by cultivation at constant
temperature. For all these reasons, in the present study of toxigenic potential
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of F. semitectum SL-B was used for cultivation at room temperature (21—
25°C) during four weeks. As Table 3 shows, in the given conditions (E), pro-
duction of ZEA in the quantity of 6.4 mg/kg was verified. Relatively low yield
of this mycotoxin obtained can be explained by weak potential for biosyn-
thesis of F. semitectum strains in comparison with the main ZEA producers:
F. graminearum, of which, according to O ÿ e g o v i ã and P e p e l j n j a k
(1995), even 93% of the strains are toxigenic, or F. culmorum with 63% of
isolates as producers of the same fusariotoxin. DAS yields on the same sub-
strate were also rather low (4.0 mg/kg), although according to M a r a s a s et
al. (1984), larger quantities of the same mycotoxin (up to 23.49 mg/kg) can be
produced on cereals. Even though the same authors quote examples of bio-
synthesis of T-2 toxin which can develop on rice (30°C, seven days), or on
ground white corn kernels (21 days, 15°C), during the present study it was
not possible to detect this type A trichotecene in corn kernels used for cultiva-
tion (E).

CONCLUSIONS

On ensilaged material, despite the low pH value and lack of oxygen, cer-
tain types of field moulds and fungi characteristic of feed storing may develop,
some of which are potential producers of mycotoxins.

On alfalfa and various types of its silage, the dominant types were pecti-
nolitic, chemicellulolitic, and cellulolitic fungi — teleomorph Chaetomium pi-
luliferum and its anamorph Bolryotrichum piluliferum (83.3% and 66.7%,
respectively).

Typical field mycopopulation (Alternaria, Cladosporium, and Fusarium)
were found mainly on the initial poorly areated material and the silage obtai-
ned from it.

From three potentially toxigenic Fusarium species isolated from alfalfa,
with culture F. semitectum SL-B it was established that the biosynthesis of
fusariotoxins in vitro conditions was favoured by: 1) DAS — increased aera-
tion (210 rpm) and use of glucose as the C atom source; 2) T-2 toxin — sac-
charose as the source of carbon, and 3) ZEA — cultivation on the corn kernels
and the temperature of 21—25°C.
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MIKOPOPULACIJE SILAŸE OD LUCERKE, S POSEBNIM OSVRTOM
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Rezime

Tokom 2003. god. izvršena su mikološka i mikotoksikološka istraÿiva-
wa uzoraka lucerke (neprovenuli, provenuli polazni materijal i silaÿa od
istih). Identifikovano je ukupno 14 vrsta, odnosno 11 rodova gqiva od kojih
su sa najveãom uåestalošãu zabeleÿeni Chaetomium piluliferum i wegov anamorf
Bolryotrichum piluliferum (83.3 odnosno 66.7%). Potencijalno toksigene Fusarium
spp. (F. culmorum, F. semilectum i F. sporotrichioides) uoåene su znatno reðe (od
16.7 do 33.0%). Iz uzorka provenule lucerke kontaminirane sa zearalenonom
(ZEA) i diacetoksiscirpenolom (DAS) izolovan je soj F. semitectum SL-B åija je
sposobnost za biosintezu fuzariotoksina ispitana u in vitro uslovima. Najveãi
prinos DAS-a (64.0 mg/l) je postignut pri subverznoj kultivaciji u teånoj pod-
lozi sa glukozom. Slaba proizvodwa T-2 toksina (0.08 mg/kg) je dobijena samo u
teånoj podlozi sa saharozom. ZEA je naðen iskquåivo pri kultivaciji na vla-
ÿnom sterilnom zrnu kukuruza (6.4 mg/kg).
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MYCOLOGICAL AND MYCO-TOXICOLOGICAL
ANALYSIS OF A HERB (OREGANO)

USED IN THE MEAT INDUSTRY

ABSTRACT: Raw materials used in meat industry can be contaminated with toxi-
genic moulds and mycotoxins. Such raw materials present a source of contamination of fi-
nal products with these compounds. This paper gives a review of the presence of aflatoxin
B1, ochratoxin A and zearalenon and moulds in five different samples of oregano.

KEY WORDS: aflatoxins, ELISA, moulds, mycotoxins, ochratoxins, zearalenon

INTRODUCTION

The technology of food production is constantly evolving; new products
are developed in accordance with very exact health protection and advance-
ment requirements.

Control of food products for the presence of moulds and their toxic meta-
bolites — mycotoxins — is exceptionally important in the drive to manufactu-
re products which are safe and good for human health.

It is known that over 100 different genera of moulds are capable of pro-
ducing mycotoxins. Several species can produce the same toxin; it has also
been established that some moulds can produce two or more different toxic
metabolites.

Contemporary meat-seasoning technology is based on the use of as many
spices as possible, some basic and others supplementary. Pepper, paprika, pi-
mento, garlic and onion are regarded as primary herbs (S a v i ã and B e m,
1983). Additional seasonings (clove, cardamom, ginger, mace and rosemary)
are used to supplement the taste and aroma of the finished product. Cumin and
thyme belong to both categories. Oregano is widespread in Europe, Asia and
North America. Oregano contains 0.15—3% of ethereous oils, primarily car-
vacrol. Its scent varies from finely to powerfully aromatic, and its taste is bur-
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ning and bitter. Oregano is a seasoning much favoured in Italy and some other
Mediterranean countries.

Microorganisms can contaminate herbs, cereal grains, flour and other pro-
ducts of vegetable origin, leading to undesirable consequences. Irrespective of
the level of contamination, the presence of moulds in seasonings can besides
changing colours under certain conditions also lead to the secretion of toxic
metabolites. Mycotoxic-producing moulds can be classified into three groups
by the time of development and contamination on plants and their products: fi-
eld moulds (Alternaria, Helminthosporium, Cladosporium, Fusarium), barn
and storage moulds (Penicillium, Aspergillus) and advanced decay moulds
(Papulospora, Sordaria, Mucor, Rhizopus) (O ÿ e g o v i ã and P e p e l j n j a k,
1995).

Mycotoxins are toxic secondary metabolites of moulds. They get into
food destined for humans and animals through spores and mycelium frag-
ments; they have a wide range of action dependent on their diversity. It has
been established that over 100 different genera of moulds are capable of pro-
ducing mycotoxins. Many species can produce the same mycotoxin, while ot-
hers can generate two or more different toxic metabolites.

Mycotoxicoses are abnormal conditions caused by the alimentary intake
of mould toxins into the human and animal organism. They are neither infecti-
ous nor transmittable by contact. They cause various powerful biological ef-
fects. Some are especially attracted to liver, kidney, heart or circulatory system
tissues. Mycotoxicoses provoke no immunological response and cannot be tre-
ated by traditional medicament-based methods (M a š i ã et al., 2000). Afla-
toxins are products of the secondary metabolism of Aspergillus flavus and A.
parasticus (K r o g h, 1987). Almost all genera of A. parasiticus are toxico-
genic, while the synthesis of aflatoxins in A. flavus varies considerablly from
one genus to another. The most important are aflatoxin B1 (AB1), G (AG1) and
their dihydro derivatives AB2 and AG2. Most often found in food and animal
fodder is AB1, which is grouped among highly toxic compounds. Given that it
is one of the most powerful mutagens and carcinogens, on the basis of all-ro-
und scientific knowledge the IARC has classified it in Group 1 of human car-
cinogens (S c i m e c a, 1995). It is followed by AG1, AM1, AB2 (D u r a k o -
v i ã et al., 1989). Hydroxil derivatives of the toxins AB2 and AG2, AB2a and
AG2a, were isolated later.

Ochratoxins are toxic products of storage moulds of the genera Aspergil-
lus and Penicillium. They were first isolated from the species A. ochraceus, af-
ter which they were named. Probably the most important producers of this
group of mycotoxins in tropical and sub-tropical regions are believed to be re-
presentatives of the groups A. ochraceus (A. sclerotiorum, A. sulphureus, A.
ostianus A. melleus) (M u n t a n o l a - C v e t k o v i ã, 1987).

However, some Penicillium species also synthesise ochratoxins (P. viri-
dicatum, P. aurantiogriseum, P. chrysogenum, P. commune etc.) (W y l l i e,
M o r e h o u s e, 1977). V a r g a et al. (1996) have detected this mycotoxin in
A. albertensis, A. auricomus and A. wentii.

Ochratoxins appear in several forms, the most widespread and also most
toxic being ochratoxin A (OA). It has been established that OA causes serious
kidney and liver damage in humans and animals, urinary tract cancer and da-
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mage to the immunological system. It has been hypothesized that it is respon-
sible for the Balkan endemic nephropathy which affects humans in Yugosla-
via, Romania and Bulgaria, as well as human chronic nephropathy in Tunisia
( M a š i ã et al., 2000).

Zearalenon is a toxic product of species in the genus Fusarium. It is
synthesized primarily by F. graminearum, and also F. culmorum, F. roseum,
F. moniliforme, F. solani and other species of the genus (B o å a r o v - S t a n -
å i ã, 1996a). Zearalenon belongs to the phytoestrogen group; a total of 15 dif-
ferent derivatives with varying biological activity have been identified so far.

MATERIAL AND METHODS OF WORK

Mycological research

The mycological research encompassed determination of the total number
of moulds in 1 g of the tested seasoning (oregano) and their identification. Fi-
ve different samples were tested.

The determination of the total number of moulds in 1 g of spice was con-
ducted according to the standard laboratory procedure (Š k r i n j a r, 2000), re-
peated twice.

Two types of selective culture media were used: Sabouraud-maltose agar
(SMA) with the addition of antibiotics (1 ml chloramphenicol per 100ml of
medium) and maltose yeast extract agar with 50% glucose. The species isola-
ted were identified on the basis of investigation of the macromorphological
properties of colonies and micromorphological properties of conidial and other
structures by key: (R a p e r , F e n e l, 1965), (S a m s o n and v a n R e e -
n e n - H o e k s t r a, 1988), (A i n s w o r t h and assoc., 1973), (E l l i s, 1971),
(G e r l a c h and N i r e n b e r g, 1982) and (R a m i r e z, 1982).

Mycotoxicological research

The presence of Aflatoxin B1, ochratoxin A and zearalenon were determi-
ned by the ELISA testing method.

RESULTS AND DISCUSSION

Table 1. Total number of moulds in 1g of oregano

Sample
Total No. of moulds / g

SMA MY 50 G

1 40 1.6 � 102

2 15 1.2 � 103

3 10 4.5 � 102

4 40 1.0 � 102

5 15 1.0 � 103
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In oregano (Table 1) on an SMA medium, sample no. 3 had the smallest
mould contamination, and samples 1 and 4 (40.0) the highest. On a MY50G
medium, sample no. 1 (1.6 � 102) had the smallest contamination level, while
sample no. 2 (1.2 � 103) had the highest. Comparison of the results points to
drastic differences between the numbers of moulds grown on the two culture
mediums. The highest number of moulds were generated on the MY50G me-
dium.

Mycopopulations in oregano

Table 2 shows the results of mycological testing of oregano. Most of the
species found were from the genus Aspergillus (4); they made up 57.14% of
all the isolated species. The remaining moulds were from the genera Alterna-
ria, Rhizopus and Penicillium, 14.28% of the total each.

A total of seven species were identified.

Table 2. Types of moulds isolated in the oregano sample

genus species percentage of
total (%)

Aspergillus

A. flavus
A. niger
A. rubrum
A. candidus

57.14

Alternaria A. alternata 14.28

Rhizopus R. stolonifer 14.28

Penicillium P. sp. 14.28
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As shown in Figure 1, storage moulds, most of them toxicogenic, were
dominant in the samples. Aspergillus accounted for fully 82.0% of the overall
oregano contamination myco-population, Rhizopus made up 10.15%, Alterna-
ria 5.6% and Penicillium just 0.4%.

Figure 2. shows that A. flavus (19.75%) i A. rubrum (50.30%) were pre-
dominant in the oregano mycopopulations.

The presence of toxic metabolites in seasonings

The research showed the presence of toxic mould metabolites in the te-
sted seasoning (Table 3)

Table 3. Mycotoxins in five different samples

Sample Aflatoxin B1
(�g � kg—1)

Ochratoxin A
(�g � kg—1)

Zearalenon
(�g � kg—1)

Oregano 1 22 75 17.5

2 17.5 93 8.5

3 27.5 85.5 16.5

4 17 79.5 10

5 15 82.5 8

AB1 was found in all spice samples. O ÿ e g o v i ã and P e p e l j n j a k
(1995) noted that aflatoxin was not isolated just in animal feed, but also in
very diverse human food samples (soy, peanuts, meal, cheese, meat, eggs, cof-
fee, even mother's milk).
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(1 — A. niger, 2 — A. fumigatus, 3 — A. candidus, 4 — A. flavus, 5 — A. rubrum)



F i n o l i and F e r r a r i (1994) analysed 40 samples of various spices,
30 of which were found to contain aflatoxins. The biggest concentration of
AB1 (234,3 �g/kg) was found in Cayenne pepper.

In the U.S., C o o k et al. (1989) detected aflatoxicoses in swine (400
animals found diseased) which had been fed with corn. The quantity of
aflatoxin found was from 1200 to 2000 mg/kg.

OA was found in all spice samples. J u r i ã et al. (2001) tested animal
fodder for OA in the 1994—99 period, a total of 269 samples. All tested sam-
ples of sunflower seed contained OA, some even as high as 10 ppm. OA has
been found in blood plasma and mother's milk. The effect of mother's milk
contaminated with OA on children was researched by S k a u g (1999) in Nor-
way, where it was found in 3.3% of all milk samples in a quantity of 40 ng/l.

Scientists studied this phenomenon in ochratoxins, which are particularly
noxious elements with a special affinity for coffee and cereals. They estimated
that the grains lost between 2% and 3% of their contamination during wash-
ing, between 3% and 44% during defatting, up to 60% during grinding and
between 5% and 10% during boiling N a r e s h (2004).

The presence of zearelenon was established in all samples. B o å a -
r o v - S t a n å i ã et al. (1998) conducted myco-toxicological research of maize
in the 1990—1995 period. ZEA was identified in just 13—19% of all samples
of naturally dried maize (max. concentration 10 000 �g/kg), but in 25—27%
of the samples of artificially-dried corn (max. concentration 960 �g/kg).

According to published reports, fusariotoxins represent one of the most
important groups of toxic contaminants of cereal grains, their products and
animal feeds.

CONCLUSION

The objective of regular mycological and mycotoxicological control of
spices before the start of the technological processing of food is to reduce the
risks to human health and also economic damage to the food industry.

What else can be done?
The strategy involved identifying the critical points in the food chains

and defining the procedures to avoid these situations — from the pre-harvest
stage right up to marketing and including storage, and all the other stages
along the way. Known as HACCP (Hazard Analysis by Critical Control Po-
ints), this approach is now traditional practice at the industrial processing stage
of food production, although less common upstream.
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MIKOLOŠKA I MIKOTOKSIKOLOŠKA ANALIZA BIQKE ORIGANO
KOJA SE PRIMEWUJE U INDUSTRIJI MESA
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Rezime

Sirovine koje se primewuju u mesnoj industriji mogu biti kontaminirane
toksiåkim gqivicama i mikotoksinima. Takve sirovine predstavqaju izvor
kontaminacije finalnog proizvoda koji ih sadrÿi. Ovaj rad pruÿa pregled
prisustva aflatoksina B1, ohratoksina A i zearalenona i gqivica u pet razli-
åitih uzoraka origana.
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PRESENCE OF MOULDS AND MYCOTOXINS
IN SPICES

ABSTRACT: In this paper there are presented the results of mycologic and myco-
toxicologic analysis of seven spices which are being used for production of meat products.
Using standard mycologic methods, in all the tested samples, we noticed a presence of mo-
ulds. By quality and quantity, most represented are genera: Aspergillus and Penicillium.
With smaller occurrence, there are presented genera: Rhizopus, Mucor, Paecylomyces and
Absydia. Mycotoxins — ochratoxin, aflatoxins and zearalenon, are detected in samples of
ground white pepper, ginger, cloves and ground caraway.

KEY WORDS: Aspergillus spp, fungi, mycotoxins, Penicillium spp, spices

INTRODUCTION

Foodstuffs of plant origin, to which species belong, are favourable sub-
strate for development of moulds. Besides changes which challenge, like di-
scoloration, some genera of moulds, in some definite condition, can produce
toxic extracellular metabolites-mycotoxins.

A great number of moulds have the ability to produce mycotoxins. More
species can produce the same mycotoxin, or the same species can produce mo-
re different mycotoxins. With food, moulds and mycotoxins are carried into
human and animal organisms. Most often, they challenge toxigenic effect for
all the cells in the organism, and some have specific affinity for cells liver,
kidney, heart, nerve and hematopoetic tissue (O ÿ e g o v i ã, P e p e l j n j a k,
1995). Mycotoxins have cumulative ability, and they are eliminated hard from
the organism, which is proved on experimental animals. Also, for mycotoxi-
coses it is characteristic, that they are not treated with classic medical treat-
ment (M a š i ã et al., 2000).
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Spices are often contaminated with moulds, which origin can be from
ground, feces (bird, insect, rodent). Number of moulds in spices grows up be-
cause of irregular treatment at drying, and reduces when activity of water is
(aw value) under 0,60. Special problem are xerophil moulds, which can deve-
lop on or in a medium with lower free water content (under aw 0,80), and
mostly belong to genus Aspergillus and Penicillium, which most often conta-
minate spices (H o r i e, 1971; S t e f a n o v i ã et al., 1973; T a k a t o r i,
1977; A y r e s, 1980; L e i s t n e r, 1985, F r i s v a d, 1988). Apart from the
mentioned ones, in literature there are quoted the following species of genera:
Cladosporium, Fusarium, Rhizopus, Mucor, Eurotium, Alternaria (M i s r a,
1981; R o y et al., 1988; D i m i ã and Š k r i n j a r, 1996; A z i z et al.,
1998).

In spices, most often detected are the following mycotoxins: ochratoxin
A, aflatoxins B1, G1 and zearalenon (M i s r a, 1981; R o y et al., 1988).
Mycotoxins fall into the group of heat stable compounds and have long
toxigenic effect during process of production of food products. It is advised,
when using spices in meat technology for meat products, that they are not
thermically treated (fermented drying products), they should be already sterili-
zed (H a d l o k, 1969; L e i s t n e r, 1985).

The aim of this paper is to isolate and determinate moulds from some
spices, which are being used for production of meat products and to determi-
nate mycotoxins.

MATERIALS AND METHODS

Using mycologic and mycotoxicologic analysis we analysed seven spices
mostly used in meat processing (black and white pepper granule and ground,
garlic ground, onion ground and cutting, ginger, ground cloves, caraway gra-
nule and ground, and tree samples of ground red paprika) (Table 2).

Total count of moulds in 1 g of spices is determined with standard
laboratory procedure (Š k r i n j a r, 2000), with two repetitions. For the iso-
lation of moulds, there are used two selected media: Sabouraud-malt agar
(SMA), with addition of antibiotic and malt yeast extract agar with 50% glu-
cose (MY50G). Petri plate are incubated for seven days at 25°C. Growth of
moulds was controlled every day, and results were obtained after seven days.
By visual control it was determined percentage of presence of colony. Isola-
tion was done on standard mycologic medium (Malt agar, Czapek agar) with
the aim of determination of isolate.

Thin layer chromatography (TLC) was applied for quantitative and quali-
tative determination of aflatoxins B1+G1 (AFT B1 + G1), ohratoxins A (OTA)
and zearalenon ZEA, B a l z e r et al. (1978).

Spices are stored properly in dry and dark place, at 16—18°C, in ade-
quate package. Contents of moisture, ash, essential oils, capsantin and piperin
in spices, are determined in accreditation laboratory at import (Table 2).
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RESULTS AND DISSCUSION

In all the tested a presence of moulds is detected. Spices of genera Asper-
gillus are isolated from all samples with different in presence — by quality
and quantity. Spices from genera Penicillium are isolated from white pep-
per-granule and ground, ground garlic, ground onion, onion-cutting, ground
cloves, caraway-granule and ground and from one samples ground red paprika.
Species of moulds from this two genera are most represented. In much less
number of samples, a presence spices from genera Rhizopus is detected — iso-
lated from black pepper-granule, caraway-granule, onion-cutting and from two
samples of ground red paprika. We sporadically isolated species of genera:
Mucor — (ground caraway and two samples of ground red paprika), Paecylo-
myces — (ground black and white pepper) and Apsydia — (ground caraway)
(Table 1).

Table 1. Review of genera of moulds, isolated from spicesa

N° Name of spice Genera of moulds

1. Black pepper — granule Aspergillus spp., Rhizopus spp.

2. Black pepper — ground Aspergillus spp., Paecylomyces spp.

3. White pepper — granule Aspergillus spp., Penicillium spp.

4. White pepper — ground Aspergillus spp., Penicillium spp., Paecylomyces spp.

5. Garlic — ground Aspergillus spp., Penicillium spp., Rhizopus spp.

6. Onion — ground Aspergillus spp., Penicillium spp.

7. Onion — cutting Aspergillus spp., Penicillium spp., Rhizopus spp.

8. Ginger Aspergillus spp.

9. Cloves — ground Aspergillus spp., Penicillium spp.

10. Caraway — granule Aspergillus spp., Penicillium spp., Rhizopus spp.

11. Caraway — ground Aspergillus spp., Penicillium spp.,
Mucor spp., Absydia spp.

12. Red paprika I — ground Aspergillus spp., Mucor spp.,
Rhizopus spp., Penicillium spp.

13. Red paprika II — ground Aspergillus spp., Rhizopus spp., Mucor spp.

14. Red paprika III — ground Aspergillus spp., Rhizopus spp.

Our results are in accordance with the results of investigation of many authors.
So, in spices and medicinal plant samples, there are isolated species of mo-
ulds, which belong in most cases, to genera Aspergillus and Penicillium, while
in substantialy less number, to genera: Fusarium, Absydia, Cladosporium, Rhi-
zopus and Scopulariopsis (A z i z et al., 1998).

Also, Takatori (1977) and Ayres (1980) found a high degree of contami-
nation in spices (cardamon, cinnamon, fennel, coriander, cumin, black cumin
and white pepper), by species from genera Aspergillus and Penicillium. M i -
s r a (1981) and R o y et al. (1988) isolated from coriander, cumin, black
pepper and cinnamon, most number of species of genus Aspergillus, and one
species from genera: Chaetomium, Fusarium, Penicillium, Alternaria, Curvula-
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ria and Rhizopus. From ground red paprika by mycologic method most species
from genera Aspergillus and Mucor are isolated, but the most frequent were
genera Rhizopus and Eurotium (D i m i ã and Š k r i n j a r, 1996).

There is obvious identity of our results with the research results of many
authors, who indicate to dominate existence of moulds in spices from genera:
Aspergillus and Penicillium.

Quantity analysis of the tested spices are made on the base of number of
colony in 1 g of spices (Figure 1). The most represented on both media was in
sample number 6 (onion-ground), than in sample number 4 (ground white pep-
per) and number 7 (onion-cutting). All the other samples were significant by
less contaminated, and differences between them were small.

Providing that a presence and growth of moulds are in positive correla-
tion with quality of spices, were made certain chemical investigation. From the
results showed in Table 2, it is clearly seen that percent ages of moisture in ta-
sted spices were from 2,37% to 13,68%, and ash content was from 1,08% to
6,98%, which is in accordance with to the “Book of Regulations (Official pa-
per SFRJ, number 4/85 and 84/87)". The contents of ether oils, capsantin and
piperin, are in accordance with the literature results (S a v i ã and D a n o n,
1982) and “Book of Regulations (Official paper SFRJ, number 4/85 and
84/87)".

Table 2: List of analysed species of spices and representation of moisture, ash, essential oils, cap-
santin and piperin

N° Name of spice — botanic name Moisture
%

Ash
%

Essential
oil %

Capsantin
mg %

Piperin
mg %

1. Black pepper — granule
(Piper nigrum L.) 13,09 4,14 2,20 — 5,10

2. Black pepper — ground
(Piper nigrum L.) 10,94 4,72 1,10 — —

3. White pepper — granule
(Piper nigrum L.) 8,76 1,75 2,00 — —

4. White pepper — ground
(Piper nigrum L.) 13,68 1,08 1,70 — —

5. Garlic — ground (Allium sativum L.) 5,09 6,98 — — —

6. Onion — ground (Allium cepa L.) 2,37 6,30 — — —

7. Onion — cutting (Allium cepa L.) 9,81 5,85 — — —

8. Ginger (Zingiber officinale Rosc) 10,18 6,47 2,50 — —

9. Cloves-ground (Eugenia caryophyllata) 9,93 4,98 10,00 — —

10. Caraway — granule (Carum carvi L.) 10,15 6,80 2,70 — —

11. Caraway — ground (Carum carvi L.) 10,78 6,29 1,60 — —

12. Red paprika I (Capsicum annum L.) 10,02 6,48 — 2,16 —

13. Red paprika II (Capsicum annum L.) 10,93 6,01 — 2,47 —

14. Red paprika III (Capsicum annum L.) 9,81 6,53 — 2,32 —

The fact, that the smallest number of colonies was isolated from ground
cloves could be explained with the finding that eugenol extracted from cloves
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completely inhibited growth of A. flavus and A. versicolor (H i t o k o t o et
al., 1980). On the basis of previous fact, we may suppose that essential oils
from other spices could also influence the number and composition of moulds
(Figure 1).

Mycotoxins are detected in four samples, of total fourteen analyses sam-
ples of spices. In ground white pepper and ground caraway OTA is detected,
in ginger ZEA and in ground cloves AFTB1+G1. The detected count OTA and
ZEA is not in accordance with the “Book of Regulations (Official paper SFRJ,
number 5/92 and 11/92)", while the count of AFT B1 + G1 is in accordance
with the “Book of Regulations" (Table 3).

Table 3. Results of mycotoxicologic analysis of spices

Spice Ohratoksin A (OTA)
*(max. 10 �g/kg)

Aflatoksin B1 + G1
(AFT B1 + G1)

*(max. 30 �g/kg)

Zearalenon (ZEA)
*(max. 1 mg/kg)

1. White pepper — ground 30 �g/kg

2. Ginger 2 mg/kg

3. Cloves — ground 15 �g/kg)

4. Caraway — ground 28 �g/kg

* maximal allowed count in accordance with the “Book of Regulations, (Official paper SFRJ,
number 5/92 and 11/92)"

It is known that, potential producers of aflatoxins are species of genera
Aspergillus (A. flavus and A. parasiticus) (K r o g h, 1987), while production
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of toxins depends on the interaction of genotip and conditions of medium in
which a fungus grows up (M o r e a u and M o s s, 1979). In our investigation
aflatoxin is isolated from ground cloves, where colonis in small number os de-
tected.

A. niger, which is a potential producer. According P a n t o v i ã and
A d a m o v i ã (1974) of moulds of genera Mucor and Penicillium, can also
synthesize AFT. Earlier investigation approved the presence of this toxin in
samples of food: soya, peanut, flour, cheese, meat, eggs, etc. (O ÿ e g o v i ã
and P e p e l j n j a k, 1995).

In synthetic medium A. flavus produced high concentrations of aflatoxins
(mostly alfatoxin B1, less B1 and B2, B1 and G2 and B1 and G1), while in
natural medium (medicinal plants and spices) it produced low concentrations
of alfatoxins (A z i z et al., 1998).

It is known that species of genera Aspergillus and Penicillium (in the first
place A. ochraceus and P. viridictum) are OTA — producers. In our investiga-
tion we detected a presence OTA as a species of genera Aspergillus and Peni-
cillium, at ground white pepper and ground caraway.

From ginger small number of colonis of genera Aspergillus is isolated,
while it is registered a presence of zearalenon which producers are species of
genera Fusarium. On the basis of presence of toxins, we can conclude that
species of genera were presented in ginger in some phase of growth or during
production.

CONCLUSION

At all the tested samples of spices, presence of moulds is detected. Speci-
es of genera Aspergillus and Aspergillus are mostly presented, and a greater
number of colony from 1 g of spice is isolated from ground white pepper, gro-
und onion and onion-cutting.

Of fourteen tested samples of spices, mycotoxins are detected in four
samples. Concentration of OTA at ground white pepper and ground caraway,
as like ZEA at ginger, was higher than limited, while concentration of AFTB1
+ G1 at ground cloves, was in recommended limits.
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PRISUSTVO PLESNI I MIKOTOKSINA U ZAÅINIMA
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Rezime

U ovom radu su prikazani rezultati mikološke i mikotoksikološke ana-
lize sedam zaåina koji se najåešãe koriste u preradi mesa (crni i beli biber u
zrnu i mleveni, beli luk u prahu, crni luk mleveni i rezanci, ingver, mleveni
karanfiliã, kim u zrnu i mleveni, kao i tri uzorka mlevene slatke paprike).

Ukupan broj plesni u 1 g zaåina, odreðen je po standardnom laboratorij-
skom postupku (Š k r i w a r, 2000) u dva ponavqawa. Za izolaciju plesni kori-
šãene su dve selektivne podloge: Sabouraud-maltozni agar (SMA) uz dodatak
antibiotika i sladni kvašåev ekstrakt agar sa 50% glukoze (MY50G).

Kvalitativno i kvantitativno odreðivawe aflatoksina B1 + G1 (AFT B1 +
G1), ohratoksina A (OTA) i zearalenona ZEA), izvršeno je primenom tanko-
slojne hromatografije (TLC metodologije) B a l z e r et al. (1978).

U svim ispitivanim uzorcima zaåina utvrðeno je prisustvo plesni. Vrste
roda Aspergillus su izolovane iz svih uzoraka sa razlikama u kvalitativnoj i
kvantitativnoj zastupqenosti. Vrste iz roda Penicillium su izolovane iz belog
bibera u zrnu i mlevenog, belog luka u prahu, mlevenog crnog luka, crnog luka u
rezancima, mlevenog karanfiliãa, kima u zrnu i mlevenog i iz jednog uzorka
mlevene slatke paprike. Vrste plesni iz ova dva roda su najzastupqenije. U
mnogo mawem broju uzoraka utvrðeno je prisustvo vrsta iz roda Rhizopus — izo-
lovane su iz crnog bibera u zrnu, crnog luka u rezancima, kima u zrnu i iz dva
uzorka slatke paprike. Sporadiåno su izolovane vrste rodova: Mucor — (mleve-
ni kim i dva uzorka mlevene slatke paprike), Paecylomyces — (mleveni crni i
beli biber) i Apsydia — (mleveni kim).

S obzirom da su prisustvo i razvoj plesni u pozitivnoj korelaciji sa kva-
litetom zaåina, obavqena su odreðena hemijska ispitivawa: sadrÿaj vlage, pe-
pela, etarskih uqa, kapsantina i piperina. Procenat vlage kod ispitivanih
zaåina iznosio od 2,37% do 13,68%, a sadrÿaj pepela kretao se od 1,08% do
6,98%, što je u skladu sa vaÿeãim Pravilnikom (Sl. list SFRJ, br. 4/85 i
84/87). Sadrÿaj etarskih uqa, kapsantina i piperina je u skladu sa literatur-
nim podacima (S a v i ã i D a n o n, 1982) i Pravilnikom (Sl. list SFRJ, br.
4/85 i 84/87).

Åiwenica da je najmawi broj kolonija izolovan iz mlevenog karanfiliãa
moÿda moÿe da se objasni nalazom da eugenol ekstrahovan iz karanfiliãa pot-
puno inhibira rast A. flavus i A. versicolor (H i t o k o t o i sar., 1980). Na
osnovu prethodne konstatacije moÿe se pretpostaviti da su etarska uqa i kod
ostalih zaåina mogla uticati na brojnost i sastav plesni.

Od ukupno åetrnaest analiziranih uzoraka zaåina, mikotoksini su utvrðe-
ni kod åetiri uzorka. Sadrÿaj OTA kod mlevenog belog bibera i mlevenog kima,
kao i ZEA kod ingvera, bio je iznad propisanog, dok je sadrÿaj AFTB1 + G1 kod
mlevenog karanfiliãa bio u granicama definisanim vaÿeãim Pravilnikom,
koji reguliše ovu oblast.
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OCCURENCE OF OCHRATOXIN A IN FEED
AND RESIDUE IN PORCINE LIVER AND KIDNEY

APSTRACT: The effect of ochratoxin A in feed for pigs, and the incidence of its re-
sidue in liver and kidney were investigated. The samples were taken from farms and corre-
sponding slaughterhouse in different areas of Serbia. The criteria for OTA residue exa-
mination in the mentioned tissues were macroscopic alterations in kidneys, that is a marked
kidney ishemia. 14 feed samples, 12 kidney samples and 12 liver samples in total were
examined. The average OTA concentration in feed was 25,24 �g/kg (0,0—85 �g/kg). The
presence of the OTA residue was found in all of examined tissues samples. The average
OTA concentration in kidneys was 2,37 �g/kg (1,0—8,2 �g/kg), in liver was 2,66 �g/kg
(1,2—5,5 �g/kg). The experiment showed that the average OTA concentration in feed of
farm A in contrast to farm B was significantly low (p < 0,05), in liver was significantly
lower (p < 0,01), while in kidneys was not significantly low (p < 0,05). The correlation
between these three findings was postulated and discussed.

KEY WORDS: feed, ochratoxin A, pigs, residue

INTRODUCTION

Information about fungi associated with food and feeds is important in
assessing risk of mycotoxin contamination. Therefore, the presence of certain
fungi implicates a potential risk for animal health (5). Feeding mouldly feeds
contaminated by mycotoxins is able to cause adverse effects on animal health
and productivity and large economical losses. The carry over of mycotoxins or
their metabolites into foodstuffs of animal origin (9) are also essential informa-
tion elements. The role of carry-over of a certain mycotoxins has especially to
be seen in the light of possible consequences for humans health (13) consu-
ming contaminated foodstuffs of animal origin. Meat of this animals has poor
production features (20). Ochratoxin A (OTA) is a mycotoxin produced by se-
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veral fungi of the genera Aspergillus and Penicillium, (12) principaly P. verru-
cosum in temperate climates, and A. ochraceus in varm region, (24) and other
moulds of ochraceus group (12, 26). Importance of OTA is usualy evaluated
by nutritive-health impact, but real and final opinion of OTA importance is
possible to acquire only on the basis of data that residue of OTA is appears in
tissues of animals, feeded feeds contaminated by mycotoxin. The number of
data on OTA in meat and meat products was reported (11, 12, 19, 28, 35).
Fact that is in our area pigmeat most present in human consumption make a
possibility to human ochratoxicosis. Ochratoxin A is a nephrotoxic mycotoxin
with carcinogenic, (24) teratogenic, immunotoxic, (6, 18, 33) genotoxic effects
in many species, and possibly neurotoxic properties (4, 22). Ochratoxin A has
been implicated in the ethiology of Balkan endemic nephropathy, (17) and
urinary tract tumors in humans (24, 29). Therefore, from a toxicological (7,
23, 31) and economical point of view, OTA appears to takes place in many
scientific investigation.

The aim of this study was to determine the presence of OTA residue in
liver and kidneys of fattening swine, slaughtered regularly, depending on feed
levels of OTA in samples of complete feedmixes intended for fattening swine.
On the slaughterhouse line, during meat inspections, the samples of kidneys
where macroscopic alteration noticeably expressed that is a kidney ishemia
were taken. The samples of liver from the same carcasses were taken. The cor-
relation between the three findings was postulated and discussed.

MATERIALS AND METHODS

The investigations were carried out in Central (Niški) and North region of
Serbia, on the farms and corresponding slaghterhouses. With the aim to deter-
mine the content of OTA in samples of complete feedmixes intended for fatte-
ning swine, samples were taken every 30 days. The investigations included
kidney and liver samples from normally slaughtered pigs. The criteria for OTA
residue examination in the stated tissues were characteristic colour and size re-
nal changes, such as “mottled or pale enlarged kidneys". The samples of liver
were taken from the same carcasses. Thin layer chromatography was applied
for sample analysis according to the method described by B a l z e r et al.
(1978), and for tissues samples we used the same method modified by P e -
p e l j n j a k et al. (1982).

RESULTS AND DISSCUSION

The obtained results are summarized in Table 1, 2, 3, 4, 5, 6 and in a
Picture 1.
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Table 1. The contents of OTA in samples of complete feedmixes for fattening swine [�g/kg]

Farm N
Statistical paramerers

x ± Sx � Cv Iv

A 7 31,40a ± 10,28 27,20 86,62 0,0—85,0

B 7 19,00b ± 3,48 9,22 48,52 8,0—36,0

Total 14 25,21 ± 7,76 20,54 81,47 0,0—85,0

a:b p < 0,05

The OTA results in samples of complete feedmixes intended for fattening
swine collected from farm A and farm B, are shown in Table 1. The obtained
results indicate that the average OTA concentration (31,4 �g/kg) in samples of
complete feedmixes intended for fattening swine from farm A, varied between
0,0—85,0 �g/kg, and the higest concentration (85,0 �g/kg) was found in De-
cember, while in feed samples from farm B, the average OTA concentration
(19,0 �g/kg), varied between 8,0—36,0 �g/kg, and the higest concentration
(36,0 �g/kg) was found in March. On the basis of the results in mycotoxi-
cological surveys, it can be concluded that contamination of animal feeds by
muolds caused OTA productions, under storage condition.

The obtained results are in accordance with tose of domestic and foreign
authors (3, 8, 21, 34). Also, the obtained results support the opinion that in our
areas OTA and moulds are producers of OTA prevalent that aflatoxin (14, 36).
The experiment showed that the average OTA concentration in samples of
complete feedmixes intended for swine of farm A in contrast to farm B was
significantly low (p < 0,05). However, the presence of OTA was accordance
with the values stated in the Book of regulations on the maximum tolerable le-
vels of harmul substances and compounds in animal feed, it can be concluded
that the pressence of OTA in the obtained values is able to cause disturbance
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Figure 1. Macroscopic changes of the type “mottled or pale enlarged kidneys"
during meat inspection



of health and production results in swine breeding production. In conclusion,
the natural occurrence (frequency and concentration) in relation to toxicolo-
gical relevance of OTA, play an important role, especially in subclinical
toxicosis.

Table 2. The occurrence of characteristic macroscopic changes of the type “mottled or pale enlar-
ged kidneys" during meat inspection. (%)

Farm I II III IV V VI VII Total

A 70 78 85 80 65 61 66 72,14

B 40 50 40 47 55 80 60 53,14

Total 55 64 62,5 63,5 60 70,5 63 62,64

The occurrence of characteristic macroscopic changes of the type “mot-
tled or pale enlarged kidneys" during meat inspection are shown in Table 2. A
kidney in pigs with characteristic macroscopic changes of the type “mottled or
pale enlarged kidneys" has been frequently identified at meat inspection of sla-
ughtered pigs.

The analysis of this trial shows that the frequency of observed kidney
with characteristic macroscopic changes of type “mottled or pale enlarged
kidneys" varied significantly in the examined farms. From 61—85% in farm
A, to 40—60% of slaughtered pigs from farm B, had kidney lesions of the
type “enlarged mottled or pale kidneys" established during meat inspection.
The investigations of kidney samples of pigs from farms A and B, showed that
the frequency of observed kidney were very similar compared to those from
other countries (19, 32, 37).

Table 3. Residue of ochratoxin A in tissues of slaugtered pigs [�g/kg]

Farm N
Statistical parameters

x ± Sx � Cv Iv

Liver

A 6 3,62a ± 0.50 1,24 34,25 2,2—5,5

B 6 1,70b ± 0.20 0,49 28.82 1,2—2,5

Total 12 2,66 ± 0.55 1.35 50.76 1.2—5.5

Kidneys

A 6 3,15 ± 1.07 2,62 83,17 1,0—8,2

B 6 1,58 ± 0.29 0,72 45,56 1,0—3,0

Total 12 2,37 ± 0.82 2,01 84,81 1,0—8,2

a:b p < 0,01

The presence of OTA residue in kidneys and liver of slaughtered pigs
from farm A and farm B, are shown in Table 3. The toxicological investigati-
ons of kidneys and liver samples of pigs from various farms, showed that the
residue of OTA in examined tissues were presented. The obtained results
showed that the contamination levels of OTA in the kidneys and liver samples
are very similar compared to those from other authors (2, 11, 35, 37).
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The results of these analysis made it possible for us to compare the ave-
rage concentration of OTA in liver and kidney samples between farm A and
B. The average concentration of OTA in liver samples from farm A was 3,62
�g/kg in comparison to 1,70 �g/kg in liver samples from farm B. The differen-
ce was statistically significantly lower (p < 0,01). The average concentration
of OTA in kidney samples from farm A was 3,15 �g/kg in comparison to 1,58
�g/kg in kidney samples from farm B, and this difference was not significantly
low (p < 0,05). The average OTA concentration in kidneys in contrast to liver
was not significantly low (p < 0,05). These findings confirm that after resorp-
tion, higher amount of OTA occur in liver then in kidney and muscle, (10) be-
cause of its first-passing through the liver. The effects of OTA appeared to be
longer-lasting than those of other mycotoxins, and possessed cumulative fea-
ture.

Table 4. Correlation between feed level and tissue levels (residues) of ochratoxin A in pigs [R]

Farm A Liver Kidney Feedmixes

Feedmixes 0,011 0,933 —

Kidney 0,07 —

Liver —

Table 5. Correlation between feed level and tissue levels (residues) of ochratoxin A in pigs [R]

Farm B Liver Kidney Feedmixes

Feedmixes 0,608 0,727 —

Kidney 0,864 —

Liver —

Table 6. Correlation between feed level and tissue levels (residues) of ochratoxin A in pigs [R]

Total Liver Kidney Feedmixes

Feedmixes 0,345 0,913 —

Kidney 0,313 —

Liver —

The carry-over of OTA from feed to tissues was elucidated in this study.
The correlation between feed level and tissue levels (residue) of OTA in pigs
is shown in Table 4, 5 and 6. It has been established that there is a statistical
association between the correlation of OTA in feed samples and tissues sam-
ples. The results obtained indicate that between feed level and tissue levels of
OTA there exist positive correlation, and regression line caracterizes polyno-
mial functional dependance. There was a high correlation between the feed le-
vel of OTA and the residue levels in the kidneys (R 0,933), while a low corre-
lation was established between the feed levels of OTA and the residue level in
the liver (R 0,011), as well as between the residue level in the liver and the re-
sidue level in the kidneys from farm A (R 0,07).
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The surveys conducted in farm B showed that there was a middle correla-
tion between the feed level of OTA and the residue level in the liver (R
0,608), as well as between the feed level of OTA and the residue level in the
kidneys (R 0,727). There was a high correlation between the feed level of
OTA and the residue level in kidney (R 0,864).

The results from these surveys indicated that there was a low correlation
between the feed level of OTA and the residue level in liver (R 0,345), as well
as between the residue level in kidneys and the residue level of OTA in liver
(R 0,313). There was a high correlation between the feed level of OTA and
the residue levels in the kidneys (R 0,913). These results are in accordance
with those of other studies (15, 16).

CONCLUSION

On the basis of the results in toxicological surveys, it can be concluded
that:

1. Ochratoxin A was detected in over 70% of examined samples of com-
plete feedmixes intended for swine. The presence of OTA was according with
the values stated in the Book of regulations of the maximum tolerable levels
of harmful substances and compounds in animal feed. The experiment showed
that the average concentration of OTA in samples of complete feedmixes in-
tended for swine of farm A in contrast to farm B was significantly low (p <
0,05).

2. The analysis of this trial shows that the frequency of the observed
kidney with characteristic macroscopic changes of type “mottled or pale enlar-
ged kidneys" varied significantly in the examined farms. From 61—85% in
farm A, to 40—60% of slaughtered pigs from farm B had kidney lesions of
the type “enlarged mottled or pale kidneys" established during meat inspec-
tion.

3. The toxicological investigations of kidney and liver samples of pigs
from various farms, showed that the residue of OTA in the mentioned tissues
were presented. The average concentration of OTA in liver samples from farm
A was 3,62 �g/kg in comparison to 1,70 �g/kg in liver samples from farm B.
The difference was statistically significantly lower (p < 0,01). The average
concentration of OTA in kidney samples from farm A was 3,15 �g/kg in com-
parison to 1,58 �g/kg in kidney samples from farm B, and this difference was
not significantly low (p < 0,05). The average OTA concentration in kidneys in
contrast to liver was not significantly low (p < 0,05).

4. The results obtained indicate that the between feed level and tissue le-
vels of OTA there exist a positive correlation, and regression line caracterizes
polynomial functional dependance. The results from these surveys indicated
that there was a low correlation between the feed level of OTA and the resi-
due level in liver (R 0,345), as well as between the residue level in kidneys
and the residue level of OTA in liver (R 0,313). There was a high correlation
between the feed level of OTA and the residue levels in the kidneys (R 0,913).
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5. The contamination of animal feed with moulds causing many deleterio-
us effect. The main importance fungal contamination of feeds is because of its
potential for mycotoxin production. Feeding mouldly feeds contaminated by
mycotoxins is able to cause adverse effects on animal health and productivity
and large economical losses. Besides protecting pigs from deleterious OTA ef-
fects, the main goal in swine breeding production is to provide foodstuffs of
high value for human consumption.
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ZASTUPQENOST OHRATOKSINA A U HRANI I REZIDUA
U JETRI I BUBREZIMA SVIWA

Dragan R. Miliãeviã,1 vet. spec., prof. dr Zlatan J. Sinovec,2

dr Sneÿana S. Saiåiã,1 Dubravka Ÿ. Vukoviã,3 spec. fiz.-hem.
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2 Fakultet veterinarske medicine, Beograd
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Rezime

U ovom radu ispitivan je uticaj ohratoksina A u hrani za ishranu sviwa
na pojavu rezidua u jetri i bubrezima. Za ispitivawe stepena kontaminacije
smeša za završni tov sviwa ohratoksinom A uzorci su uzimani na svakih 30
dana. Pored smeša, za ispitivawe sadrÿaja rezidua u unutrašwim organima
kliniåki zdravih sviwa na liniji klawa istog dana su uzimani unutrašwi or-
gani sviwa poreklom sa praãenih farmi. Tokom pregleda zaklanih sviwa na
liniji klawa posebna paÿwa bila je posveãena morfološkim promenama bu-
brega tipa bledih (ishemiånih), „kao kuvanih" bubrega. Promeweni bubrezi su
uzimani, a zatim i pripadajuãa jetra. Prisustvo OTA je utvrðeno u preko 70%
ispitivanih uzoraka smeša i to u dozvoqenim granicama, a razlike u posma-
tranom obeleÿju izmeðu pojedinih grupa bile su statistiåki znaåajne (p < 0,05).
Makroskopske promene boje, oblika i veliåine bubrega, uoåene na liniji klawa
kod kliniåki zdravih sviwa, zastupqene su u 40—85% sluåajeva u zavisnosti od
perioda. U svim uzorcima morfološki promewenih bubrega, kao i u uzorcima
jetara ÿivotiwa sa uoåenim morfološkim promenama na bubrezima, utvrðeno
je prisustvo rezidua OTA. Utvrðena razlika u sadrÿaju OTA u jetrama sa odgova-
rajuãih farmi pokazala se statistiåki vrlo znaåajnom (p < 0,01) dok se sadrÿaj
OTA u bubrezima sa odgovarajuãih farmi i pored izraÿenih numeriåkih razli-
ka nije statistiåki znaåajno razlikovao (p > 0,05). Sadrÿaj OTA u bubrezima i
jetri sa odgovarajuãih farmi nije se statistiåki znaåajno razlikovao (p > 0,05).
Ispitivawem meðusobne zavisnosti sadrÿaja OTA u smešama i organima re-
dovno zaklanih, kliniåki zdravih sviwa, zbirno za ceo ogled, utvrðen je nizak
stepen pozitivne korelacije izmeðu sadrÿaja OTA u hrani i sadrÿaja u jetri,
kao i izmeðu sadrÿaja OTA u jetri i bubrezima (R 0,345 i R 0,313), dok je izme-
ðu sadrÿaja OTA u hrani i sadrÿaja u bubrezima utvrðen vrlo visok stepen ko-
relacije (R 0,913).
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EFFICIENCY OF CRUDE CORN EXTRACT CLEAN-UP
ON DIFFERENT COLUMNS IN FUMONISINS

DETERMINATION

ABSTRACT: The efficiencies of different clean-up procedures for crude corn extract
from corn samples naturally contaminated by fumonisins B1 and B2 were compared. These
procedures precede liquid chromatography determination with fluorescence detection. The
efficiencies of immunoaffinity columns (IMA), strong anion exchange columns (SAX), as
well as columns with reversed-phase C18 (RP C18) were investigated. No significant diffe-
rences in the obtained results were found, regardless of the crude extract clean-up procedu-
re. However, the use of IMA columns for clean-up provided better chromatographic resolu-
tion, with the clean-up procedure being the simplest and the fastest. Also, because of the
possibility of IMA column regeneration, it is possible to prepare ten samples on one co-
lumn, so all in all, the lower price of SAX and RP C18 columns is of no great significance.

KEY WORDS: Clean-up extract (IMA, SAX, RP C18 columns), fumonisins, liquid
chromatography, maize

INTRODUCTION

Fumonisins are a group of compounds isolated for the first time from a
fungus culture Fusarium moniliforme in 1988 (G e l d e r b l o m et al., 1988).
They are produced by Fusarium moniliforme Sheldon (also known as Fusari-
um verticillioides (Sacc.) Nirenberg) and Fusarium proliferatum, which are
widely spread in nature, and most frequently contaminate corn and corn pro-
ducts (WHO, 2000).

All quantitative techniques used for fumonisins determination, except
enzyme-linked immunosorbent assay (ELISA) and in some cases liquid chro-
matography (LC) with mass detector, require clean-up of crude extract of the
analyzed sample (A b r a m o v i ã et al., 2002; J a k š i ã, 2004). Cartridges
with different sorbents are used for that purpose: columns filled with C18 re-
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verse phase (RP C18), columns with strong anion exchange (SAX), as well as
immunoaffinity (IMA) columns.

Comparison of efficiencies of the above said three types of columns for
crude extract clean-up from different samples was the subject of several pa-
pers. For example, M ü l l e r and G u s t a v s s o n (2000) determined fumo-
nisins B1 (FB1) and B2 (FB2) in different maize products by two different met-
hods based on clean-up steps using an immunoaffinity column and a combina-
tion of SAX and C18 columns, respectively. Recovery, repeatability, and results
from the survey showed comparable results among these methods. Further-
more, D e G i r o l a m o et al. (2001) compared the efficiency of clean-up of
extracts from different maize products on SAX and IMA columns. They found
that the use of SAX clean-up column for maize flour, muffins and infant for-
mula gave better fumonisins recoveries than IMA clean-up, while this was not
the case with corn flakes and extruded maize. However, a peak interfering
with FB1 appears in the chromatograms of some extracts when a SAX column
is used for clean-up, which, according to the authors makes the use of IMA
columns obligatory.

Continuing our previously begun research (A b r a m o v i ã et al., 2005),
the aim of this work was to compare the efficiencies of all three types of co-
lumns in clean-up of spiked corn extract, as well as to investigate the pos-
sibility of multiple use of SAX and RP C18 columns, i.e. their regeneration.
Finally, the investigations were performed using crude extract of corn samples
naturally contaminated with fumonisins B1 and B2 in respect to recovery of fu-
monisins and chromatography resolution.

MATERIAL AND METHODS

All solvents used for fumonisins extraction from corn samples, as well as
those for the mobile phase preparation were of LC grade. All chemicals used
in the investigation were of reagent grade. Solutions were prepared in deioni-
zed water except when stated otherwise.

Fumonisins calibrant solutions. Fumonisins B1 (Sigma, from Fusarium
moniliforme, approx. 98% TLC) and B2 (Sigma, from Fusarium moniliforme)
were purchased as analytical standards. Calibrant solutions were prepared in
acetonitrile-water (50:50, v/v) at concentration of 100 �g/ml for FB1 and FB2.
Fumonisin calibrant solutions are stable up to 6 months when stored at 4°C
( V i s c o n t i et al., 2001). Stock solution containing FB1 at 10 ng/�l and FB2

at 5 ng/�l was prepared by measuring 500 �l calibrant solution FB1 and 250 �l
calibrant solution FB2 into 5 ml volumetric flasks and diluting to volume with
acetonitrile-water (50:50, v/v). Working calibrant solutions were prepared by
appropriate dilution of stock solutions with acetonitrile-water (50:50, v/v).
Standard solutions were stored at 4°C.

Preparation of phosphate-buffered saline (PBS). 8.0 g NaCl, 1.2 g anhy-
drous Na2HPO4, 0.2 g KH2PO4, and 0.2 g KCl were dissolved in about 990 ml
water, pH was adjusted to 7.0 and the solution was diluted to 1 l.
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Preparation of o-phthaldialdehyde-2-mercaptoethanol reagent. 40 mg o-ph-
thaldialdehyde (OPA, Sigma, min. 99%) were dissolved in 1 ml methanol, di-
luted with 5 ml 0.1 mol/l Na2B4O7, and 50 ml 2-mercaptoethanol (MCE, Ser-
va) were added. This reagent is stable up to 8 days in a capped, aluminum
foil-covered vial in the dark.

LC mobile phase. Methanol-0.1 mol/l NaH2PO4 (Merck, extra pure) (78:
22, v/v), with pH adjustment to 3.3 with o-phosphoric acid. The mobile phase
was filtered through a 0.45 mm membrane (ISO-DISC� Filters PTFE 25-4,
Supelco).

Sample preparation. Corn samples were collected during autumn of 2002
from four localities in Vojvodina. Immediately after sampling, 1000 g of each
sample were prepared by grinding in a laboratory mill in such a way that 93%
passes through a sieve with pore diameter of 0.8 mm. After that, the sample
was homogenized by mixing. Samples prepared in such a way were packed in
plastic bags and stored in a freezer at –20°C until analysis. Prior to each
analysis, the samples were allowed to reach room temperature.

Principle of determination

Fumonisins were extracted from corn with acetonitrile-methanol-water.
After filtration (and dilution), the crude extract was cleaned-up on one of the
columns. The final sample extract was derivatized with o-phthaldialdehyde and
2-mercaptoethanol and analyzed by reversed-phase liquid chromatography with
fluorescence detector.

Extraction. 20.0 g samples were extracted twice with 50 ml of acetonitri-
le-methanol-water (25:25:50, v/v/v) in a laboratory blender for two minutes.
The combined extracts were centrifuged at 3000 x g for 10 min, with subse-
quent supernatant filtration through filter paper (Macherey-Nagel, Type 751,
Düren, Germany).

Clean-up of raw extract

Immunoaffinity column clean-up. 10 ml of the filtered extract was diluted
with 40 ml of PBS. The diluted extract was then filtered through a 1.0-�m
microfiber filter (Vicam, Watertown, MA, USA). 10 ml of the filtrate were
then applied to an IMA column (FumoniTest�, Vicam, Watertown, MA,
USA). After rinsing of the column with 10 ml of PBS, fumonisins were eluted
using 3 ml of methanol (MeOH), at a rate of 1 drop per 10—15 seconds. The
eluate was evaporated just to dryness at 60°C. Purified residue was redissolved
in 200 �l acetonitrile-water (50:50, v/v).

Regeneration of the IMA columns. One IMA column was used five times
in a row. Each time, after the elution of toxins, the diluted extract was applied
to the same column. After that, the column was washed with 10 ml of PBS so-
lution, leaving a part of the solution on the column. The column was regenera-
ted at 4°C for 24 h.
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SAX column clean-up. 2.5 ml of the filtered extract were applied to a
SAX column (LC-SAX SPE Supelclean�, Supelco, Bellefonte, USA, capacity
3 ml, with a 500 mg filling) which was previously conditioned with 3 ml Me-
OH and 3 ml of mixture MeOH-water (3:1, v/v). The column was rinsed with
3 ml of mixture MeOH-water (3:1, v/v) and 3 ml MeOH. After that, fumoni-
sins were eluted from the column with 3 ml of mixture MeOH-acetic acid
(99:1, v/v). The rate of elution was 1 drop per 10—15 seconds. The eluate
was evaporated just to dryness at 80°C, 1—2 ml of MeOH were added and
once again evaporated to dryness. Purified residue was redissolved in 200 �l
acetonitrile-water (50:50, v/v).

Regeneration of the SAX columns. One SAX column was used five times
in a row. Each time, after the elution of toxins, the raw extract was applied to
the same column. After that, the column was regenerated by washing with 5
ml of 0.1 mol/l water solution of HCl and 8 ml water, filled with MeOH and
left at room temperature for 24 h.

RP C18 column clean-up. 5 ml of the filtered extract were diluted with 12
ml of 1% KCl solution and filtered through 1.0-�m microfiber filter paper. Af-
ter that, 8.5 ml of the diluted extract were applied to a RP C18 column (LC-18
SPE Tubes Supelclean�, Supelco, Bellefonte, USA, �10% C, endcapped,
capacity 6 ml, with a 1 g filling), previously conditioned with 5 ml MeOH and
5 ml 1% KCl solution. The column was eluted with 10 ml of acetonitrile-1%
KCl (2:8, v/v) mixture. Fumonisins were subsequently eluted with 12 ml of
mixture acetonitrile-water (7:3, v/v), the rate of elution being 1 drop per
10—15 seconds. The eluate was evaporated just to dryness at 60°C. Purified
residue was redissolved in 200 �l acetonitrile-water (50:50, v/v).

Derivatization and liquid chromatography

A 50 �l aliquot of the extract was mixed with 50 �l of the OPA-MCE re-
agent at room temperature with the reaction time of one minute with stirring.
20 �l of derivatized solution were injected into the LC system. The equipment
consisted of an LC system — BioRad 2800 with Supelcosil™ LC-18-DB co-
lumn (250 x 4.6 mm id, particle size 5 mm) with a fluorescence detector
Hewlett Packard 1046A, response time 4 s, flash frequency 220 Hz. LC pump
delivered 1 ml/min constant flow rate. Wavelength of excitation radiation was
220 nm and emission 440 nm.

RESULTS AND DISSCUSION

In our previous work, optimal conditions were established for separation
and determination of fumonisins by the LC method, as well as the clean-up
efficiency of IMA columns for spiked corn sample crude extract (A b r a m o -
v i ã et al., 2005). The possibility of multiple use and regeneration of IMA co-
lumns was investigated as well. It was found that the efficiency of successive
clean-up on one IMA column for FB1 is 89.0±7.1%, and for FB2 88.5±1.3%,
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i.e. after column regeneration 88.5±11.6% for FB1 and 92.5±7.5% for FB2 (the
average of 5 measurements in both cases).

The study of efficiency of crude spiked corn sample extract clean-up on
SAX and RP C18 columns, as well as the possibility of their multiple use and
regeneration was continued in this work. It was found that SAX columns can
be used five times in a row and at least once more after regeneration. The ac-
hieved efficiency of SAX columns is higher and has a value of 109.4±6.9%
for FB1 and 92.1±6.8% for FB2 (the average of 5 measurements), and after re-
generation 109.7% and 95.9%. However, the clean-up procedure is signifi-
cantly more complicated and long-lasting in comparison to IMA columns.

When the possibility of multiple use and regeneration of RP C18 columns
was investigated, it was found that they can be used only once, as well as that
they can't be regenerated. Also, the efficiency of FB1 and FB2 determination in
the spiked corn sample after crude extract clean-up is the lowest on RP C18 co-
lumns, its value being 82.4±9.2% for FB1 and 74.5±5.2% for FB2.

At the end, all three clean-up procedures for crude extract of corn sam-
ples naturally contaminated with FB1 and FB2 used for LC determination were
compared in this work. Chromatograms for corn sample with the highest fu-
monisins content after crude extract clean-up by use of all three types of co-
lumns are presented in Fig. 1, and the results of fumonisins determination are
given in Table 1. As can be seen, chromatographic separation of FB1 peak
from the matrix peaks is poorer in the case of eluate from SAX and RP C18
columns.

Tab. 1 — The influence of crude extract clean-up procedure on the results of fumonisins determi-
nation in corn

Locality Crop Clean-up procedure FB1 content (mg/g) FB2 content (mg/g)

Kikinda 2002

IMA < 0.02 < 0.06

SAX < 0.02 < 0.05

RP C18 0.06 < 0.05

Baåka Topola 2001

IMA 0.13 < 0.06

SAX 0.12 < 0.05

RP C18 0.07 < 0.05

Subotica 2002

IMA 0.33 0.12

SAX 0.34 0.15

RP C18 0.30 0.09

Baå 2002

IMA 0.79 0.28

SAX 0.61 0.18

RP C18 0.70 0.18

In chromatograms presented in Fig. 1 a peak appearing immediately befo-
re FB2 can be noted. From the results of authors who also determined FB3
( S y d e n h a m et al., 1992; F a z e k a s et al., 2000; VICAM, 1997), becau-
se of the similarity in the appearance of chromatograms, its presence in the
sample analyzed in this work can be presumed. Unfortunately, due to the lack
of the standard we weren't able to confirm this presumption.
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Fig. 1. Chromatograms of naturally contaminated corn sample (Baå 2002)
obtained by application of different extract clean-up procedures:

(A) IMA column; (B) SAX column and (C) RP C18 column



As can be seen in Table 1, there is no significant difference in the obtai-
ned results for fumonisins content, regardless of the crude extract clean-up
procedure.

From the above results, it can be concluded that the use of IMA columns
for clean-up of crude extract of naturally contaminated corn samples and LC
with fluorescence detection provide the best results. Aside from the fact that
the purest extract was obtained by clean-up of crude corn extract on IMA co-
lumns, the clean-up procedure is the simplest and the fastest. Also, because of
the possibility of regeneration of IMA columns (A b r a m o v i ã et al., 2005),
it is possible to prepare more samples using one column. Therefore, having all
said in mind, lower price of SAX and RP C18 columns is not of great signifi-
cance.
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Rezime

Fumonizini su grupa jediwewa svrstana u fuzarijumske mikotoksine. Åe-
sti su kontaminenti kukuruza i proizvoda od kukuruza. Pored toga što izaziva-
ju toksiåne efekte kod razliåitih vrsta ÿivotiwa, smatra se da izazivaju kan-
cer jedwaka kod qudi. U literaturi su opisane razliåite tehnike za odreðivawe
fumonizina, kao i razliåite metode odreðivawa primenom iste tehnike. S ob-
zirom na åiwenicu da su fumonizini prisutni u veoma malim koncentracija-
ma a u veoma kompleksnim medijumima, jedan od najznaåajnijih koraka u analizi
je priprema, odnosno preåišãavawe sirovog ekstrakta uzorka.

Primewujuãi prethodno utvrðene optimalne uslove za odreðivawe fumo-
nizina B1 i B2 teånom hromatografijom sa fluorescentnim detektorom, u ovom
radu je uporeðena efikasnost razliåitih naåina preåišãavawa sirovog eks-
trakta iz uzorka kukuruza koje prethodi wihovom odreðivawu. Ispitana je efi-
kasnost odreðivawa fumonizina u prirodno kontaminiranim uzorcima kukuru-
za nakon preåišãavawa sirovog ekstrakta na imunoafinitetnim (IMA) kolona-
ma, jakim anjonskim izmewivaåkim (SAX) kolonama, kao i na kolonama sa S18

reverznom fazom (RP C18).
Na osnovu postignutih rezultata ispitivawa moÿe se konstatovati da ne-

ma signifikantne razlike u dobijenim rezultatima sadrÿaja fumonizina neza-
visno od naåina preåišãavawa sirovog ekstrakta. Meðutim, primena IMA ko-
lona za preåišãavawe daje najåistiji ekstrakt, a sam postupak preåišãavawa je
najjednostavniji i najbrÿi. Takoðe, zbog moguãnosti regeneracije IMA kolona,
moguãe je pripremiti deset uzoraka na jednoj koloni, te uzimajuãi sve navedeno
u obzir, niÿa cena SAX i RP C18 kolona nema veãeg znaåaja.
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PATHOHISTOLOGICAL CHANGES IN KIDNEY
AND LDH ACTIVITY IN BROILER TREATED WITH

DIFFERENT DOSES OF OCHRATOXIN A

ABSTRACT: The three-week long trial was performed on day-old Hybro broilers di-
vided into four groups. After 14 days long preexperimental period, the experimental groups
were offered feed contaminated with 0.5, 1.0 and 1.5 ppm OA during 7, respectively. At
the end of the trial blood and kidney samples were taken for investigations.

In broilers feed with 1.5 ppm of OA histopathological examination of the kidney tis-
sue revealed changes located in proximal tubules. Some cells were dim and swollen. These
changes produced particular or total reduction in tubular lumen of kidney. Acute tubular
necrosis existed in some of tubulocites in form of small foci. Fragmentation of necrotic
mass and presence of fresh red blood cells were also detected.

The LDH activity was significantly greater in broilers of experimental groups compa-
red with control group.

All presented data indicated that intensity of pathohistological alterations and LDH
activity depends upon dietary OTA level. Positive correlation between pathohistological
changes and increased LDH activity caused by OTA was noticed. Thus, LDH activity mea-
sure could be used as early diagnostic tool in measuring changes caused by OTA.

KEY WORDS: ochratoxin, broiler, kidney, LDH

INTRODUCTION

Ochratoxins are highly toxic compounds commonly produced as secon-
dary metabolites by two species of fungi: Penicillium verrucosum Dierckx and
Aspergillus ochraceus Wilhelm (alutaceus) (F r i s y u d and S a m s o n, 1991).
In recent years, ochratoxin A (OA) has received considerable attention because
it can not only seriously affect animal performance and health, but it may also
have deleterious effects on humans. Of greatest concern in humans (M a r -
q u a r d t and F r o h l i c h, 1992) is its implicated role in an irreversible and
fatal kidney disease (Balkan endemic nephropathy).
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Microscopic lesions in ochratoxicosis are most prominent in the kidney.
On light microscopy, severe distension, enlargement and hypertrophy of the
renal proximal convoluted tubules and thickening of the glomerular basement
membrane are seen in kidney sections of broilers receiving 2—4 ppm dietary
OA for 20 days. (D w i v e d i and B u r n s, 1984). The same pathohistologi-
cal changes were reported by M r a z and K o s u t z k y (1992), after feeding
broilers with 0.85 ppm OA during 42 days. Pathohistological examination re-
vealed epithelial dystrophy of proximal tubules, presence of eosinophilic gra-
nulocites in tubular lumen, glomerular dystrophy and cell infiltrate of intertu-
bular space.

The broilers' kidneys have high activity of LDH comparing to the other
animals (C u b e n a, 1974). Increased serum LDH was reported only in broi-
lers with kidney disorders. K u b e n a and H a r v e y (1994) described a
significantly increased LDH activity in broilers treated with 2 ppm OTA for
21 days. A y e d (1991) also described an increased LDH activity in broilers
treated with low doses of OTA (0.5 ppm/7 days).

The present study was, therefore, designed to assess the effect of short-
-term treatment with graded levels of dietary OA on the pathohistological
changes in kidney tissue of broilers, as well as correlation between pathohisto-
logical changes and increased LDH activity caused by OTA.

MATERIAL AND METHODS

Experimental design. After 14 days long preexperimental period, a total
of 48 broilers were submitted to the trial. Birds were divided into three
experimental groups (A, B, C), and one control group (K). Experimental gro-
ups were fed with contaminated feed.

Diet. All groups of broilers were fed with commercial mash, which consi-
sted of standard feedstuffs and contained enough nutrients to meet all require-
ments. In the mixture for A, B and C experimental groups the 99% pure
ochratoxin A (Sigma, O — 1877), obtained from Aspergillus ochraceus cultu-
re (303-47-9), was added in an amount enough to provide 0.5, 1.0 and 1.5 mg
OTA/kg of feed, respectively.

Sample collection. Kidney and blood samples were taken after the period
of toxin administration (21st day). In the shortest possible period the samples
of kidney were taken for histological investigation. Kidney samples were fixed
in 10% neutral formalin and absolute alcohol and were formed in paraffin.
Thickness of the cut was 5—8 �m and they were stained (S c h e u r and
C h a l k, 1986) using standard methods (HE). Also, using an automated, clini-
cal-chemistry analyzer (SMAC Technicum 3000) the determination of the se-
rum activities of LDH was done.

RESULTS

Histopathological changes in kidney were not detected in broilers of con-
trol group and broilers of experimental groups fed with 0.5 and 1.0 ppm of OA.
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In broilers fed with high doses of OA (1.5 ppm) during 7 days period hi-
stopathological examination of the kidney tissue revealed changes located in
proximal tubules. Some cells were dim and swollen. These changes produced
particular or total reduction in tubular lumen of kidney.

Basement membrane of epithelial cells was intact. Cytoplasm of tubuloci-
tes was filled with fine granules and nucleus was masked. Also, reduction in
volume and hyperchromatosis of nucleus in epithelial cells of proximal tubules
was detected. In some of epithelial cells in changed tubules light vacuolization
was expressed and transparent cytoplasm was detected.

Acute tubular necrosis existed in some of tubulocites in form of small fo-
ci. Fragmentation of necrotic mass and presence of fresh red blood cells were
also detected. In two of six sacrificed broilers intensive extravasation near nec-
rotic center was found. The structure of glomeruli was better preserved than
tubules; thus their normal formation is more easily observed.
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The LDH activity was significantly greater in broilers of experimental
groups compared with the control group.

DISCUSSION

In our trial pathohistological changes were detected in tissue samples of
animals receiving 1.5 mg OA/kg feed during 7 days. According to our fin-
dings, K u b e n a et al. (1989) detected in broilers fed 2 mg OA/kg feed en-
largement of kidney epithelial cells with dark nuclei, which indicate early de-
generative changes in proximal tubules of intoxicated animals. Similar chan-
ges, although with almost double dose of toxin, were described by H a r v e y
et al. (1987), who fed broilers with 3.5 mg OA/kg feed during 28 days. Patho-
histological changes included dilatation and necrosis of tubules.
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S t o j k o v i ã et al. (1984) presented persistence of a protein fraction
with small molecular weight in blood (20.000 Da) which binds OA more
specifically than plasma albumins. The authors concluded that the binding of
OA to this protein might be relevant to its predominant nephrotoxic effect, be-
cause such molecules can easily pass through the normal glomerular membra-
ne, enabling the accumulation of OA in the kidney.

All described pathological changes induced after OA treatment had a
primary localization in proximal kidney tubules and could be connected with
toxin metabolism. Increasing LDH activity could indicate alteration of tubulo-
cites related with OTA effect.

All the presented data indicated that intensity of pathohistological alterati-
ons and LDH activity depends upon dietary OTA level. A positive correlation
between pathohistological changes and increased LDH activity caused by OTA
was noticed. Thus, LDH activity measure could be used as an early diagnostic
tool in measuring changes caused by OTA.
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Rezime

Ogled je izveden na Hybro-brojlerima podeqenim u åetiri grupe i trajao je
21 dan. Nakon åetrnaestodnevnog pripremnog perioda ogledne grupe su hrawene
hranom kontaminiranom ohratoksinom A u koliåini od 0.5; 1.0 i 1.5 ppm tokom
7 dana. Na kraju ogleda uzeti su uzorci krvi i tkiva za ispitivawa.

Kod ÿivotiwa koje su 7 dana dobijale koliåinu od 1.5 ppm OA patohisto-
loškim pregledom bubrega uoåava se da su promenama uglavnom zahvaãeni prok-
simalni bubreÿni tubuli. Pojedine epitelne ãelije su mutne i nabubrele, što
je dovelo do delimiånog ili potpunog suÿewa lumena bubreÿnih tubula. Kod
maweg broja bubreÿnih tubula zapaÿa se akutna tubularna nekroza u vidu sitnih
ogwišta. Åesta je pojava fragmentacije nekrotiåne mase, kao i nalaz sveÿih
eritrocita.

Aktivnost enzima LDH na kraju ogleda bila je signifikantno viša kod
brojlera svih oglednih grupa u odnosu na kontrolnu grupu.

Sve navedene åiwenice ukazuju da intenzitet patohistoloških promena u
bubregu zavisi od koncentracije ohratoksina A u hrani, pri åemu aktivnost en-
zima LDH moÿe da posluÿi kao koristan parametar za procewivawe stepena
alteracija bubrega.
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EXPERT SYSTEM FOR DETERMINATION
OF FUMONISINS IN CORN SAMPLES

ABSTRACT: An expert system (ES) to solve the problem of choosing an optimal
procedure for the determination of fumonisins in corn samples was developed, having in
mind that these toxins most frequently contaminate this particular cereal. In constructing the
ES use was made of the deterministic approach starting from the assumption that the
experts in the field have a profound knowledge about the problem in question. The ES
knowledge base contains the solutions that have been published in the pertinent literature,
as well as some solutions and recommendations, which we have developed and introduced.
On the basis of this information, as well as on the basis of the demanded method detection
limit, available equipment, chemicals, as well as the time the experimenter has at his dispo-
sal for the determination, the ES proposes a procedure for solving the given analytical pro-
blem, starting from sampling, preparation of all the necessary solutions, the appropriate ap-
paratus, probe preparation, the mode of determining results, calculation of the results, and
provides a survey of all the relevant literature references. The base of ES is a shell, which
can work under a variety of Microsoft Windows operating systems. In the development of
ES and its adaptation for users who are not familiar with computer techniques, different to-
ols, which operate with Microsoft Windows operating systems, as well as the tools within
Microsoft Office are used.

KEY WORDS: Corn analysis, expert system, fumonisins, mycotoxins

INTRODUCTION

Expert systems (ES) are a branch of applied artificial intelligence (AI)
which began to develop by the AI community in the mid-1960s (L i a o, 2005).
The basic idea behind ES is simply that expertise, which is the vast body of
task-specific knowledge, is transferred from a human to a computer. This
knowledge is then stored in the computer as a software package and users call
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upon the computer for specific advice as needed. In the field of analytical
chemistry a larger number of ESs have already been developed (A b r a m o -
v i ã et al., 1996; N a m i e s n i k, 2000; B o n a s t r e et al., 2001; P e r i s,
2002).

Although, the replacement of the human expert by advanced computer-ai-
ded systems in chemical analysis laboratories in the food industry has been
perhaps slower than in other fields of analytical chemistry (P e r i s, 2002), ESs
are straightforward with important advantages, namely:

1. ESs can work 24 hours over the year without stopping, but chemists
cannot.

2. ESs can work in difficult working conditions, but chemists cannot.
3. Copies of an ES can easily be made for as many locations as needed,

while training new analysts is expensive and time-consuming.
4. ESs do not forget even the large number of parameters, which often

have to be taken in account during the analyses, but chemists may.
5. ESs make comparable recommendations for like situations, similar ca-

ses being handled in the same way, whereas, humans are influenced by
primacy effects (early information dominates the judgment) and contemporary
effects (most recent information having a disproportionate impact on jud-
gment).

6. Mistakes and errors can be prevented.
7. In the real-time systems information needed for decision-making is

available sooner than from humans and even from different and sometimes
very distant locations.

8. The knowledge of multiple human experts and even from different fi-
elds of science can be combined to give a system more breadth than a single
person is likely to achieve.

However, ESs are still no match for chemists in food analysis in terms of:

1. Sensory experience: Human experts have available to them a wide ran-
ge of sensory experience, whilst ESs are currently very often dependent only
on symbolic input.

2. Degradation: ESs are very often not good at recognizing when no
answer exists or when the problem is outside their area of expertise.

3. Learning: Human experts automatically adapt to changing environ-
ments and unlike them, ESs must be explicitly updated. ES combined with da-
tabase, case-based reasoning and neural networks are methods that can incor-
porate learning.

4. Creativity: Analysts can respond creatively to unusual situations; ESs
cannot.

Up to now, no one ES was developed in the field of mycotoxin analysis.
In view of this, the aim of the present work was to develop an ES for solving
the problem of choosing an analytical procedure for the determination of fu-
monisins in corn.
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BASIC PRINCIPLES IN THE DEVELOPMENT
OF THE EXPERT SYSTEM

In developing the ES the guiding idea was that it has to satisfy several
goals, namely:

1) To be modular and easy to expand;
2) That new information and knowledge can be easily updated in the ES,

without, or with a minimal change in the formal logic system;
3) That the acquisition and preparation of data and procedures can be

conveniently carried out by experts to their final implementation into the ES,
so that the communication between the expert and system engineer is made ea-
sier, as well as that a fast implementation is ensured;

4) That the once developed ES can be easily translated into other langua-
ges, with minimum change of the inference engine and that its updating in that
language should be as simple as possible;

5) That the developed ES and its upgrades easily can be downloaded over
the Internet.

With the aim of fulfilling these requirements we designed the ES with of-
ten use of graphical parameters. The system of formal logic has mostly been
designed to operate with symbolic parameters, which are independent of the
precise content of its graphical presentation. In this way, we were able to de-
velop a system of formal logic, which is intelligible and easy for checking,
modification, or expansion. In the graphical presentation of the parameters a
full freedom is ensured in choosing the text, language, tables, mathematical or
chemical formulas, pictures or drawings.

In designing the knowledge base it was extremely important to carry out
formalization, organization and parameterization of the knowledge base in a
way, which will be user-friendly, and its usage utmost freed of possible ambi-
guities. The inference engine was made so that it ensures the shortest way in
obtaining an answer, which ought to be clear and unambiguous, and provides
the user full information about the procedure to be applied. Also in the develo-
ping of the present ES we have chosen the certain criteria, which then were
used for designing the hierarchical structure and in the making the branching
choice.

In developing of the ES and adapting it to wide variety of the users even
to those, which are not familiar with the computer technique, beside ES shell,
some of Microsoft Office tools and some of the software tools operating with
the Microsoft Windows operating systems were used. The ES was constructed
having constantly in mind that its application should be maximally simplified
and easy to use for specialists in chemistry but also with those who are not.

BASIC CARACTERISTICS OF FUMONISINS

Fumonisins, secondary metabolites of fungi from the genera Fusarium,
are mycotoxins, of importance to human and animal health (WHO, 2000).
They are the most frequently found as natural contaminants in corn and
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corn-based products worldwide (S h e p h a r d et al., 1996). Fumonisins have
experimentally been shown to be a causative agent of equine leukoencephalo-
malacia, porcine pulmonary edema syndrome and to produce liver cancer in
rats (WHO, 2000). Acute fumonisin toxicity in humans was not confirmed, but
the presence of fumonisins in corn was statistically associated with high inci-
dence of esophageal cancer in people from South Africa (S y d e n h a m et al.,
1990) and China (C h u and L i, 1994). International Agency of Cancer Rese-
arch has classified Fusarium moniliforme toxins as potential carcinogens for
humans (class 2B carcinogens), similar to ochratoxin A (IARC, 1993). An of-
ficial tolerance value for dry corn products (1 �g/g) has been issued only in
Switzerland, while only recommendations have been issued in the United Sta-
tes and France (S o l f r i z z o et al., 2001). To date, European Commission
has recommended, but not legislated, maximum levels for combinations of fu-
monisins B1 and B2 which range from 2000 �g/kg for unprocessed corn to 100
�g/kg for infant food (EMAN, 2000). The tolerance level for fumonisins in
feed and groceries has not yet been set in Serbia and Montenegro.
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By their chemical structure, fumonisins are polar organic compounds with
a long hydrocarbon chain. According to their structure, there are four series:
A, B, C and P. The most attention is devoted to the toxins from the B series,
since they are the most toxic. These toxins are diesters of propane-1,2,3-tricar-
boxylic acid and 2-amino-12,16-dimethylpolyhydroxyeicosanes. Many analyti-
cal procedures have been developed for determining fumonisins in corn and
corn-based foods and feeds (J a k š i ã, 2004). Besides the fact that methods for
fumonisins B series determination differ in detection limit (Fig. 1), there is a
significant difference in the price of analysis, as well as in duration, which
was also considered in creating the ES.

BASIC HIERARCHICAL ORGANIZATION OF THE
EXPERT SYSTEM

To get an impression about the system as a whole and of its parts let's
have a look at the following basic flow-chart. (Fig. 2). First of all, the user ob-
tains some basic information about the ES (Fig. 2, Q2 and Q3) and then, if the
user so desires, basic information on fumonisins (production and presence in
nature, chemical structure of fumonisins, toxic effects of fumonisins, carcino-
geneity, legislative regulations, as well as the detection limits for various met-
hods, Fig. 2, Q5—Q10). This information on fumonisins can be later omitted.
Parameter Q11 is introduced to enable simpler spreading, i.e. branching of ES
parts, as well as for easier control. After that, the user has to choose with what
sensitivity, i.e. detection limit (DL) of the method he wants to determine fu-
monisins (Fig. 2, Q12). In this ES, methods are divided into four groups ac-
cording to DL. Liquid chromatography has the lowest DL (0.01 �g/g), fol-
lowed by capillary zone electrophoresis (0.05 �g/g), gas chromatography and
thin-layer chromatography (0.1 �g/g), and enzyme-linked immunosorbent as-
say (ELISA) and fluorometry (0.25 �g/g). If the user wishes to apply the met-
hod with the lowest DL, i.e. liquid chromatography (LC), he should answer
the question about the availability of the equipment. If the answer is affirmati-
ve (Fig. 2, Q13, 1), the next question is whether cartridges are available
(immunoaffinity column, column with strong anion exchange, and/or C18 re-
verse phase), or not (Fig. 2, Q15). If the answer is affirmative, seven options
are available, depending on whether the user has only one column at disposal
(Fig. 2, Q16, 1—3), two columns (any two) (Fig. 2, Q16, 4—6) or all three
columns (Fig. 2, Q16, 7). If only one column is at disposal, ES gives him an
appropriate procedure (choices 2—4). However, if the ES user has more than
one cartridge at his disposal, a more appropriate procedure is suggested, provi-
ding a chromatogram with fewer interfering peaks. If, however, the user does
not have cartridges at his disposal (Fig. 2, Q15, 2), individual cartridges are
then suggested within the HELP, along with additional information about their
advantages, i.e. disadvantages (Fig. 2, Q22—Q24).

As a result of the consultation, the user gets basic information about the
technique (in this case about LC), along with a detailed determination proce-
dure, starting from sampling, necessary chemicals as well as preparation of all
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Fig. 2. Flow chart of one part of ES for determination of fumonisins
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Fig. 3. Graphic presentation of a few parts of the results of consultation



116

Fig. 4. Few rules for defining one of the consultation results



the necessary solutions, the appropriate apparatus, probe preparation, the mode
of determining results, calculation of the results, and provides a survey of all
the relevant literature references. Some of the screens are presented in Fig. 3
for the sake of illustration, and the way of coming to one such solution, i.e.
rules which ensure it are presented in Fig. 4.

If, however, an LC is not available to the user, he should define whether
a higher DL is acceptable for his determination of fumonisins in corn (Fig. 2,
Q14). If the answer is YES (number 1), then branching is provided toward
branch B. If, however, the answer is NO (number 2), the user gets the infor-
mation that by using the other technique the desired DL cannot be achieved
and that the consultation is ending (Fig. 2, choice 1).

If the user defined a higher DL at the beginning of the job, the choice of
methods is certainly higher (Fig. 2, branching toward branches B—D). For
example, if the DL of 0.25 �g/g is acceptable, the user can apply, aside from
LC, capillary zone electrophoresis, gas chromatography, thin-layer chromato-
graphy, as well as ELISA and fluorometry. To narrow down the choice, a
possibility of choosing a method is offered to the user on the basis of analysis
cost, as well as its duration (not shown in Fig. 2).
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Rezime

Ekspertni sistemi se posledwih petnaestak godina primewuju u sve veãem
obimu u razliåitim oblastima qudske delatnosti kao izvanredno sredstvo za
rešavawe kompleksnih problema koji zahtevaju znawe i iskustvo odgovarajuãih
eksperata. Jedna od tih oblasti je i hemijska analiza u kojoj je veã razvijen zna-
åajan broj ekspertnih sistema.

Ciq ovog rada je bio da se realizuje ekspertni sistem za rešavawe pro-
blema izbora optimalnog postupka odreðivawa fumonizina. U prvoj fazi raz-
voja ekspertnog sistema opredelili smo se za odreðivawe fumonizina u kukuru-
zu imajuãi u vidu da ovi toksini najåešãe kontaminiraju upravo ovu ÿitaricu.
Pri izradi ekspertnog sistema prihvaãen je deterministiåki pristup koji po-
lazi od pretpostavke dobrog poznavawa navedene problematike od strane ekspe-
rata iz date oblasti. Sistemom su obuhvaãena rešewa koja su dosada objavqena u
literaturi za navedenu oblast, kao i naša iskustva do kojih smo došli tokom
ispitivawa pojedinih metoda. Na osnovu tih informacija, kao i na osnovu zah-
tevane granice detekcije metode, raspoloÿive opreme, hemikalija, kao i vreme-
na koje eksperimentator ima na raspolagawu za odreðivawe, ekspertni sistem

118



daje predlog optimalnog postupka odreðivawa fumonizina u kukuruzu poåev-
ši od uzimawa uzorka za analizu, pripremawa svih potrebnih rastvora, po-
stupka odreðivawa, izraåunavawa rezultata, pa do pregleda relevantne litera-
ture. Osnova ekspertnog sistema je quska koja moÿe da radi pod raznim verzija-
ma Windows operativnog sistema. U wegovom potpunom uobliåavawu i prilago-
ðavawu korisnicima koji raåunarsku tehniku ne poznaju dovoqno korišãen je
alat obuhvaãen unutar Microsoft Windows i Microsoft Office. Pri izradi ekspert-
nog sistema vodilo se raåuna da wegova primena bude maksimalno pojednosta-
vqena za korisnike.
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ZEARALENONE ENDOCRINE SYSTEM CATCH

ABSTRACT: This paper deals with the contamination of our environment with thou-
sands of both natural and man-made chemicals which affect the endocrine system of hu-
mans and animals. These so-called endocrine disrupting chemicals (EDCs) are thought to
mimic or block the action of hormones and therefore disrupt sexual development in utero.
EDCs are organochlorine pesticides, dioxin compounds, polychlorinated biphenyls, alkyl-
polyethoxylates, plastic additives and phytoestrogens (occurring naturally in foods: isoflavo-
nes, coumenestans and zearalenone). The structure of zearalenone is similar to the structure
of estrogens and it enables binding to the estrogenic receptors. DNA laddering on gel elec-
trophoresis was present 12 h after dosing thus indicating a conclusion that there was apop-
tosis. Apoptosis is the principal mechanism contributing to germ cell depletion and testicu-
lar atrophy following zearalenone exposure.

KEY WORDS: apoptosis, EDCs, testis, zearalenone

INTRODUCTION

Our environment is contaminated with thousands of man-made chemicals
that can interact with the endocrine system of humans and animals. More
recently animal models have shown that maternal EDC exposure induces re-
productive disfunction in male offspring. Environmental chemicals known to
do this do so most often with receptors derived from the steroid/ thyroid/ reti-
noid gene family (M c L a c h l a n, 2001). They include ubiquitous and persi-
stent organochlorines, as well as pesticides, dioxin compounds, polychlorinated
biphenyls, alkylpolyethoxylates, plastic additives and phytoestrogens (occur-
ring naturally in foods) have known endocrine disrupting effects. Many plants
and fungi contain naturally occurring phytoestrogens and humans are probably
exposed to milligram quantities every day. Active substances are isoflavones,
coumenestans and the fungal metabolite zearalenone.

In order to understand the mechanisms by which EDCs affect the deve-
lopment of the human fetal gonad, it is important to determine the key proces-
ses regulating human gonad development. Testis development is initiated in
the embryo as a response to the expression of the sex-determining gene, SRY.
In addition to SRY, there are several downstream effectors and autosomal ge-
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nes that are required for normal differentiation of the male primary gonad. The
appearance of Sertoli cells at 6—7 weeks is one of the first morphological
signs of testis development. Between 10 and 15 weeks, Sertoli cells in the
newly differentiated testis produce Mullerian inhibiting substance (MIS). This
causes the regression of the Mullerian ducts, which would otherwise differenti-
ate into the female genitalia. Persistence of these ducts is associated with fai-
led testis descent, hence MIS is thought to be critical for masculinisation and
thus a likely target for EDCs (M u r r a y et al., 2001).

Sertoli cell multiplication occurs during fetal, neonatal and prepubertal li-
fe and is dependant on FSH stimulation. Circulating FSH levels have been
shown to rise accordingly as gestation progresses from 17 to 40 weeks. Inhibin
production, which is reported to predominantly occur in the adult Sertoli cells,
suppresses FSH production by the pituitary. In the adult testis each Sertoli cell
“nurses" a fixed number of germ cells into spermatozoa. It follows therefore
that the establishment of a normal adult sperm count is dependant on the gene-
ration of Sertoli cells. Hence, adequate Sertoli cell proliferation during fetal,
postnatal and prepubertal windows is vital to establish a normal sperm count
in adulthood.

The interstitial fetal Leydig cells begin differentiation during the eighth
week of gestation and secrete testosterone to promote differentiation of the
Wolffian ducts into the seminal vesicles. The Leydig cells undergo rapid proli-
feration until week 18 when a plateau is reached and Leydig cell number re-
mains at this level until the third trimester. The period of maximum Leydig
cell number is also coincidental with a peak in fetal testosterone synthesis
between 14 and 18 weeks of gestation equivalent to levels observed in the
adult male. Luteinizing hormone (LH) is the main hormone stimulus on Ley-
dig cells for the intrauterine production of testosterone (R a d u n o v i ã et al.
1993).

Zearalenone has several cell types to target, but the function of these cells
is not fully understood; it is thought that zearalenone is involved in Serto-
li/Leydig cell interactions.

Zearalenone is a non-steroid estrogenic complex produced by several spe-
cies of Fusarium which grow on cereals. Zearalenone and its metabolites bind
to human estrogenic receptors thus demonstrating estrogenic and anabolic pro-
perties similar to FSH (A b i d - E s s e f i, 2003). After ingestion zearalenone
decreases the level of FSH and LH.

Zearalenone can be genotoxic in vivo causing damage to DNA and cau-
sing the chromosome aberration. The elevated concentration of this toxin cau-
ses the DNA fragmentation resulting in the “ladder-like" appearance on the
agar gel during the electrophoresis. Such an appearance indicates the apoptosis
(H w a n et al., 2003).

Apoptosis or the programmed cell death is a normal component of the
development and health of the multicellular organisms. The number of cells
can be regulated by apoptosis in the normal state of health; for exampe, the
number of neurons during development which are “siucidal" so as to keep the-
ir number at a controlled level. Apoptosis can also occur in diseases, AIDS
e.g., where there is an increased apoptosis of immune cells, consequently a
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weaker immunity. It occurs due to the cell death as a response to the variety
of stimuluses (radiation, tissue lesion, various genotoxic agents, EDC etc.) and
during the apoptosis it happens in a controlled and regulated way in contrast to
the necrosis, in which the cell death leads to the destruction of cells, inflam-
mations and serious health problems (T e r z i ã, 2004). The most obvious
example for understanding the apoptotic changes is with neurons. At the place
of the primary impact the neurons undergo necrosis and instantly die but those
neurons further from the primary impact are partly damaged and can survive
so that they can be saved by a certain treatment since their death is delayed,
thus enabling the treatment. But, if the neurons realize that death is inevitable
(that they are too damaged) they employ the self-destruction mechanisms
( D e m j e n, 2004).

After receiving certain signals a cell undergoes the apoptosis i.e. a certain
number of characteristic morphological changes. A group of proteins known as
caspases are activated in the early stages of apoptosis. They divide into parts
which are essential for normal cell functions, including structural proteins in
cytoskeleton and nuclear proteins such as DNA repair enzymes. The caspases
can activate the other degradative enzymes (DNases which begin to cleave the
DNA in the nucleus). The result of these biochemical changes is the appearan-
ce of morphological changes in a cell. To summarize, when a cell wants to kill
itself different ways of signal transduction are employed (transmission of a su-
icidal signal) which lead to the activation of certain enzymes — caspases
which cut (disintegrate) their substrates (proteins essential for the life of a cell
— structural, nuclear proteins) and a cell dies (S h i g e k a z u, 1999).

THE PROCESS OF APOPTOSIS

The cytoplasm begins to shrink following the cleavage of lamins and ac-
tin filaments (structural proteins) (A). The nuclear condensation can be obser-
ved through the destruction of chromatins and nuclear-structural proteins, and
in many cases the nucleus of apoptotic cells takes on the shape of a horseshoe
(B). The cells continue to shrink (C) packaging in a shape which allows for
easy clearance by macrophages (a macrophage “eats" them and there are no
inflammatory reactions in contrast to necrosis). The phagocytic cells are re-
sponsible for the elimination of apoptotic cells from tissues in a clean and tidy
way which avoids many of the problems associated with the necrotic death of
a cell. In order to promote their phagocytosis through macrophages, apoptotic
cells often undergo the change of the plasm membrane which causes the mac-
rophagic reaction. One of such changes is the transmission of the phosphati-
dylserine from the inner leaflet of the cell towards the outer surface. The chan-
ges in the membrane can often be observed morphologically through the occu-
rence of membrane blebs or blisters (D), which often appear at the end of the
apoptotic processes. Namely, the dying cells develop phosphatidylserine on the
outer membrane which is a sign to macrophages to “eat" them. Small vesicles
called apoptotic bodies can sometimes be observed (D?) and are the sign that
cells die during apoptosis (Fig. 1).
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APOPTOSIS AND EDCs

Apoptosis is an important feature during testis development and this is
partially controlled through the expression of a large family of related apopto-
tic regulatory genes. The prototype apoptosis inhibitor is the protein product of
the proto-oncogene bcl-2. The gene product forms homo- or hetero-dimers
with apoptosis inducing factors such as bax. Over-expression of bax negates
the death repressor effects of bcl-2 and promotes apoptotic cell death, hence
the bcl-2/bax ratio is an important component of cell survival.

The expression of Fas ligand (FasL) and Fas receptor (FasR) is also im-
portant in the regulation of apoptosis. When FasL crosses links with its recep-
tor, the apoptosis is induced in FasR-positive cells. Since FasR is localised to
adult rodent germ cells and FasL to the Sertoli cells the role of this system in
adult testis function remains to be clarified. In addition, an estrogen response
element (ERE) motif has been identified in the promoter region of the FasL
gene. These findings suggest that EDCs recognised by the estrogen receptor
could disrupt FasL expression in the testis, hence affecting testis development
and function. However, human studies have failed to detect FasR or FasL mR-
NA in fetal testis at 20—22 weeks of gestation hence EDC action through this
mechanism may be limited to certain gestational windows.

Zearalenone is estrogenic and therefore can bind to the ER�	
-positive
Leydig cells in the interstitium. This could reduce testosterone secretion and
thus availability for binding to the AR expressed on the PMCs. Since testoste-
rone is reported to protect against testicular apoptosis, this may be associated
with reduced levels of bcl-2 in the PMCs resulting in apoptosis.
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The ways of the assumed mechanisms by which EDCs may induce disre-
gulation of apoptosis in the human fetal testis are schematically shown (Fig.
2). A. Normal function: Testosterone (T), produced by Leydig cells [1], targets
the peritubular myoid cell (PMC) where most androgen receptor (AR) is loca-
ted [2]. Consequently, this cell functions normally and interacts with Sertoli
cells [3]. B. EDC action on estrogen receptor: After crossing the placental
'barrier', dieldrin (Diel) reaches the fetal testis [4] and docks with the ER
expressed by the Leydig cell [5]. This causes estrogen mediated effects, such
as decreasing T output by the cell [6] and hence, the AR on the PMC does not
receive adequate T [7]. This causes bcl-2 levels to fall resulting in apoptosis of
the PMC [8]. Finally, PMC-Sertoli cell interaction is affected [9]. C. EDC ac-
tion on androgen receptor: Diel docks with the AR expressed by the PMC [10]
thus blocking T binding to the AR on the PMC [11]. Inadequate binding of T
causes bcl-2 levels to fall resulting in apoptosis of the PMC [12]. Finally,
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Figure 2. Schematic presentation of EDCs action (M u r r a y, 2001)



PMC-Sertoli cell interaction is affected [13]. D. EDC action: non-receptor me-
diated: Unbound Diel present within the Leydig cell [14] may cause bcl-2 le-
vels to fall resulting in apoptosis of the Leydig cell [15]. Consequently, less T
is produced by the Leydig population. 17. Hence, the AR on the PMC does
not receive adequate T. 18. This causes bcl-2 levels to fall resulting in apopto-
sis of the PMC. 19. Finally, PMC-Sertoli cell interaction is affected [19].

CONCLUSION

Until recently moulds were concidered to be harmless, although it was
proved that some moulds were harmful or toxic to people, plants and animals.
Zearalenone belongs to the group of phytoestrogens and is a secondary meta-
bolite of Fusarium spp. This mycotoxin, present in this region, has proven en-
docrine — disrupting effects and negatively affects the reproductive develop-
ment in male population. So far the studies have given rise to the significant
concern about the EDCs effect from the environment on the development of
male fetus, followed by the effect on the reproductive health in adults. Scien-
tists have succeeded in identifying EDC sensitive genes but there is still a lot
to be explained regarding the meshanisms i.e. the disrupted apoptosis of the
testis.
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Rezime

Naše okruÿewe kontaminirano je sa 1000 hemikalija koje je åovek stvorio
i koje mogu stupiti u interakciju sa endokrinim sistemom qudi i ÿivotiwa.
Smatra se da ove tzv. supstance koje razaraju endokrini sistem (EDC) blokiraju
rad hormona i tako ometaju seksualni razvoj in utero. Nedavno su ÿivotiwski
modeli pokazali da materinska izloÿenost EDC supstancama indukuje repro-
duktivne disfunkcije kod muških potomaka. Ove studije su dovele do znaåajne
zabrinutosti u prodoru EDC iz okruÿewa na razvoj muškog fetusa, a potom i
reproduktivnog zdravqa odraslog.

U hemikalije sa endokrino-razarajuãim efektima ubrajaju se: organohlorni
pesticidi, dioksini, polihrolni bifenili, alkilopolietoksilati, plastiåni
aditivi i fitoestrogeni koji se javqaju prirodni u hrani. Aktivne supstance
su izoflavoni, komestroli i fungalni metabolit zearalenon (ZER). Zearalenon
kao estrogenska supstanca izaziva prerani seksualni razvoj kod nezrelih ÿen-
ki, dok kod muÿjaka inhibira normalan razvoj testisa. DNK fragmentacija uo-
åena „merdevinastim" izgledom DNK na agaroznom gelu tokom elektroforeze
bila je oåigledna nakon 12 sati delovawa ZER i upuãivala je na nastanak apop-
toze. Apoptoza je glavni mehanizam koji doprinosi praÿwewu semenih ãelija i
atrofiji testisa.

Postoje dokazi da se muška reproduktivna funkcija smawuje kod qudi i
populaciji u divqini. Dokazi su podudarni sa poveãanom upotrebom i veãim
uticajem hemikalija kao i fitoestrogena u okruÿewu tokom posledwih 50 godi-
na. Shodno tome, hopoteze su usmerene na mehanizam delovawa EDC u indukciji
disregulisawa apoptoze u qudskom fetalnom testisu.
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CORRELATION OF CONCENTRATION
OF FUMONISINS AND YIELD GRAIN OF WHEAT

ABSTRACT: Wheat from different locations was served for the isolation of Fusari-
um spp. Isolates were precisely identified and multiplied for artificial inoculation. Three
sorts of winter wheat were chosen: PKB Lepoklasa, Jugoslavija and Francuska. To these
sorts three different treatments were applied: artificial inoculation with the isolates of Fusa-
rium spp., protection of wheat with fungicide Impact-C and follow-up of a spontaneous in-
fection in different phenophasis of wheat development. The control was done with the same
sort, of the same location, not covered by an experiment. The research lasted for three
years.

Phytopathological evaluation was done twice during vegetation. The sort of Jugosla-
vija had an average of 85% of infected plants, Francuska 65%, but PKB Lepoklasa during
each of three years had 100% of infection by Fusarium spp. fungi.

Presence of fungi Fusarium spp. causes production of numerous mycotoxins and we
determined presence of fumonisins. The mentioned mycotoxin was found only in the treat-
ment of artificial inoculation for each sort. Presence of fumonisins was proved by fluorome-
tric method and concentration was by sorts as follows: Jugoslavija 0.30 mg/kg, Francuska
0.62 mg/kg, and PKB Lepoklasa 0.56mg/kg. In grains 100% infected by fungus, the con-
centration of mentioned toxins is of a greater quantity.

KEY WORDS: Fusariosis, mycotoxin, wheat, yield grain

PREFACE

The increase of population brings the problem of increased food produc-
tion and food keeping in better storing conditions, by the help of which
healthy satisfactory food could be provided. According to the data of FAO, it
is estimated that one fifth of all losses of produced food is due to insects, mic-
roorganism and other pests. The reducing of these losses induces the reducing
of hunger problem in the world.

Mycotoxins are secondary metabolites produced by fungi which may cau-
se harm to health of people and animals. Wheat may be infected with fungus
Fusarium spp. in the field, as well as during the storage. The most significant
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Fusarium toxins, frequently appearing as cereals are fumonisins, zearalenone
and trichothecenes. Working group for cancerogenic risk put toxins from F.
moniliforne (including fumonisins) in group 2B, as possibly carcinogen for
people.

For our territory, concerning geographical position and climatic characte-
ristic, the most significant mycotoxins, originating from fungus Fusarium spp.
are zearalenone and deoxynivalenol, and for fumonisins, occurring in wheat,
there are no data for out country, but in the world these mycotoxins are com-
bined mainly for corn.

MATERIAL AND METHODS OF WORK

To examine the presence of fumonisins in wheat grain three varieties of
winter wheat were chosen: PKB Lepoklasa, Jugoslavija and Francuska. To the-
se varieties three different treatments were applied and the first was the protec-
tion of wheat with fungicide Impact-C. The second treatment was the artificial
inoculation with the isolates of Fusarium spp. at the beginnig if wheat flow-
ering. Wheat, grown in various regions, was used for isolation of Fusarium
spp. Isolation was done according to the method of N e l s o n et al. (1979)
and there was done suspension for artificial inoculation with fungi Fusarium
spp. The third treatment was the monitoring of a spontaneous infection in dif-
ferent phenophases of wheat development. The control was done with the sa-
me sort, of the same location, not covered by an experiment. The research la-
sted for three years.

This experiment in the field was implemented. For this test, it was used
the block system repeated four times. The size of the field was 5m2 (1x5).

The spikes (50 for treatments) were taken in different phenophases of
wheat growing (milk ripeness, waxy ripeness and full ripeness). Germinating
ability was tested by spikes analysis and the identification of Fusarium spp.
was done according to the method of N e l s o n et al. (1979).

After the harvest, the presence and concentration of the mycotoxins in the
wheat grain were determined. The degree of infection with fungi Fusarium
spp. is variable, with the aim to compare obtained results, grains 100% infec-
ted with fungus were isolated from the wheat samples artificially inoculated.
Fumonisins were determined by a modified HPLC method, by fluorometric
method, that is, imunoafinitive column chromatography on fluorometer Vicam,
Watertown, MA (S c o t t et al., 1995, W a r e et al., 1994).

There were done statistic data processing, analysis of variations, simple
correlation and regression. The analysis covered different years, sorts and tre-
atments. The results are shown as a three year average for all examined cha-
racteristics.

RESULTS OF RESEARCH

Variety Jugoslavija, on allotments where artificial infection by fungus, re-
sulted with 85% of sick plants. Protection by fungicide was effective for Fran-
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cuska variety as during the course of three years the symptoms of fusiriosis
were not observed. During the first and the second year an artificial infection
occurred on 60% infected plants and during the third year on 75%. Plants of
PKB Lepoklasa variety were 100% infected by fungus in a treatment of an ar-
tificial inoculation, 1% was naturally infected and there were no damages with
protected plants (Table 1).

Table 1. Percentage of infection by fungus Fusarium spp. of different genotypes of winter wheat
by treatments

VARIETY(S)
TREATMENT (T)

SxProtection with
Impact C

Artificial inoculation
with Fusarium spp.

Natural
infection

Jugoslavija 0.2 85 0.7 28.6

Francuska 0 65 0.3 21.8

PKB Lepoklasa 0 100 1 33.7

Tx 0.07 83.3 0.7 28.0

The spikes were taken in different phenophases of wheat growing (milk
ripeness, waxy ripeness and full ripeness). Germinating ability was tested by
spike analysis and there was done identification of Fusarium spp. Dominant
fungus at selected varieties of winter wheat was F. graminearum, F. monilip-
horme and F. proliteratum found in minor percentage. Results of regression
analysis show that there is a high negative correlation between the germinating
ability and the percentage of spike infection by fungi (r = –0,90).

During the course of three years study the grain yield of selected varieties
of winter wheat was as follows: Francuska 7,77 t/ha, PKB Lepoklasa 7,76 t/ha
and Jugoslavija 7,71 t/ha.

Regression analysis between the mass of 1.000 grains and concentration
of fumonisins at wheat there was deduced grain a high negative correlation co-
efficient r = –0,99. For seed germination and concentration fumonisins at
wheat grain, there was confirmed string correlation coefficient r = –0,19.

Small detected difference between analysed varieties is not statistically
significant. Wheat protected with an fungicide Impact-C had 0,74 t/ha more
grain yield than grain from spontaneous infection, by which this scientific far-
ming method has been already justified in wide wheat production for twenty
years (Table 2).

Table 2. Accomplished yield in wheat grain of different varieties of winter wheat within different
treatments(t/ha)

VARIETY (S)
TREATMENT (T)

SxProtection with
Impact C

Artificial inoculation
with Fusarium spp.

Natural
infection

Jugoslavija 9,06 6,08 7,98 7,71

Francuska 8,74 6,28 8,31 7,77

PKB-Lepoklasa 8,80 6,37 8,10 7,76

Tx 8,87 6,24 8,13 7,75
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Mass of thousand grains is an attribute that depends on sort, climatic and
edaphic factors, as well as on the level of applied farming method. Within the
analysed varieties mass of thousand grains, irrespective of treatment, moved
from 38,1 g (Francuska) up to 44,2 g (Jugoslavija). Variety PKB-Lepoklasa
kept mass of thousand grains 41,0 g. Regression analysis between the mass of
thousand grains and the degree of the percentage of infection of wheat spikes
by fungi Fusarium spp. shows a mild correlation r = 0,12.

Absolute mass of grains (mass of thousand grains) is a significant indica-
tor of external quality of grains. Increased number and mass of grains per spi-
kes does not always results in increasing yield of grains.

Number mass of grains per spikes, in the face of treatment, was utmost in
variety Francuska (35,5), something lower in variety PKB-Lepoklasa, and the
least for wheat variety Jugoslavija (32,4).

Overall fumonisins are found in wheat grains from the treatment of artifi-
cial inoculation (Table 3). The lowest concentration of fumonisins is determi-
ned with grain of variety Jugoslavija. With grain of variety Francuska utmost
concentration of fumonisins is measured, one with another 0,62 mg/kg and
most at third years of research 0,64 mg/kg, when there was a high relative hu-
midity of air folowed by high temperature. String negative correlation r = –0,11
was found in concentration of fumonisins at wheat grains and degree of infec-
tion wheat spikes. Regression analysis between mass of thousand grains and
concentration of fumonisins in wheat grains found a high negative correlation
coefficient r = –0,99. For germination ability of wheat grains and concentra-
tion of fumonisins in wheat grains, there was found the string correlation coef-
ficient r = –0,19

Table 3. Contents of Fumonisins mg/kg in wheat grain of different varieties of winter wheat
within different treatments

VARIETY TREATEMENT FUMONISINS mg/kg

Jugoslavija
Fusarium spp. 0,30

Fusarium spp. 100% 0,40

Francuska
Fusarium spp. 0,62

Fusarium spp. 100% 0,80

PKB-Lepoklasa
Fusarium spp. 0,56

Fusarium spp. 100% 0,60

By comparison average of concentration of fumonisins per varieties in
wheat grains originated from the treatment of artificial inoculation with grains
from the same treatment with 100% infection, it can be proved that in the lat-
ter case, the concentration of fumonisins per varieties is increased (Table 3).

DEBATE

Fusariosis of wheat is a disease that irregularly appears in the areas occu-
pied by this culture, and it results in reduction of crops and technological
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quality. This disease is provoked by many kinds of Fusarium types and the
most frequent are: F. graminearum, F. culmorum, F. avenaceum. The damage
is the consequence of class sickness which leads to the considerable reduction
of grain germination, bad grain quality with defected starch granulation and
stored proteins (B e c h t e l et al., 1985). Infected grain proved damages on
seeds (M a n k a, 1989).

Symptoms of mycotoxicosis is the result of the interaction of mycotoxins
with functional molecule and subcells organellas at mamalias cells. Per K i -
e s s l i n g et al. (1986) many mycotoxins affect DNK level, by disturbing
process of transcription and inhibiting relayed broadcast by synthesis of pro-
tein. During germination of wheat grains the activity from the proteinase
enzyme is accelerated, mycotoxins block protein synthesis, due to which wheat
grains infected with fungi have reduced germinating ability.

W e i n e r t and W o l f (1995) found that after infection the fungus set-
tles the infected spikelet and starts to grow downwards in the rachis. It invades
successively the spikelets mainly in basipetal direction. The vessels in the rac-
his may get obstructed or destroyed, it is not provided with water and nutriti-
ent anymore and start to wit. Yield reduction and infection of kernels are
mostly directly correlated with disorders of ripeness.

In a three-year-study during 1994—1996. G o l i n s k i et al. (1997) ob-
served 39,2—84,7% infection of wheat grains with fungi Fusarium spp. and
reduction of the mass of 1.000 grains was 80,5—92,5% in relation to control.

According to B a l a ÿ (1989) a high degree efficiency at patronage of
spike from causing fusariosis were evienced by preparates with two active
matters (Impact-C) and mixtures of two fungicides, applied in the beginning of
wheat flowering. Increasing of yield and mass of 1000 grains are at correlation
with effect with patronage wheat from disease, so that relatively increassing
yield at relation at control is about 2,1—14,5%.

Mycotoxins synthetised by fungi Fusarium spp. are stabile in production
unit process and there is a tendency to accumulate in products being mainly
used as food for people and cattle. During increased moisture, in spring and
summer, zearalenone and deoxynivalenol are dominant, and during drought —
fumonisins. Mycotoxins do not represent enough great molecul mass so that
animal and human organic structure could create related antibody.

After their disclosure, fumonisins (G e l d e r b l o m et al., 1988) turned
to be an object of many researches because of their potential adverse toxic ef-
fects to the health of humans and animals. Out of seven fumonisins identified
— A1, A2, B1, B2, B3, B4 and C1, B1 (FB1) is the most abundant and commonly
found in corn (T r u c k e s s e t a l, 1995).

Fumonisins were isolated in South Africa from culture material of F. mo-
niliforme MRC 826, which had been proved to cause leucoencephalomalacia
in horses and was hepatocarcinogenic in rats (G e l d e r b l o m et al., 1988) F.
moniliforme contaminated corn has been associated with human esophageal
cancer (M a r a s a s et al., 1988) and was implicated as a cause of pulmonary
edema in pigs (K r i e k et al., 1981).

F. moniliforme and F. proliferatum are producers of fumonisins. F. moni-
liforme is cardinal pathogen in corn at tropics and moist temperate regions and
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main abiot stocks and bonds for toxigenesis are temperature and humidity. F.
proliferatum is mostly identified as F. moniliforme J. Sheld. and there are
quite few data on its geographical distribution. It is settled in corn and causes
sickness of class, stalk and seminal. Along with F. moniliforme, it provokes
animal toxicosis. Fumonisin B1 is the most significant mycotoxin originated in
both species. Risk from metabolise fumonisins is in postharvest period, before
drying. During drying and processing conditions of cereals the level of fumo-
nisins is not reduced (B a r s et al., 1994).

During the experiment, cows were fed with addition of pure FB1 oraly
1,5—5 mg/kg per body weight/day and intravenosly with 0,05 and 0,2 mg/kg
per body weight/day, it was proved the presence of FB1 in milk stable in coo-
king and freezing (B e n e t t et al., 1996).

During 1993—1995. it was confirmed in Hungary that 70—73% of vi-
sibly mouldy samples and 30% visibly mould-free samples were contaminated
with FB1 (F a s e k a s et al., 1998). Two weaned piglets were fed with a diet con-
taining 330 mg/kg FB1 of feed.The experimental animals developed hydrotorax
and pulmonary oedema and died in 5—6 days. Kidneys are sensitive in FB1
because of shingolipid metabolism, and urine is liquor for detection of free
sphingoid base which results in influence of FB1 in kidney destruction (G e l -
d e r b l o m et al., 1988).

R i c h a r d et al. (1996) nurtured cows with FB1, FB2 and FB3 those be-
ing mixed with meal during 14 days and consummation had been 3 mg/kg per
body weight/day for FB1. To absence of detectable fumonisins in milk of cow
there were detected. Except passing diarrhoea and increased serum blood-fat,
helpmate hematological and clinical changes were not observed.

A l i et al. (1998) examined 16 corn samples collected from Indonesia for
aflatoksines, fumonisins, trihotecenes and zearalenone. Fumonisins were detec-
ted in all of the samples at a mean level of 895 mg/kg, deoxynivalenol, nivale-
nol and zearalenone in 2 samples and in 11 samples aflatoksins were detected.

In Germany 38 samples of sweet corn were tested during 1993. and 1994,
29% contained fumonisins with the highest concentration of 193 mg/kg. Du-
ring 1994/95. out of 66 samples corn product 14 samples were contaminated
with FB1 in concentration varied from 127 — 9.818 �g/kg and the rest from 6
samples — 453 �g/kg. In 1996. 17 samples were contaminated one with anot-
her 43 �g/kg (B r e s c h et al., 1998).

Corn products obtained from retail store in the Netherlands were analysed
for FB1 contamination. Out of 78 samples, 36% were contaminated with FB1.
About 45% sample corn products had FB1 over 380 �g/kg and 25% processed
foods (maize bread, maize chips, maize starch and cornflakes) were contami-
nated with FB1 at up to 1430 �g/kg (D e n i j s et al., 1998).

Forty-one samples of beer were analyzed for Fumonisins FB1 and FB2,
recoveries ranged from 0,4—1 �g/mL (S c o t t et al., 1996).
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KORELACIJA IZMEÐU KONCENTRACIJE FUMONIZINA
I PRINOSA ZRNA PŠENICE

Nada M. Protiã1 i Rade J. Protiã2
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11213 Padinska Skela, Industrijsko naseqe bb
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11000 Beograd, Teodora Drajzera 9

Rezime

Na tri sorte ozime pšenice PKB-Lepoklasa, Jugoslavija i Francuska
primewena su tri tretmana: veštaåka inokulacija izolatima Fusarium spp., za-
štita pšenice fungicidom Impact-C i praãewe spontane infekcije u razliåi-
tim fenofazama razvoja pšenice.

Fitopatološka ocena izvršena je dva puta u toku vegetacije. Uzorci kla-
sova su ispitivani na klijavost zrna i izvršena je identifikacija Fusarium
spp.

Sorta Jugoslavija imala je u proseku 85% inficiranih biqaka, Francuska
65% a PKB-Lepoklasa je u sve tri godine imala 100% infekciju gqivama Fusa-
rium spp.

Dominantna gqiva na odabranim genotipovima ozime pšenice bila je F.
graminearum, a F. moniliforme i F. proliferatum su naðene u mawem procentu.

Prisustvo gqiva izazvalo je smawenu klijavost, jer mikotoksini inhibi-
raju sintezu proteina. Razvoj gqiva na biqkama pšenice doveo je do uvenuãa zr-
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na zbog ošteãewa sprovodnog sistema a samim tim i do smawewa prinosa, koji
je statistiåki znaåajan.

Gqive iz roda Fusarium spp. izazivaju produkciju mnogih mikotoksina. Za
podruåje naše zemqe najznaåajniji mikotoksini, poreklom od gqiva Fusarium
spp., su zearalenon i deoksinivalenol, a za fumonizine, prisutne na pšenici,
u našoj zemqi nema podataka, a u svetu su ovi mikotoksini vezani uglavnom za
kukuruz.

Fumonizini su odreðeni modifikovanom HPLC fluorimetrijskom meto-
dom.

Najniÿe koncentracije fumonizina utvrðene su u zrnima sorte Jugoslavi-
ja. U zrnima sorte Francuska izmerene su najveãe koncentracije fumonizina, u
proseku 0,62 mg/kg. Niska negativna korelacija r = –0,11 utvrðena je za koncen-
tracije fumonizina u zrnima pšenice i stepen infekcije klasova pšenice
gqivama. Regresionom analizom izmeðu mase 1.000 zrna i koncentracije fumo-
nizina u zrnima pšenice utvrðen je visok negativni korelacioni koeficijent
r = –0,99. Za klijavost semena pšenice i koncentraciju fumonizina u zrnima
pšenice utvrðen je niski korelacioni koeficijent r = –0,19.
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DETERMINATION OF DEOXYNIVALENOL IN CORN

ABSTRACT: By applying previously established optimal conditions for determina-
tion of deoxynivalenol by liquid chromatography with DAD detector, its content was deter-
mined in this work in corn samples artificially inoculated with Fusarium graminearum. The
samples presented material of different genetic origin, and are frequently used as parent
components of corn hybrids in the moderate belt. The obtained values for deoxynivalenol
content were not higher than the maximum permitted level (1 �g/g), regardless of the fact
that the fungus was artificially inoculated. This is probably a consequence of the absence of
humid weather, as well as extremely high temperatures during the sampling period (year
2003).

KEY WORDS: Corn analysis, deoxynivalenol, liquid chromatography, mycotoxins,
solid-phase extraction columns

INTRODUCTION

Deoxynivalenol (DON) belongs to trichotecenes, a group of mycotoxins,
which, beside aflatoxin, zearalenone, ochratoxin and fumonisins, is most fre-
quently found in foodstuffs and feed. DON is the most widely spread myco-
toxin from the trichotecene group, produced by fungi from the genera Fusari-
um, most frequently Fusarium graminearum and Fusarium culmorum. The
presence of these fungi is pronounced in cereals, wheat and corn being espe-
cially sensitive, causing their rotting. In foreign literature, a disease of wheat
caused by this fungus is known as Fusarium head blight, while in corn it is
known as Gibberella ear rot (JECFA, 2001). Infection of these cereals has for
a consequence a decrease in grain size and the amount of protein in the grain,
as well as a harmful effect on germination. The end result is a decrease in
yield and feed quality.
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Regardless of the fact that DON belongs to the group of the least toxic
trichotecenes, knowledge of its content is of great importance for food quality
control, because of its exceptional prevalence and its use as a kind of an indi-
cator of possible presence of other, significantly more toxic trichotecenes
( L o m b a e r t, 2002). 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 animal species to the presence of deoxynivalenol is
the pig, hence already at concentrations of 1 mg/kg in feed a certain percenta-
ge of these animals refuse food. That is exactly why this deoxynivalenol amo-
unt is the maximum permitted in feed intended for this animal species in most
countries worldwide. Maximum permitted level of deoxynivalenol in feed for
milch cows is also 1 mg/kg, while the level considered to be permitted for cat-
tle and sheep is 5 mg/kg, although these species can tolerate levels above 10
mg/kg. The limiting level of deoxynivalenol in feed for horses is 1 mg/kg, alt-
hough there are no thorough data about its effect on this species, except that
the animals become depressed and excrete a larger amount of saliva. 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, haven't yet
been legally regulated in our country, neither in foodstuffs nor in feed.

Most frequently used for quantitative determination of DON are chroma-
tographic methods, i.e. liquid chromatography (LC) with and without derivati-
zation of DON, as well as gas chromatography with almost compulsory deri-
vatization, 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 determination (except immu-
nochemical) require clean-up of crude sample extract by solid phase extraction
(SPE). To that purpose, columns with different sorbents 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 different 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 fre-
quently 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 immu-
noaffinity columns filled with antibodies specific for an individual mycotoxin
( C a h i l l et al., 1999).

The aim of this work is to determine DON content in corn samples used
for artificial inoculation of Fusarium graminearum by applying previously
established optimal conditions for DON determination by liquid chromato-
graphy with DAD detector (A b r a m o v i ã et al., 2005). Samples represented
material of different genetic origin, and are frequently used as parent compo-
nents of corn hybrids in the moderate belt.
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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 144.0 �g/cm3 from
crystalline substance according to AOAC method 986.17. Stock solution con-
taining DON at 14.4 �g/cm3 was prepared by measuring 1.00 cm3 calibrant so-
lution 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. Three types of corn samples, presenting material
of different genetic origin, frequently used as parent components of corn
hybrids in the moderate belt, were obtained from the Department for Maize of
the Institute of Field and Vegetable Crops Novi Sad. These samples were
used, ten days after fertilization, to artificially inoculate fungus Fusarium gra-
minearum, known to be one of the most frequent deoxynivalenol producers.
Immediately after sampling, each of the samples was prepared by grinding in a
laboratory mill. After that, the sample was homogenized by mixing. Sample
prepared in such a way were packed in plastic bags and stored in a freezer at
–20°C until analysis. Prior 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 mm, Agilent Technologies, USA).

For thin-layer chromatography plate preparation, silica gel 60 H was used
(Merck, Darmstadt), as well as commercially available plates Alugram Sil
G/UV254 (Macherey-Nagel, Düren, Germany).

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
prewashed with 10 cm3 of methanol cation exchange resin (0.3—0.9 mm, Ke-
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mika, Zagreb) were added and lightly compacted above activated charcoal-alu-
mina-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 �m 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 corn with acetonitrile (ACN)-water.
After filtration, the crude extract was cleaned-up on CACC column. Clea-
ned-up extract was evaporated just to dryness, residue redissolved in methanol
in case of analysis by reversed-phase LC with DAD detection or in a mixture
chloroform-ACN when analyzed by TLC.

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, 3.0 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/
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 just to dryness.

Liquid chromatography. The purified, evaporated residue was redissolved
in 300 �l methanol, and a 15 �l 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), � = 220 nm, flowrate 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 working standard
solutions.

Thin-layer chromatography. Evaporated residue was redissolved in 100 �l
of the mixture chloroform-ACN (4:1, v/v). 25 and 50 �l of corn extract were
applied to the plate using a micropipette, along with 5, 10, 15, 20 and 25 �l of
diluted standard DON solution. Chromatographic plates were developed by a
mixture of solvents chloroform-acetone-isopropanol (8:1:1, v/v/v). After deve-
loping, the plates were left to air-dry for at least 10 minutes, subsequently
sprayed with a 20% solution of AlCl3 and dried in a drying oven for 7 minutes
at 120°C. After cooling, blue fluorescent spots, resulting from DON presence,
appear on the plates in the presence of UV light. Quantitative determination
was based on comparison of fluorescence intensity of sample spots with stan-
dard solution spots. Fluorescence intensity of individual spots was determined
after photographing chromatographic plates by a digital camera, using Scion
Image program.
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RESULTS AND DISSCUSION

Samples of three types of corn, material of different genetic origin,
frequently used as parent components of corn hybrids in the moderate belt,
were analyzed. Fungus Fusarium graminearum, known to be one of the most
frequent producers of deoxynivalenol, was artificially inoculated by these sam-
ples ten days after fertilization. A chromatogram for one of the analyzed corn
samples is presented in Fig. 1, while the results of deoxynivalenol determina-
tion in these corn samples are presented in Table 1.

Table 1. DON content in corn samples used for artificial inoculation of Fusarium graminearum

Description of lines Sowing
number

DON (�g/g)

LC TLC

Lines derived from a synthetic population
Iowa Corn Borer Synthetic (BSCB1)

31 ND ND

56 0.57 0.54

Lines of BSSS type
(Iowa Stiff Stalk Synthetic)

86 0.33 0.20

93 0.36 0.20

157 0.08 ND

Lines derived from Lancaster
based material

137 ND ND

193 ND ND

203 0.08 ND

209 0.51 0.41

LC — liquid chromatography; TLC — thin-layer chromatography; ND — not detected
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Fig. 1. Chromatogram of a corn sample used for artificial inoculation of Fusarium graminearum



As can be seen, in none of the corn samples did DON content surpass the
value of 1 �g/g, which is the maximum permitted level for DON legislated in
most countries, while in 3 samples the content was below the detection limit
of liquid chromatography (0.06 �g/g DON). Besides that, no significant diffe-
rence is observed in tolerance to fungus Fusarium graminearum, as at least
one sample appears in each parent line in which the presence of DON is de-
tected. By comparing the results acquired by use of liquid chromatography and
thin-layer chromatography, it can be stated that somewhat higher results are
obtained when liquid chromatography is used. Such low concentrations of
DON in these samples, however, are not surprising, having in mind that all
analyzed corn samples belong to the 2003 crop. This year was exceptionally
unfavorable for fungus development, i.e. mycotoxin development, because of a
long-lasting drought period. Consequently, even in these samples by which
fungus Fusarium graminearum, proven to produce deoxynivalenol, was arti-
ficially inoculated, no significant production of this mycotoxin occurred. The
absence of humid weather as well as extremely high temperatures, which oc-
curred during the entire plant growth period, caused a poorer development of
the inoculated fungus, having as a logical consequence lower DON content
than expected. This research presented only a part of long-lasting and detailed
investigations undertaken at Department for Maize of the Institute of Field and
Vegetable Crops Novi Sad, with a purpose to generate a hybrid of the best
quality possible, resistant to fungi and different climatic conditions.
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Rezime

Deoksinivalenol, koji je po svojoj hemijskoj strukturi 12,13-epoksi-3�,
7�,15-trihidroksitrihotec-9-en-8-on, je mikotoksin koji pripada grupi triho-
tecena. Veãina plesni koje ga produkuju pripadaju rodu Fusarium, konkretno Fu-
sarium graminearum i Fusarium culmorum. Bez obzira na åiwenicu da deoksini-
valenol pripada grupi najmawe toksiånih trihotecena, zbog wegove izuzetno
velike rasprostrawenosti u usevima širom sveta, kao i zbog åiwenice da je on
neka vrsta indikatora za moguãe prisustvo drugih, znatno toksiånijih trihote-
cena, poznavawe sadrÿaja ovog toksina je od velike vaÿnosti za bezbednost hra-
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ne. Najveãa osetqivost na prisustvo deoksinivalenola u hrani je izraÿena kod
sviwa, a wegova akutna toksiånost na ÿivotiwama manifestuje se odbijawem
hrane, povraãawem, dijarejom i konaåno gubitkom teÿine.

Primewujuãi prethodno utvrðene optimalne uslove za odreðivawe deoksi-
nivalenola teånom hromatografijom sa DAD detektorom, u ovom radu je odreðen
wegov sadrÿaj u uzorcima kukuruza kojima je veštaåki inokulisana Fusarium
graminearum. Uzorci su predstavqali materijal razliåite genetske osnove koji
se koristi za sintezu hibrida kukuruza umerenog pojasa. Dobijene vrednosti sa-
drÿaja deoksinivalenola nisu bile više od maksimalno dozvoqenih vrednosti
bez obzira na åiwenicu da je plesan bila veštaåki inokulisana. Ovo je vero-
vatno posledica odsustva vlaÿnog vremena i izuzetno visokih temperatura u
periodu kada su uzorci uzimani (2003. godina).
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PREVENTION AND CONTROL OF MYCOTOXICOSES
USING MODIFIED CLINOPTILOLITE

INTRODUCTION

Fungi may develop in stored grains following field inoculation. During
the process of host colonization fungi utilize plant nutrients, and may also pro-
duce toxins that are harmful for humans and animals (V i e r a, 2003). Fluctua-
tions in animal performance are relatively common, and sudden losses in feed
conversion, as well as in other performances, are in general attributed to
mycotoxin contaminated feeds.

It is assumed that at least 25% of grains are contaminated with known
mycotoxins and probably more with still unidentified toxins (L e i b e t s e d e r,
1989). Regarding those facts, presence of mycotoxins in animal feed repre-
sents a great problem for animal production in our country. During 1999—
2000 presence of zearalenone, ochratoxin A, aflatoxin B1 and T-2 toxin was
faund out in 72.3—74.5, 41.2—63.6, 20.1—21.65 and 29.7—45.1% of scruti-
nized feed samples (B o å a r o v - S t a n å i ã et al., 2000). Moreover, labora-
tory data demonstrate that over 70% of feed samples are contaminated with
two or more mycotoxins in amounts above maximal tolerable levels (Š e f e r
et al., 1994; M a š i ã et al., 2002).

Based on a risk assessment, the prevention and control of mould develop-
ment and mycotoxin in the food chain can be undertaken at consecutive levels.
Basically, the best way to minimize the risk for a mycotoxin to come into
food chain would be to prevent its formation in crop production and or during
storage of feedstuffs. The use of contaminated feeds requires either the dilu-
tion with non-contaminated grains to an acceptable level or uses some of
known methods to alleviate detrimental effects of mycotoxins, but financial,
nutritional and toxicological considerations will temper this decision (D a -
n i c k e, 2002).
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PREVENTION AND CONTROL OF MYCOTOXINS

From a practical standpoint, the best means of restricting mycotoxin con-
tamination is by prevention, in particular, by excluding or reducing toxigenic
mould growth in the raw and processed material. When mycotoxin contamina-
ted material is suspected or identified, it may be salvaged by the removal of
contaminated material by mechanical separation techniques, by chemical ex-
traction or by decontamination/detoxification of the material by physical, che-
mical or biological techniques (S m i t h and M o s s, 1985).

Prevention. Mycotoxins can be produced by toxigenic moulds growing
on (1) living plants, (2) decaying plant material and (3) stored products. Thus,
mycotoxin prevention is based on making unfavourable conditions for moulds
growing (S i n o v e c et al., 2000).

Pre-harvest treatment is based on methods of cultivating to improve plant
vigor, the judicious use of insecticides and fungicides to reduce insect and fun-
gal infestation, irrigation to avoid drought condition and, more recently, gene-
tically methods to develop commercially acceptable varieties of crops that will
be more resistant to toxigenic moulds or will inhibit toxin production.

Post-harvest treatment is mainly based on physical and chemical methods
(F r i s v a d and S a m s o n, 1991). Physical methods, in order to prevent or
to delay mould spoilage of feeds, include heating, pasteurization and steriliza-
tion, cooling, vacuum packing, canning, drying and irradiation. Chemical met-
hods are based on using preservatives (substances which inhibit or kill micro-
organisms in feeds) and, in practice, organic acids (propionic, sorbic, formic,
etc.) are the most common group of chemical used.

Elimination. Once a product is contaminated with mycotoxins there are
only two options if it is to be used for animal nutrition: (1) the toxin can be
removed and (2) the toxin can be degraded into less toxic or non-toxic compo-
unds (S m i t h and M o s s, 1985).

Physical separation is connected with taking apart loose-shelled kernels,
shriveled kernels and discolored or off-colored kernels. Such kernels can be
separated either by hand or by color sorters.

Chemical separation includes numerous processes that have been develo-
ped to remove toxin from contaminated materials by various extraction techni-
ques. Several procedures can be used to remove toxin and include extraction
of toxin with appropriate solvents, simultaneous solvent extraction of oil and
toxin and selective extraction of toxins from oil.

Degradation or detoxification are the methods of choice when mycotoxin
contaminated material is suspected or identified. Making toxin less toxic or
non-toxic (degradation) or extracting from contaminated materials (detoxifi-
cation) seems to be the most promising way in a combat with mycotoxins.
Many physical, chemical and biological methods have been investigated to eli-
minate (degrade or detoxify) in situ mycotoxin in raw material.

Physical methods include mainly heating and irradiation, but the adverse
effects of heat treatment on the appearance and nutritive value of the products
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makes the practical application of these methods highly doubtful. Better results
could be achieved by combination of heating and increasing moisture content
(e. g. hydro-thermic treatment).

Chemical methods include a wide range of chemicals that have been te-
sted as reagents for the destruction of toxins such as acids, alkalis, aldehydes,
oxidizing agents and several gases. Although technical treatments of contami-
nated feedstuffs have been proven to successfully degrade several mycotoxins,
most of the procedures are expensive or were only labtested. Besides, limitati-
ons associated with decontamination process (changing nutritive value) and in-
sufficient degradation makes this process untenable.

Biological methods are based on the natural ability of some microorga-
nisms (bacteria, yeasts) to degrade most molecules of mycotoxins. Some inve-
stigations clearly show that where marked reduction in toxin presence in feed-
stuffs after inoculation of some microorganisms (P a s t e i n e r, 1998). Whe-
ther this is due to inhibition of production or breakdown of the toxin has not
yet been determinated. The possibility of producing mycotoxin-degrading en-
zymes would have considerable commercial interest and application.

Nutritive approach. As the ingestion of contaminated feed is the main
way of input mycotoxins in to animal body, a nutritional approach is the logi-
cal way to reduce impact of mycotoxins. Nutritive treatment is based primarily
on raising quality of feed (increasing nutrients) in order to avoid or alleviate
negative effects after mycotoxin ingestion (P i v a and G a l v a n o, 1999).

Due to protein synthesis inhibition as prime mode of action, increasing
the protein content by 1—2% in the ratio could prevent mycotoxin effects.
Besides, adding methionine (glutathione detoxification), phenylalanine (ochra-
toxin A) or neutral amino acids (competition with triptophane) is recommen-
ded in some cases. Increasing antioxidating nutrients (selenium, vitamin E, A,
C) is the approach to reduce cell wall altering by action of free radicals.

However, most of these procedures are expensive, but more elegant and
inexpensive solution would be a feed additive, which would detoxify the con-
taminated feeds in situ, i. e. during passage through the digestive tract. For this
purpose, several adsorbents are used in practice.

Adsorbents are the substances, which are not absorbed from intestines,
and they have the ability to physically bind some chemical structures decrea-
sing their absorption. Many adsorbents were tested for binding capacity, and
the degree of adsorption depends on the chemical structure of the mycotoxin
in relation to the surface properties, and geometry of the adsorbent, as well as
their polarity.

Several commercially available adsorbents claimed to bind mycotoxins
were tested for adsorption of some mycotoxins. Most studies have used alumi-
nosilicates such as hydrated sodium calcium aluminosilicates and zeolites, or
even natural clays containing them. Similarly, the same effects could be achie-
ved by addition of cell wall mannanoligosaccharide obtained from S. cerevi-
saea (D e v e g o w d a et al., 1998).
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ZEOLITES

Zeolites are natural hydrated aluminosilicates with unlimited three-dimen-
sional crystalline structure with large surface and negative polarity. Utilization
of natural zeolites depends more or less upon their physical and chemical cha-
racteristics, like cation exchange, adsorption, hidratation/dehidratation, size and
shape of mineral granules, porosity and hardness. Specific adsorption (chemi-
sorptions), as well as other physical and chemical properties of zeolites (gas
and fumes adsorption, hydratation, ion exchange, catalytic ability, etc.) is
basically determined by crystal structure with pores system, acting as a sieve
of molecular range. Natural zeolites, unlike other aluminosilicates, exhibit high
adsorption ability even when low concentration of adsorbing material is pre-
sent. According to the research data, zeolites can adsorb and inactivate about
35% of ochratoxin (D u m i ã et al., 1998).

The modified mineral adsorbents acquire wider role in human and vete-
rinary medicine (R o d r i g u e s et al., 1997). Changeable cations in zeolite
minerals are bound by weak forces into tethraedric structure, with the po-
ssibility to be relatively easy removed or replaced by other cations from the
solution. Changeable cations are positioned into zeolite canals of clinoptilolite,
thus by ion exchange minerals with new characteristics could be produced,
without disturbing original clinoptilolite structure (T o m a š e v i ã - Å a n o -
v i ã et al., 1997, 1998). Mineral adsorbent based upon clinoptilolite structure,
with NH4

+ changeable cation was created by technological manufacture of na-
tural zeolites. Roentgen diffraction of natural (Ca-dominant) and modified
(NH4

+ — dominant) clinoptilolite were identical, while results of thermal
analysis were different because the part NH4

+ — ions were liberated upon hea-
ting.

In vitro trial. Two studies were conducted under in vitro conditions,
particularly the feasibility of utilizing a clinoptilolite, aimed at alleviating
and/or preventing harmful effects of AFB1 and OTA. For experimental purpo-
ses MC was obtained by technological processing of natural zeolites, bearing a
dominant Ca ion in exchangeable position. In order to contain a reversible
NH4

+ cation mineral adsorbent was grinding on particles under 63 �, mixing
with 10% solution of 1M NH4Cl and keeping at 20°C during 3 subsequent
days.

First study of MC binding capacity for AFB1 was done in electrolyte ma-
de by the addition of 0.1M HCl/dm3 and 0.05M NaCl/dm3 in water solution,
as well as 0.1M NaOH for achieving 2 or 7 pH of solution (R e s a n o v i ã,
2000). The 99% pure crystallyne AFB1 (Sigma, 1162-62-8) was diluted in
methanol in concentration of 0.1 mg AFB1/mL and after that water was
adjoined up to 100 mL. Experimental solutions were carried at 37°C and gen-
tle shaking after modified clinoptilolite addition in the amount of 10 mg/cm3.
Index of absorption was calculated relative to the determined amount of pure
AFB1 in solution, followed the adding modified clinoptilolite after 5 and 30
min, as well as after 6, 24 and 48 hours.

On both pH values adsorbtion of AFB1 by MC began with fast reaction
and almost all AFB1 were adsorbed in a few first minutes of contact. Later,
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between 1—48 h, adsorbtion is slower and significantly less amounts of AFB1
were binding to active center of mineral adsorbent, which is in agreement with
other findings (P h i l i p s et al., 1995). An obtained result clearly shows that
saturation of all MC binding center were not achieved by used AFB1 concen-
tration. AFB1 adsorption index upon modified clinoptilolite was satisfying,
ranging between 90 and 95% on both pH values (2 and 7) in the concentration
range of 50—300 �g/g.

Second study of MC binding capacity for ochratoxin A was done in
electrolyte made by the addition of 0.1 M HCl/dm3 and 0.05M NaCl/dm3 in
water solution as well as 0.1 M NaOH for achieving 3.8 pH of solution (Z u -
r o v a c - K u z m a n, 2002). The 99% pure crystalline OTA (Sigma, O-1877)
was diluted in methanol in the concentration of 0.2 mg OTA/mL and after that
water was adjoined up to 100 mL. Experimental solutions were carried at
37°C and gentle shaking after addition modified clinoptilolite in the amount of
10 mg/cm3. Index of absorption was calculated relative to the determined amo-
unt of pure OTA in solution followed the adding modified clinoptilolite after
120 min.

MC exhibits high adsorption ability even when low concentration of ad-
sorbing material is present. According to the research data, zeolites can adsorb
and inactivate about 35% of ochratoxin (D u m i c et al., 1998).

The achieved results show that MC could very efficiently remove AFB1
or OTA from the water solution. The obtained data are comparable with simi-
lar results done by P h i l l i p s et al. (1995), K u b e n a et al. (1990, 1993)
and H a r v e y at al. (1993) that there was reached high level mycotoxin ad-
sorption by different adsorbents (zeolites, silicates, phylosilicates) on different
pH values, as well as different temperature. It has to be pointed that it is not
possible to totally compare achieved results with other findings (P h i l l i p s
et al., 1995), because accurate physical and chemical characteristics of used
adsorbents were not cited.

In vivo trials. Many adsorbents in in vitro conditions show the ability to
bind and adsorb different mycotoxins, but there are only a few references de-
scribing in vivo results. Thus, after preliminary study, further investigations
were performed in an in vivo trial.

The aim of the first study was to examine the protective effects of modi-
fied clinoptilolite (MC) on the adverse effects of aflatoxin B1 (AFB1) on
poultry (R e s a n o v i ã et al., 2001). The three-week long trial was performed
on 21-day-old Hybro broilers divided into three groups. The control, as well as
experimental groups was fed with mashes without AFB1, while 0.5% MC was
added to the feed for the second experimental group. The AFB1 was admini-
strated per os to both experimental groups in dose of 0.1 mg/kg BW daily. At
the end of the trial all broilers were sacrificed and samples of livers were ta-
ken for pathohistological examination, as well as for determination of AFB1
residues using TLC.

The liver of the treated broilers was enlarged, dark yellow colored and
tender in consistence. In some cases punctiformes and maculoses extravasation
could be seen. Varied amounts of fatty droplets could be detected in hepato-
cytes. Progressive fatty vacuolization, i. e. a different degree of fatty meta-
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morphosis were spread centrolobularly or panlobularly. In altered areas focuses
of extensive necrosis could be seen. Hyperplasia of the intrahepatic bile ducts
was also prominent. Residues of AFB1 were detected in all liver samples.

In the liver samples of the control group, as well as the group offered
feed with added MC, no histopathological alteration or presence of AFB1 resi-
dues was detected. The obtained results suggest that modified clinoptilolite re-
present a strong binding agent for AFB1 and could prevent the adverse effects
of AFB1.

The aim of the second study was to examine the protective effects of MC
on the adverse effects of OTA in poultry (N e d e l j k o v i ã - T r a i l o v i ã et
al., 2001). The 42-day long trial was performed on 36 day-old Hybro broilers
divided into three groups. After a 14-day long preexperimental period, the
experimental groups were offered feed contaminated with OTA in the amount
of 1.0 mg/kg, while 0.5% MC was added to the feed for the second experi-
mental group. At the end of the trial all broilers were sacrificed and samples
of kidneys were taken for pathohistological examination, as well as for deter-
mination of OTA residues using TLC.

Proximal tubules were predominantly affected, while glomerules were
chiefly preserved. Cytoplasm of tubulocytes was microgranulated and the nuc-
lei were masked. Vacuolization was noticed in a certain number of altered
cells. Foci of acute tubular necrosis were noticed in a few tubules. In some ca-
ses weak hemorrhage could be seen in affected areas. Residues of OTA in the
amount of 3.23±0.80 ppm were detected in all kidney samples.

In the kidney samples of the group offered contaminated feed with added
MC morphological alterations were expressed in the form of intracellular ede-
ma. Epithelial cells of proximal tubules were enlarged with opaque cytoplasm,
which caused tubule lumen stenosis. Apoptotic body could be noticed between
some tubulocytes. Residues of OTA in the amount of 1.43±0.39 ppm were de-
tected in all kidney samples.

CONCLUSIONS

During the process of host colonization fungi utilize plant nutrients, and
also may produce toxins that are harmful for humans and animals. The extent
of mould growth determines the degree of depletion in the nutrient content of
the feedstuff. Mould mainly uses its host as a source of energy, and besides
carbohydrates, fat utilization during mould development may be extensive. Re-
duction in performance of animals is usually credited only to mycotoxin ef-
fects, but it would be more accurate to accept an interaction between the re-
duction in nutrient content and the mycotoxin effects, especially when low le-
vels of mycotoxin are present.

Based on a risk assessment, the prevention and control of mould develop-
ment and mycotoxin in the food chain can be undertaken at consecutive levels.
The use of contaminated feeds requires either the dilution with non-contamina-
ted grains to an acceptable level or uses some of known methods to alleviate
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detrimental effects of mycotoxins, but financial, nutritional and toxicological
considerations will temper these decisions.

A new approach to mycotoxin control is the use of selective chemisor-
bents which added to feed are capable of forming irreversible complexes with
mycotoxin molecules in the intestinal lumen. Such complexes are not digesti-
ble, pass down the digestive tract and are excreted in the feces. The net effect
is to reduce the dose of adsorbed toxin to the point that it is below biological
threshold. This allows contaminated feed to be fed with minimal losses in per-
formance. The presented data clearly indicated that using modified clinoptiloli-
te as adsorbent might reduce the negative impact of mycotoxins. Adsorptive
capacity of modified clinoptilolite, obtained by technological processing of na-
tural zeolites, was significantly increased by changing molecular arrangement
and polarity.
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PREVENCIJA I KONTROLA MIKOTOKSIKOZA KORIŠÃEWEM
MODIFIKOVANOG KLINOPTILOLITA

Zlatan J. Sinovec, Radmila D. Resanoviã

Rezime

Mikotoksini predstavqaju stalnu opasnost u uzgoju ÿivotiwa jer su pri-
sutni u hranivima i negativno utiåu na zdravstveno stawe i proizvodne rezul-
tate åak i u malim koliåinama. Poremeãaji proizvodnih rezultata ÿivotiwa su
vrlo åesti, a slabija konverzija hrane, kao i slabiji parametri proizvodwe, ge-
neralno se vezuju za korišãewe hrane kontaminirane mikotoksinima.

S obzirom da je glavni put unošewa mikotoksina ingestija kontaminira-
ne hrane, optimalno rešewe je prevencija kontaminacije spreåavawem ili re-
dukcijom rasta toksin-produkujuãih plesni na hranivima. Sa druge strane, u
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sluåajevima kada se posumwa ili identifikuje prisustvo mikotoksina u hrani-
vima i/ili hrani eliminacija se moÿe izvršiti mehaniåkom separacijom, he-
mijskom ekstrakcijom i dekontaminacijom ili detoksifikacijom korišãewem
fiziåke, hemijske ili biološke metode.

Efikasni metodi za dekontaminaciju hrane veoma su skupi i nepraktiåni,
posebno ako se radi o velikoj koliåini hrane. Zato moguãnost izbora predsta-
vqa korišãewe adsorbenata u ciqu ublaÿavawa negativnih efekata mikotoksi-
na na proizvodne rezultate ÿivotiwa. Adsorbenti imaju moguãnost da veÿu mi-
kotoksine tokom pasaÿe hrane kroz digestivni trakt, odnosno da smawe resorp-
ciju mikotoksina prisutnih u hrani.

Istraÿivawa izvedena posledwih godina, kao i rezultati sopstvene labo-
ratorije, ukazuju da je stepen kontaminacije hrane veoma visok sa tendencijom
rasta, što ukazuje na åiwenicu da ãe mikotoksini još dugo biti jedan od pri-
marnih problema u ishrani ÿivotiwa. Dosadašwa iskustva, eksperimentalna i
praktiåna, ukazuju da korišãewe adsorbenata moÿe da ublaÿi i/ili prevenira
negativne efekte mikotoksina. Adsorpcioni kapacitet modifikovanog klinop-
tilolita, dobijenog tehnološkom preradom zeolita, znaåajno raste modifika-
cijom molekulske strukture i polarnosti.
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CAPACITY OF FUSARIUM SPECIES ISOLATED FROM
BREWER'S BARLEY TO SYNTHESISE ZEARALENONE

ABSTRACT: Fungi of the genus Fusarium, known as toxigenic species, are very of-
ten parasites and contaminants of brewer's barley. In this paper, the composition of the ge-
nus Fusarium species in brewer's barley samples and their potential in the zearalenone
synthesis were investigated.

The tests were done on different brewer's barley varieties, crop 2003, samples
(SSK1, SSK2, SSK3, SSK4, SSK5, SSK6, SSK7, SSK8, SSK9, SSK10 and SSK12) from
Kragujevac locality. The isolation and identification of the Fusarium species were done ac-
cording to the methods described by N e l s o n et al. (1983). The identified Fusarium spe-
cies (6) were tested for their capacity to synthesise zearalenone. The isolates were cultiva-
ted on sterilised barley grains at the temperature of 25°C for 14 days, and then the zearale-
none concentration was determined by the fluorometric method on the fluorometer “VI-
CAM" series 4.

The following seven Fusarium species were isolated from barley samples: F. acumi-
natum, F. avenaceum, F. culmorum, F. equiseti, F. poae, F. sporotrichioides and F. tricin-
ctum. F. poae was the most distributed species (10.26%). The zearalenone concentration
within the range of 12.0 to 430.0 �g � kg—1 was determined in cultures of barley grain ino-
culated with F. avenacuem (SSK6 and SSK12), F. culmorum (SSK8), F. tricinctum (SSK1),
F. sporotrichioides (SSK7 and SSK12) and F. poae (SSK5, SSK9 and SSK10). Isolates of
F. equiseti (SSK2) and F. poae (SSK6) did not express capacity to synthesise this toxic me-
tabolite.

KEY WORDS: barley, Fusarium species, zearalenone

INTRODUCTION

Barley grains similar to other cereal grains are a good substrate for the
development of numerous microorganisms, especially fungi (Š k r i n j a r, 2001;
K o c i ã - T a n a c k o v and Š k r i n j a r, 2004). The process of contamina-
tion and fungi development actually starts in the field (S c h o l l e n b e r g e r
et al., 2005), during harvest, transport and storage or is activated in the certain
stages of the grain technological processing. Fungi of the genus Fusarium, a
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common contaminant of cereal grains (D u r a k o v i ã and D u r a k o v i ã,
2003), can cause the loss of colour, change of flavour or essence, loss in the
nutritive value, quality of milling, cooking and roasting, contamination with
mycotoxins, etc. (Š a r i ã i sar., 1980; B o å a r o v - S t a n å i ã, 2001). Infec-
tion with Fusarium species is very critical for barley that is malted and which
malt is used in brewing beer.

Species of the genus Fusarium can deteriorate brewer's barley quality in
several ways:

— they decrease the average size, weight and nutritive value of the grain
(S a l a s et al., 1999; V a n n e and H a i k a r a, 2001);

— they inhibit barley grain germination during the process of malting,
decrease the �-amylase activity and cause beer gushing (N o o t s et al., 1998;
K l e e m o l a et al., 2001; S c h w a r z et al., 2001);

— they synthesise alkaline proteases that hydrolyse brewer's barley pro-
teins (P e k k a r i n e n et al., 2003);

— they produce mycotoxins (zearalenone, DON, DAS, fumonisine, mo-
niliformin, etc.) (S c h o l l e n b e r g e r et al., 2005) that are thermostable and
are not destroyed during the malting process, wort production, beer pasteurisa-
tion and therefore can be transmitted to beer (S c o t t, 1996).

Due to all above mentioned and especially due to their capacity to produ-
ce mycotoxins that are harmful to human health, the objective of the present
study was to analyse both, the composition of the genus Fusarium species in
brewer's barley samples that is used as a raw material in the beer production
and the potential of isolated species to synthesise zearalenone.

MATERIAL AND METHODS

Samples of brewing barley. Two-rowed winter barley samples, crop
2003, were collected in storage rooms at Kragujevac locality. A total of 3 kg
each was sampled from the following 11 different varieties of brewer's barley:
SSK1, SSK2, SSK3, SSK4, SSK5, SSK6, SSK7, SSK8, SSK9, SSK10 and
SSK12.

Isolation and identification of fungi. A total of 100 barley kernels was
taken from each sample and treated by shaking with 100 ml of 4% NaOCl so-
lution for 2 minutes. Then, the sample was rinsed twice with 100 ml of sterile
distilled water. Filter papers soaked with 10 ml of sterile distilled water were
placed in four 130 mm Petri dishes. Twenty five barley kernels were placed in
each of four Petri dishes. The incubation of cultivated samples was proceeded
at the temperature of 25°C during the 14-day period. An additional wetting of
the filter paper with 7 ml of sterile distilled water was done on the 7th day. In
order to obtain a pure culture and identification fungi, on the basis of the mac-
ro-morphological properties of colonies, fungi were re-cultivated to the Sabou-
raud maltose agar (SMA) or to the Capek medium. According to macro-morp-
hological properties, all colonies, which were assumed to be representatives of
the genus Aspergillus or Penicillium, were transferred to the Capek medium,
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while all other colonies remained on the Sabouraud maltose agar (SMA). Cul-
tivated Petri dishes were incubated at 25°C for 7 days. Subsequent to the incu-
bation, isolates, determined to belong to the genus Fusarium, were used for
producing monosporous cultures on the potato dextrose agar (PDA) and 2%
carnation leaf agar (CLA) according the procedure described by N e l s o n et
al. (1983). In order to stimulate the formation of conidiogenic structures, culti-
vated media were incubated in the 12 h UV light/dark cyclic regime. Mono-
sporous cultures were incubated under stated conditions at the temperature of
25°C for 10 to 14 days.

The determination of isolated pure fungal cultures was done in accordan-
ce with taxonomic properties described by E l l i s (1971, 1976), N e l s o n et
al. (1983) and S a m s o n and v a n R e e n e n - H o e k s t r a (1988).

In vitro zearalenone production. Six species of the genus Fusarium were
investigated for their potential in zearalenone synthesis. Zearalenone-free bar-
ley sample were used for this investigation. Eleven sub-samples of 20 g, taken
from the primary sample, were coarsely milled and autoclaved at 121°C for 30
minutes. Afterwards they were inoculated with a suspension of Fusarium spp.
Number Fusarium spp. spores was determined according to the dilution met-
hod. The inoculum was incubated at 25°C for 14 days, with the periodic addi-
tion of sterile distilled water and daily shaking of the sample.

Zearalenone analysis. The zearalenone isolation was done in barley sam-
ples naturally contaminated with species of the genus Fusarium and in barley
samples that had been inoculated with cultures of Fusarium spp. The zearale-
none extraction from the barley samples was done by mixing 20 g of milled
sample with 2 g 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 was mixed with 40 mL
of washing buffer (PBS/0.1% Tween-20, VICAM). The homogenised mixture
was filtrated through the 1.0 �g microfibre filter. The obtained filtrate (10 mL)
was passed through a Zearalenone Test immunoaffinity column (1—2 drops/
second). 10 mL of washing buffer and 10 mL of distilled water (1—2 drops/
second) were passed through the column. Zearalenone was rinsed out from the
column with 1.0 mL of methanol (HPLC purity) into the glass test tube by
speed of approximately 1 drop/second. Then, 1 mL of the Zearala Test develo-
per (VICAM) was added to the tube and the content was well homogenised.
The test tube was placed into the graduated fluorometer (VICAM series 4), in
which the zearalenone concentration was read in PPB (VICAM, 1997).

RESULTS AND DISCUSSION

Isolated fungal species. Fourteen different fungal species were isolated
from two-rowed winter barley samples. On the basis of their taxonomic pro-
perties these species were classified into the following genera: Alternaria, Cla-
dosporium, Fusarium, Mycelia sterilia, Rhizopus, Scopulariopsis and Ulocladi-
um (Figure 1).
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Out of totally isolated mycopopulations, the highest distribution (70%) in
all samples was determined for the species of the genus Alternaria (Fig. 1): A.
alternata (54%), A. brassicicola (14%) and A. tenuissima (2%). A. brassicicola
was distributed with 19% within the genus Alternaria.

The genus Fusarium in the studied barley samples ranked second by its
distribution (19%), but it was represented by a greater number of different spe-
cies (7) than the genus Alternaria. The species F. acuminatum, F. avenaceum,
F. culmorum, F. equiseti, F. poae, F. sporotrichioides and F. tricinctum were
isolated from the genus Fusarium. F. poae dominated in all barley samples
(Figure 2).
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Figure 1. Distribution (%) of certain fungal genera in two-rowed winter barley samples

Figure 2. Distribution (%) of certain species of the genus Fusarium in
two-rowed winter barley samples



One species each was isolated from genera Cladosporium, Rhizopus, Sco-
pulariopsis and Ulocladium as follows: C. herbarum, R. stolonifer, S. fusca
and U. charatum.

The obtained data on the distribution of genera Alternaria and Fusarium
are in accordance with the literature data obtained by international and national
researchers. Mycological studies on 260 samples of wheat, barley and oat
showed similar results in relation to the frequencies of these two genera in
Norway (K o s i a k et al., 2004). A high distribution of F. poae (approxima-
tely 20%) was determined in barley grain in the U.S.A. (S a l a s et al., 1999)
and Czech Republic (H y s e k et al., 2000), as well as, in oat grain in Canada
(T e k a u z, 2002). The dominance of Alternaria spp. (up to 72%) and Fusari-
um spp., especially F. poae (53%), in barley, i.e. wheat grain, was determined
by B o å a r o v - S t a n å i ã et al. (2001), i.e. B a l a ÿ et al. (2003) and D o -
p u ð a and L e v i ã (2004), respectively.

Zearalenone content. The determined zearalenone content in barley grain
samples naturally contaminated with species of the genus Fusarium ranged
from 5.2 to 52.0 �g � kg—1 (Table 1). These levels were higher than the ma-
ximum tolerable levels for zearalenone in cereals according to the Regulations
on critical amounts of pesticides, metal, metalloids and other toxic substances,
homotherapeutics, antibiotics and other substances included into food commo-
dities (Official Gazette of FRY, Issue 5, 1992, Article 15).

Table 1. Natural occurrence (�g � kg—1) of zearalenone in barley samples

Sample number Barley sample Zearalenone content
(�g � kg—1)

1. SSK1 22.0

2. SSK2 5.2

3. SSK3 8.6

4. SSK4 5.8

5. SSK5 7.1

6. SSK6 8.2

7. SSK7 52.0

8. SSK8 24.0

9. SSK9 37.0

10. SSK10 19.0

11. SSK12 16.0

The zearalenone content in barley samples inoculated with cultures of Fu-
sarium spp. ranged from 0.0 to 430 �g � kg—1 (Table 2). After the 14-day in-
cubation on sterilised barley grains, F. avenaceum isolates, originating from
barley samples SSK6 and SSK12, synthesised 430—330 �g � kg—1 of zearale-
none.
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Table 2. Zearalenone content (�g � kg—1) in barley samples incubated with isolated cultures of
Fusarium spp.

Sample
number Fusarium species

Origin of isolate
of Fusarium spp.
(barley variety)

Concentration of
spores in suspension for
barley grain inoculation

(spore ml—1)

Zearalenone
(�g � kg—1)

1. F. avenaceum SSK6 8x105 430,00

2. F. avenaceum SSK12 1x105 330,00

3. F. culmorum SSK8 1x105 220,00

4. F. equiseti SSK2 1x105 0,00

5. F. tricinctum SSK1 4x105 220,00

6. F. sporotrichioides SSK7 1x106 290,00

7. F. sporotrichioides SSK12 8x106 340,00

8. F. poae SSK5 2—105 120,00

9. F. poae SSK9 2—105 120,00

10. F. poae SSK10 16—106 140,00

11. F. poae SSK6 1—105 0,00

An isolate of F. sporotrichioides, originating from the barley sample
SSK7, synthesised 290.0 �g � kg—1 of zearalenone while another, originating
from the sample SSK12, synthesised 340.00 �g � kg—1 of zearalenone. F. poae
isolates, originating from three different barley samples (SSK5, SSK9 and
SSK10), synthesised 120.00—140.00 �g � kg—1 of zearalenone. F. culmorum
and F. tricinctum synthesised equal content of zearalenone (220.00 �g � kg—1),
while a F. equiseti isolate and a F. poae isolate did not synthesise zearalenone.

In cases when a greater initial number of spores for the same species of
the genus Fusarium was used for the inoculation of sterilised barley grain, the
fungi produced a higher zearalenone content (Table 2): two isolates of F. ave-
naceum (samples No. 1 and 2) and F. sporotrichioides (samples No. 6 and 7),
and especially three isolates of F. poae (samples No. 8, 9, and 10).

In comparison with other species, the lowest zearalenone content in three
isolates of F. poae (samples No. 8, 9 and 10) or even non detectable contents
of this mycotoxin in cultures of F. equiseti (sample No. 4) and F. poae (sam-
ple No. 11) most probably point out to the fact that these species or particular
isolates had no genetic background for the zearalenone synthesis.

CONCLUSIONS

According to the obtained results on the composition of mycopopulations
and zearalenone content in naturally and artificially inoculated brewer's barley
grains with species of the genus Fusarium the following conclusions can be
drawn:

— fungi of the genera Alternaria (70%) and Fusarium (19%) dominate
in samples of brewer's barley, while percentage of remaining fungal genera
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ranged from 6—2% (Mycelia sterilia, Ulocladium, Scopularipsis) to 0.5%
(Rhizopus, Cladosporium);

— A. alternata (54,6%) and F. poae (10,26%), were the most distributed
within the genus Alternaria, i.e. Fusarium, respectively;

— several species of the genus Fusarium (F. acuminatum, F. avenaceum,
F. culmorum, F. equiseti, F. poae, F. sporotrichioides and F. tricinctum) were
isolated from brewer's barley grain;

— natural occurrence of zearalenone varied from 5.2 to 52.0 �g � kg—1,
i.e. it was higher than the maximum tolerable levels prescribed by legal regu-
lations for content in cereals;

— the zearalenone content varied from 120.0 to 430.0 �g � kg—1 in cultu-
res of F. avenacuem (2), F. culmorum (1), F. tricinctum (1), F. sporotrichioi-
des (2) and F. poae (3);

— the highest, i.e. lowest potential in zearalenone synthesis was expres-
sed by the isolates of F. avenaceum and F. sporotrichioides, i.e. F. equiseti
and F. poae, respectively;

— only one isolate of F. equiseti (sample No. 4) and of F. poae (sample
No. 11) did not synthesised zearalenone;

— the same species of the genus Fusarium synthesise a higher zearale-
none content if a higher concentration of spore suspension is used for the ino-
culation of sterilised barley grain.
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Rezime

Gqive iz roda Fusarium, poznate kao toksigene vrste, åesti su paraziti i
kontaminanti pivskog jeåma. U ovom radu ispitivan je sastav vrsta roda Fusari-
um, poreklom iz pivskog jeåma, kao i wihov potencijal u sintezi zearalenona.

U radu su ispitivawa vršena na uzorcima razliåitih sorti pivskog jeåma
(SSK1, SSK2, SSK3, SSK4, SSK5, SSK6, SSK7, SSK8, SSK9, SSK10 i SSK12), ro-
da 2003. godine, koji su prikupqeni u lokalitetu Kragujevac. Izolovawe i iden-
tifikacija Fusarium vrsta izvršeno je prema metodama koje su opisali N e l -
s o n i sar. (1983). Identifikovane Fusarium vrste (6) testirane su na sposob-
nost sinteze zearalenona. Izolati su gajeni na sterilisanim zrnima jeåma, in-
kubirani na 25°S u trajawu 14 dana, nakon åega je odreðena koncentracija zeara-
lenona fluorometrijskom metodom na fluorometru „VICAM" serije 4.

Iz uzoraka jeåma izolovano je 7 Fusarium vrsta, i to: F. acuminatum, F. ave-
naceum, F. culmorum, F. equiseti, F. poae, F. sporotrichioides i F. tricinctum. Najza-
stupqenija je bila vrsta F. poae (10,26%). U kulturama inokulisanog zrna jeåma
sa F. avenacuem (SSK6 i SSK12), F. culmorum (SSK8), F. tricinctum (SSK1), F. spo-
rotrichioides (SSK7 i SSK12) i F. poae (SSK5, SSK9 i SSK10) utvrðena je koncen-
tracija zearalenona od 120,0 do 430,0 �g � kg—1. F. equiseti (SSK2) i F. poae
(SSK6) nisu pokazale sposobnost sinteze ovog toksiånog metabolita.
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VIRULENCE OF FUSARIUM SPECIES TO
ALFALFA SEEDLINGS

ABSTRACT: In in vitro conditions, virulence of 91 isolates of species Fusarium ge-
nus (F. oxysporum, F. solani, F. acuminatum, F. equiseti, F. arthrosporioides, F. prolifera-
tum, F. avenaceum, F. semitectum, F. tricinctum, F. sporotrichioides and F. graminearum)
towards alfalfa seedlings was investigated. Isolates of investigated species originated from
diseased alfalfa plants collected at four locations in Serbia based on symptoms of wilting
caused by fusarium and root rotting. Pathogenicity and virulence of investigated isolates of
Fusarium spp. were determined by visual evaluation of inoculated seedlings of cultivar K28
in laboratory conditions. All isolated of investigated species had pathogenic effect on alfalfa
seedlings, which expressed symptoms such as necrosis of root, moist rotting and “melting
of seedlings". Colour of necrotic root tissue varied from light brown, brown, lipstick red to
explicit black, depending on the Fusarium species. Strong virulence was established in 48
isolates, medium virulence in 31 and weak virulence in 12 isolates.

KEY WORDS: alfalfa (Medicago sativa L.), Fusarium spp., seedlings, virulence

INTRODUCTION

Longevity of alfalfa crops is conditioned by condition of root system,
primarily in root neck and small roots in the most active zone of the root.
Therefore, rotting of root and root neck, since frequent in case of alfalfa, is
one of the most important factors which reduces the longevity of alfalfa crops,
yield and quality of alfalfa. Fusarium species isolated from diseased alfalfa ro-
ots, especially root neck, were more frequent than any other type of fungus.
Except type of rot, symptoms of disease are manifested in form of chlorisis of
leaves and lower plants.

Fusarium oxysporum Schlect., F. solani (Mart.) Appel & Wollenw. Emend.
Snyder & Hansen and F. roseum Lk. ex Fr. Emend. Snyd. & Hans. are species
constantly isolated from alfalfa root (O ' R o u r k e and M i l l a r, 1966;
G r a h a m et al., 1979). According to the data from literature regarding the
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etiology of root rot, other Fusarium species are also important, such as F. ave-
naceum (Fr.) Sacc., F. arthrosporioides Sherb., F. culmorum (W. G. Smith)
Sacc., F. scirpi Lamb, et Fautr. var. acuminatum, F. poae (Peck) Wr., F. sam-
bucinum Fuckel and F. tricinctum (Corda) Sacc. (E r w i n, 1954; C h i et al.,
1964; N e d e l n i k, 1988; H w a n g et al., 1989).

On the territory of Serbia, from alfalfa plants demonstrating symptoms of
wilting and rotting of root and root neck, most frequently isolated were nume-
rous Fusarium species (M i l i j i ã et al., 1984, 1986, V i c o et al., 1996;
K r n j a j a and I v a n o v i ã, 2001; K r n j a j a et al., 2002). Damage caused
by nematodes (Pratylenchus penetrans Cobb) enables more intensive develop-
ment of Fusarium wilt (Fusarium oxysporum var. medicaginis) on alfalfa root
(G r u j i å i ã et al., 1984). Fusarium species were isolated also from alfalfa
seed (K r n j a j a et al., 2003), which could be a source of further spreading of
pathogens on vegetative parts of the plant and cause problem in establishing of
alfalfa crops.

Considering how frequent incidences of fuzariozing wilting and root rot-
ting are in alfalfa crops on the territory of Serbia as well as great number of
isolated Fusarium species, the objective of this research was to investigate vi-
rulence of different types of Fusarium species to alfalfa seedlings.

MATERIAL AND METHODS

Applying standard phyto-pathological methods, isolates of Fusarium spp.
were separated from alfalfa plants, collected in the vicinity of Belgrade (Ze-
mun, Padinska Skela), Novi Sad (Rimski Šanåevi) and Kruševac, with symp-
toms of Fusarium wilt and root rot. According to morphological characteristics
described by N e l s o n et al. (1983) and B u r g e s s et al. (1994), investiga-
ted isolates belong to the following species: F. oxysporum, F. solani, F. acu-
minatum, F. equiseti, F. arthrosporioides, F. proliferatum, F. avenaceum, F.
semitectum, F. tricinctum, F. sporotrichioides and F. graminearum.

In in vitro conditions, inoculation of seedlings of cultivar K28 was car-
ried out according to the method described by C h i et al. (1964). Alfalfa seed
was disinfected in 95% ethanol for 10 seconds, subsequently in 7% sodium
hypo chlorite (NaOCl) for 10 minutes, rinsed in sterile water and dried at ro-
om temperature. Section of the colony of investigated isolates 4—5 mm2 in di-
ameter and five days old was placed in the centre of Petri dish with 1.7% po-
tato dextrose agar. Around the section of colony, at distance of 2 cm in diame-
ter, 15 seeds of alfalfa were placed. Petri dishes were incubated at room tem-
perature. After two days, primary roots were placed so that their tips were to-
uching the rim of the fungus colony in the centre of Petri dish.

After 10 day incubation, degree of pathogenicity (virulence) of isolates
was evaluated by visual inspection of necrotic areas according to the following
scale: 0 = no virulence (no necrotic areas on the root), 1 = weak virulence
(necrosis on the tip of the root), 2 = medium virulence (root and low part of
the stem — stem butt, but necrosis or fungus mycelium didn't spread on lea-
ves and upper section of stem) and 3 = strong virulence (necrosis or fungus
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mycelium have spread entirely over root, stems and leaves, and in some cases
even “melting" of seedlings occurred).

RESULTS OF INVESTIGATION

By inoculation of alfalfa seedlings in laboratory conditions it was esta-
blished that all 11 isolates of Fusarium species were pathogenic. Two days
subsequent to contact between root and fungus colony necrosis appeared in all
investigated isolates. Necrosis spread vertically and after 10 days of incubation
isolates of strong virulence were completely spread over root, stems and leaves
of seedlings, causing in some cases so called “melting" of seedlings (Fig. 1).

Necrotic tissue of the root was rotten and decayed. In case of isolates
which haven't caused spreading of necrosis further from the root, herbaceous
parts of seedlings which weren't necrotic tore easily when pulled from disinte-
grated and softened root tissue. Colour of necrotic root parts was light brown,
brown, red brown, and lipstick red to black (Fig. 1). Roots of control seedlings
were without necrosis, healthy and with stabile structure.

Among investigated isolates of Fusarium spp., 48 demonstrated strong vi-
rulence, 31 isolates medium virulence, and weak virulence 12 isolates (Tab. 1).
Among investigated isolates of F. oxysporum, 16 isolates demonstrated strong
virulence (grade 3), 14 isolates demonstrated medium virulence (grade 2), and
4 isolates demonstrated weak virulence (grade 1). Among investigated isolates
of F. solani, 16 isolates demonstrated strong virulence, and one isolate de-
monstrated medium virulence. Seven isolates of F. acuminatum demonstrated
strong, and two weak virulence. All investigated isolates of F. equiseti demon-
strated weak virulence. Six isolates of F. arthrosporioides demonstrated medi-
um virulence and one isolate strong virulence. All investigated isolates of F.
proliferatum demonstrated strong virulence. One isolate of F. avenaceum de-
monstrated strong, and two isolates medium virulence. All investigated isolates
of species F. semitectum and F. sporotrichioides demonstrated medium viru-
lence. One isolate of F. tricinctum demonstrated strong, and one medium viru-
lence. One investigated isolate of F. graminearum demonstrated strong viru-
lence (Tab. 1).

DISCUSSION

In the test for control of pathogenicity of Fusarium species to alfalfa see-
dlings pathogenicity of isolates of all investigated Fusarium spp. was establis-
hed, as well as high sensitivity of alfalfa in pheno — stage of seedlings. Simi-
lar results were confirmed in previous investigations (W e i m e r, 1927, 1928,
loc. cit. S c h m i t t e n n e r, 1964; C h i et al., 1964; H a n c o c k, 1983,
1985), when it was proved that Fusarium species can infect alfalfa seedlings.
W e i m e r (1927, loc. cit. S c h m i t t e n n e r, 1964) has established that Fu-
sarium spp. and Rhizoctonia spp., isolated from rotten root neck and root of
alfalfa cause moist rotting of seedlings. F. oxysporum f. sp. medicaginis is also
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pathogenic to alfalfa seedlings (W e i m e r, 1928 loc. cit. S c h m i t t e n n e r,
1964). Isloates of Rhizoctonia spp. and F. oxysporum f. sp. medicaginis origi-
nating from alfalfa have demonstrated strong pathogenicity not only to alfalfa
seedlings, but also to seedlings of bird's foot trefoil, red and white clover
( V i c o, 1997). Histological researches have shown that penetration and furt-
her development of F. avenaceum, F. oxysporum and F. solani are similar in
case of alfalfa and red clover seedlings (C h i et al., 1964). The results obtai-
ned by these authors indicate that all three Fusarium species have penetrated
into uninjured epidermal root cells, seed coat and cotyledons by direct penetra-
tion without formation of apresoria. The penetration was intercellular and in-
tracellular. Most frequently, pathogens penetrated the meristematic tissue, alt-
hough regions of cell magnification and differentiation were also affected. Pat-
hogens colonize completely the cortex of the alfalfa root. All three species co-
lonize xylem, and F. solani is most limited when developing in epidermal and
cortical tissues. Tips of roots are affected by pathogens in two-day old see-
dlings. Seed coat was colonized quickly by all three fungis species. Lots of
hyphae were found in cotyledons, leaf primordia and young stems. No diffe-
rence was established between plants which became diseased naturally and
artificially inoculated plants in regard to development of fungus (C h i et al.,
1964).

CONCLUSION

Investigations of pathogenicity and virulence of Fusarium species in vitro
have lead to the following conclusions:

— F. oxysporum, F. solani, F. acuminatum, F. equiseti, F. arthrosporioi-
des, F. proliferatum, F. avenaceum, F. semitectum, F. tricinctum, F. sporotric-
hioides and F. graminearum are pathogen to seedlings of K28 alfalfa;

— Main symptoms of disease are change of colour from brown to black
depending on the investigated species, necrosis of root, moist rotting and
“melting of seedlings";

— Most of the isolates demonstrated strong virulence (48) to medium vi-
rulence (31), and only 12 weak virulence, none of the isolates were of no viru-
lence;

— F. solani and F. acuminatum demonstrated mostly strong virulence,
F. arthrosporioides medium virulence, whereas virulence of F. oxysporum va-
ried from weak to strong;

— All isolated Species of F. proliferatum demonstrated strong virulence,
and of F. equiseti weak virulence;

— Less present species on alfalfa root, such as F. avenaceum, F. tricin-
ctum and F. graminearum, demonstrated medium to strong virulence, and F.
semitectum and F. sporotrichioides medium virulence.
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Rezime

U in vitro uslovima prouåena je virulentnost 91-og izolata vrsta roda Fusa-
rium (F. oxysporum, F. solani, F. acuminatum. F. equiseti, F. arthrosporioides, F. pro-
liferatum, F. avenaceum, F. semitectum. F. tricinctum, F. sporotrichioides i F. grami-
nearum) prema klijancima lucerke. Izolati ispitivanih vrsta poreklom su iz
obolelih biqaka lucerke koje su prikupqene iz åetiri lokaliteta u Srbiji na
osnovu simptoma fuzarioznog uvenuãa i truleÿi korena. Patogenost i viru-
lentnost ispitivanih izolata Fusarium spp. utvrðeni su vizuelnim ocewivawem
inokulisanih klijanaca sorte K28 u laboratorijskim uslovima. Svi izolati
ispitivanih vrsta patogeni su prema klijancima lucerke, koji su ispoqili
simptome u vidu nekroze korena, vlaÿne truleÿi i „topqewa klijanaca". Boja
nekrotiranog tkiva korena varira od svetlo smeðe, smeðe, crveno-smeðe, kar-
min-crvene do izrazito crne, zavisno od vrste roda Fusarium. Jaku virulent-
nost ispoqilo je 48 izolata, sredwu 31 izolat, a slabu 12 izolata.
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EFFICACY OF DIFFERENT ADSORBENTS IN
ALLEVIATING ZEARALENONE EFFECTS

ON PERFORMANCE OF PIGS

ABSTRACT: The investigation of the influence of zearalenone effects on performan-
ce of pigs and the possibility of the application of modified clinoptilolite (MC) and esteri-
fied glucomanane (EGM) in alleviating and/or prevention of harmful effects was performed
by the experiment of pigs nutrition. The experiment lasted for 31 days, and the group of
pigs was fed with uncontaminated feed, while experimental groups were fed with feed con-
taining 3.84 ppm of zearalenone. In pig feed of the second and third experimental group
MC and EGM in the amount of 0,2 and 0,1% were added.

The pigs of the control group accomplished daily growth of 0.569 kg with feed con-
version of 1.793 kg. The presence of F-2 toxin in feed affected adversely production results.
The addition of MC or EGM to contaminated feed improved production results, but not to
the level of the control group. The obtained results point at the fact that adsorbents can only
partially prevent harmful effects of F-2 toxin.

KEY WORDS: adsorbents, pigs, production results, zearalenone

INTRODUCTION

Mycotoxin zearalenone is one of the most important secondary metaboli-
tes of Fusarium fungi. It is a phytoestrogen, lacton 6-b-resorcilic acid (6-[10-
-hydroxy-6-oxy-trans-1-undecenil]-b-resorcilic acid). Biological activity of this
toxin can be explained as competition with 17-b-oestradiol for the specific bin-
ding points at oestrogenic receptors.

Pigs are more sensitive (SCF 2000) than other animal species, like rumi-
nants and poultry, especially fowl. Oestrogenic syndrome (K r o g h, 1987) is
dominant phenomenon in clinical picture. Hyperemia and oedema of vulva
with lightly clouded mucilaginous vaginal discharge are symptoms of intoxi-
cation. In severe cases vaginal and rectal prolapse can be seen (S y d e n h a m
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et al., 1988). Clinical signs are more expressed in immature than in mature
animals (J a m e s and S m i t h, 1982; K u i p e r - G o o d m a n et al., 1987).

Corn is usually affected, especially hybrid sorts with long vegetation and
a lot of humidity in the moment of ingathering, but the fungi growth and toxin
synthesis prolong further during storage (EFSA 2004). Mycotoxin content in
feedstuffs and/or feed is usually lower (Š e f e r et al., 1994; M a š i ã et al.,
2001) and it doesn't provoke significant health disturbance, so it is manifested
as a chronic mycotoxicosis (H u m p h r e y s, 1988). Chronic primary myco-
toxicosis is manifested by different grade of decrease of performances: retar-
ded growth, lower feed conversion, feed refusal, vomiting and diarrhea (Š e f e r,
2000).

Numerous strategies for the detoxification of mycotoxin-contaminated
crops have been reported in the scientific literature and recently reported
( P h i l l i p s et al., 1994). These include methods of mycotoxin extraction, se-
paration, decontamination, thermal inactivation, irradiation, microbial degrada-
tion, and treatment with variety of chemicals (P i v a and G a l v a n o, 1999).
Many of these techniques are impractical, ineffective, and/or potentially unsafe
(S i n o v e c et al., 2000). A new approach to mycotoxin control is the use of
selective chemisorbents which added to feed is capable of forming irreversible
complexes with mycotoxin molecules in the intestinal lumen. Such complexes
are not digestible, pass down the digestive tract and are excreted in the feces.
The net effect is to reduce the dose of adsorbed toxin to the point that it is
below the biological threshold. This allows contaminated feed to be fed with
minimal losses in performance.

Previous investigations have shown quite satisfactory effects in binding
F-2 toxin by zeolite, especially after organic modification, i.e. after the change
of superficial charge and hydrophobia when better adsorption (over 90%) of
less polar molecules has been obtained (T o m a š e v i ã - Å a n o v i ã et al.,
2001). Biotechnology also offers application of organic adsorbents, especially
glucans (D e v e g o w d a et al., 1998) which have been obtained from cell
wall of yeast Saccharomices cerevisiae and which possess significant capa-
bility of adsorption of a wide spectrum of mycotoxins based on bipolar mole-
cular charge.

The primary objective of this study was not only to investigate the har-
mful effects of dietary F-2 toxin on piglet's performances, but also to assess
the feasibility of utilizing a modified clinoptilolite and esterified glucomannane
aimed at alleviating and/or preventing its harmful effects.

MATERIALS AND METHODS

Animals. Experiment was performed on a total of 32 pigs of Swedish and
Dutch Landrace cross-breed. Pigs were of both sexes with 14.40 kg average
body weight, 60 days old.

Diets. All groups of pigs were fed with a commercial feed mixture which
consisted of standard feedstuffs and contained enough nutrients to satisfy the
piglet requirements. Corn naturally contaminated with zearalenone (12.8 ppm)
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was used in the amount of 30% in experimental groups. Zearalenone free corn
was given to pigs in control group. Modified clinoptilolite (MC), as mineral
adsorbent was introduced in contaminated feed of the second experimental
group and esterified glucomannane (EGM) as organic adsorbent in contamina-
ted feed of the third experimental group.

Experimental design. A trial 31 days long was conducted on a total of 32
pigs, divided into four groups, each containing 8 pigs. Control group (K) rece-
ived feed without toxin, while experimental groups offered F2-toxin contami-
nated feed in an amount of 3.84 ppm. Pigs in the first experimental group
(O-I) were given feed with toxin only. At the same time, 0,2% MC (Minazel
Plus) and 0,1% EGM (Mycosorb) was added to the feed for the second and
the third experimental group, respectively.

Data and sample collection. The following data were monitored during
the trial: body weight (BW), weight gain (AWG), feed intake (FI) and feed
consumption ratio (FCR).

Statistical analysis. All data were statistically processed (S n e d e c o r
and C o c h r a n, 1971) and an appraisal was made of the significance of diffe-
rences in mean values between the groups of pigs.

RESULTS

From Table 1 it can be seen that pigs were of adequate body weight for
their breed and age at the beginning of the trial without significant differences
between groups (p 0.05). Obtained performances differed at the end of the
trial between control and experimental groups. By comparing experimental
group of pigs fed with contaminated feed (O-I) with control group (K) it could
be seen that zearalenone had harmful influence on body weight which was
decreased for 10.84% (p > 0.05).

Table 1. Body weight and weight gain* of pigs, [kg]

Group n BW initial BW final AWG

K 8 14,38±1,53 32,00±3,38 0,569±0,08 a

O-I 8 14,38±1,22 28,53±4,87 0,456±0,13 b

O-II 8 14,31±1,22 30,13±1,92 0,510±0,03

O-III 8 14,00±1,22 30,00±2,83 0,516±0,03

* Value expressed as x±Sd a, b p < 0.05

Although body weight is a respectable parameter, daily growth is reputed
as better indicator of feed quality. It is particularly a pointer of hygiene
propriety and animal health. Comparing experimental group (O-I) with control
group of pigs (K) considerably lower daily growth, for 19.86%, could be seen
(p < 0.05).

Application of adsorbents ensured significant recompense of lost body
weight, i.e. gain of satisfactory daily growth. Average body weight and daily
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weight gain of pigs fed with contaminated feed with addition of adsorbents
were still lower than control values, but at the same time higher than average
body weight and daily growth of pigs fed with contaminated feed without pro-
tectors. There wasn't any difference in results due to type of adsorbent.

Presence of F-2 toxin reduced feed consumption (Table 2) for 5.89%, but
addition of adsorbents entirely eliminated harmful effects. Pigs fed with conta-
minated feed with application of adsorbents achieved larger consumption than
pigs fed with the same feed without adsorbent, but it was still lower than in
pigs in the control group. There wasn't any significant difference in results
due to type of adsorbent.

Table 2. Feed intake and feed gain ratio, [kg]

n
Group

K O-I O-II O-III

FI 8 1,020 0,960 0,978 0,988

FCR 8 1,793 2,105 1,918 1,915

Feed conversion, as interaction of growth and consumption, differed bet-
ween control and experimental groups. Experimental group fed with contami-
nated feed attained higher feed consumption ratio for 14.82%. Utilizing of ad-
sorbents significantly alleviated harmful effects of zearalenone, but not enti-
rely. Feed consumption ratio of pigs fed with contaminated feed with the addi-
tion of modified clinoptilolite was still higher than control value for 6.52%,
but it was lower than feed conversion of pigs fed with contaminated feed only.

Feed consumption ratio of pigs fed with contaminated feed with the addi-
tion of esterified glucomannane also wasn't as efficient as control value (hig-
her for 6.37%), but it was lower than feed conversion in group of pigs which
offered contaminated feed without adsorbents.

DISCUSSION

In practice, F-2 poisoning is usually expressed in nonspecific form as
chronic primary mycotoxicosis followed by retarded growth, decrease of body
weight, lower feed consumption and consequently increases of feed consump-
tion ratio (H u m p h r e y s, 1988). Based upon the obtained results, it could be
concluded that zearalenone in amount of 3,84 ppm provokes such harmful ef-
fects and induces performances reduction.

As the ingestion of contaminated feed is the main way of mycotoxins in-
put into animal body, a nutritional approach is the logical way of struggle with
them. One of the elegant and inexpensive solutions would be a feed additive,
which would detoxify the contaminated feeds during passage through the dige-
stive tract. For this purpose, several commercially available adsorbents were
tested in vitro and in vivo. In general, adsorbents are nutritionally inert, nonre-
sorbable substances which could, due to their physical, chemical and electro-
static characteristic, reduce the bioavailability of mycotoxins by adsorption. If
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a stable adsorbent-mycotoxin complex is formed, the resorption of mycotoxins
in the gastrointestinal tract could be reduced, and thereby toxic effects for ani-
mal would be decreased.

Mycotoxin binders can be inorganic or organic polymers. Many types of
inorganic polymers were tested for binding capacity, and the degree of adsorp-
tion depends on the chemical structure of the mycotoxin in relation to the sur-
face properties and geometry of the adsorbent, as well as their polarity. Adsor-
bents, including zeolites, silicates, phylosilicates and modified phylosilicates,
in vitro conditions show the ability to bind and adsorb different mycotoxins
( P h i l i p s et al., 1995, C o e n e n and B o y e n s, 2001). Modified clinopti-
lolite has a high binding capacity for different mycotoxins, including zearale-
none in in vitro conditions (T o m a š e v i ã - Å a n o v i ã et al., 2001) which is
confirmed in in vivo trials of A v a k u m o v i ã et al. (2000, 2001) who con-
cluded that addition of mineral adsorbent is a very reasonable approach, as
well as in trials with other toxins (N e d e l j k o v i ã - T r a i l o v i ã et al.,
2001, R e s a n o v i ã et al., 2001).

Organic toxin binders are derived from plant or microorganism fibers. An
innovation is the concept of organic polymers derived from yeast cell wall
fractions. This material has a high surface area and enough specificity to allow
effective mycotoxin binding at a low level of dietary inclusion. Binding effi-
cacy of esterified glucomannane is confirmed in this trial, but not at the level
as noted in literature (D e v e g o w d a et al., 1998; D e v e g o w d a and
A r a v i n d, 2002; W u s t and S o r i a n o, 2000).

Many adsorbents in in vitro conditions show the ability to bind and ad-
sorb different mycotoxins, but there are only a few references describing in vi-
vo results. Addition of modified clinoptilolite and esterified glucomannane in
zearalenone contaminated feed approved to be quite successful in alleviating
its harmful consequences. Thus, the use of adsorbents as toxin binders could
be efficient approach to reduce negative mycotoxin effects to animals to a cer-
tain extent.
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EFIKASNOST RAZLIÅITIH ADSORBENATA U UBLAŸAVAWU
EFEKATA ZEARALENONA NA PROIZVODNE REZULTATE PRASADI

Ksenija Nešiã, Sweÿana Pupavac, Zlazan J. Sinovec

Rezime

Ispitivawe uticaja zearalenona na proizvodne rezultate i moguãnost ko-
rišãewa modifikovanog klinoptilolita (MC) i esterifikovanog glukomanana
(EGM) u ublaÿavawu i/ili prevenirawu štetnih efekata izvedeno ogledom is-
hrane prasadi. Ogled je trajao 31 dan, a izveden je na ukupno 32 grla u dobi od
60 dana, podeqenih u åetiri grupe sa po 8 prasadi. Kontrolna grupa prasadi
hrawena je nekontaminiranom hranom, dok su eksperimentalne grupe hrawene
hranom koja je sadrÿala 3.84 ppm zearalenona. U hranu za prasad druge i treãe
eksperimentalne grupe dodat je MC i EGM u koliåini od 0,2 i 0,1%.

Prasad kontrolne grupe ostvarila su dnevni prirast od 0.569 kg uz kon-
verziju hrane od 1.793 kg. Prisustvo F-2 toxina u hrani uticalo je negativno na
proizvodne rezultate. Dodatak MC ili EGM kontaminiranoj hrani poboqšalo
je proizvodne rezultate, ali ne do nivoa kao u kontrolnoj grupi. Dobijeni re-
zultati ukazuju da adsorbenti mogu samo donekle da preveniraju štetne efekte
F-2 toxina.
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RISKS FROM MICROBIOLOGICAL AND CHEMICAL
CONTAMINATION OF FISH MATERIALS

ABSTRACT: Fish is today one of the most important commercial material. In our
market as in the world market they are present in fresh and manufactured products. Fish
products always have some risk. They could be contaminated with dangerous chemicals and
biological contaminants. From biological originated polutions Aflatoxin and other Myco-
toxins are very dangerous. The contamination starts in fish ponds, in canals and swamps.
Also, the contamination occurs at storage and prepararation of fish materials. It is very im-
portant to recognize hygienically correct fish material and control fish food and different
products from fish by educated inspectors (V l a h o v i ã, 1999).

KEY WORDS: Contamination, Fish food, Inspectors, Storrage effect, Toxins

INTRODUCTION

The inspection program also encompasses the maintenance of databases
on contaminants in fish and fish products and the inspection of fishing. Also,
all consumers and trade complaints involving fish products are investigated to
determine the cause of the complaint and the appropriate follow-up action.

Compared to European Union and many other countries, aquaculture in
Serbia and Montenegro (SCG) is a relatively new industry. Until the 1980s,
aquatic species were produced principally to provide seeds for restocking pro-
grams and family consumption. Although trout has been raised for food since
early 1790s, only with the advent of commercial aquaculture of sardines, trout,
carp, cat fish, perch, tolstolobic, strugeon, hybrid striped bass and pike.1 Ot-
hers aquaculture species grown for food are shrimp, oyster, clam, mussels and
crawfish (crayfish). To support this fast growing segment of agriculture, and
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maintaine its global competetivness, several institutions as universities, govern-
mental institutions for agriculture and fishing union.2 These institutions are
actively engaded in research on nutrition, feeds and feeding of various com-
mercially important fish species and other species of interest in aquaculture.
The goals are to develop low-cost and environmentally-friendly feeds and mo-
re efficient feeding strategies, increase production efficiences, improve fish he-
alth, decrease production cost, improve product quality and minimize environ-
mental impact. The major research areas include nutrient requirements and the-
ir effects on stress and disease resistance, nutrient metabolism and nutritional
physiology, develoment evalution of nutritional value and nutrient bioavaila-
bility of alternative feed ingredients, effects of antinutritional factors and
feed-borne toxins (mycotoxins) on fish growth, water quality, reproduction and
fish health (W e i b e l, 1964).

Poisoning-algal toxins

Algae are important part of marine plankton serving as food for variety
of aquatic animals. Algae are important factor of regeneration of water and
treatment of water in fish pond. Algae may present variable morphology. Spe-
cies can be unicellular as well as multicellular, some algae grow up to 20—30
meters of length. Algae serve as food for aquatic animals, they may be used as
ingredients such as the production of agar agar, used in food, in drugs, as ba-
sis for bacteriological media and in many other ways. Chlorophyll is often hid-
den by yellow, brown, blue and red pigments. This gave the origin to a classi-
fication of algae in Xantophyceae or Rodophyceae. Algae produce starch, man-
nite, leucosin and oil. Classification of algaes is often not up date, but some
are didactical and will still be used even when there is a new classification
proposed, so this is why the present classification proposed by Strasburger is
used here. The plant kingdom is divided in 7 great divisions:

1. Bacterriophyta containing bacteria,
2. Cyanophyta containing the blue-green alga,
3. Phcophyta containing all other alga,
4. Mycophyta containing mushrooms,
5. Byrophyta containing mosses,
6. Pteridophyta containing ferns,
7. Spermatophyta containing plants with seeds.

Algae which produce toxins are settled in division 2. Cyanophyta and di-
vision 3. Phycophyta, Flagellatae.

Division 2: Chrooccocales, generaly unicellular, forming jelly on rocks,
Hormogonales (filaments)

Division 3: Chrysomonodale, Heterochloridales, Cryptomnodales, Dino-
flagellatae, Euglenales, Protochloridale, and Volvocales.
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The Flagellatae have subdivision: Chlorophytina includes the green algae
(Chlorphyceae), wich live mainly in fresh water as plankton and form the
green coating on rocks and the bark of trees. Other Flagellatae are: Pyrho-
phytina, Euglenophytina, Rhaeophytina, Rhodophytina and Cyanophyta.

Algal toxins

Beside useful algae, there are many single cell algae which produce
toxins. These species develop rapidly under favourable conditions forming al-
gae carpets in seawater killing fish. Marine animals such as oysters, crustaceae
and different types of fish may eat toxic algae storing toxins. According to the
species of algae, the symptoms of poisoning are (W e l d e e, 1931):

1. Damage of the nervous system, (Paralytical Shellfish Poisoning).
2. Loss of memory (Amnesic Shelfish Poisoning)
3. Neurotoxic phenomena (Neurotoxic Shellfish Poisoning)
4. Sodium chanel blocking in nervous cells (Tetrodotoxin).

In summer the temperature of fish ponds, rivers, branches of river, lakes,
chanels, swamps and seawater rises causing high growt of algae.

Damage of the nervous system: They are caused by toxins produced by
Dinoflagelata such as Alexandrium spp. The Paralytical Shellfish Poisoning
toxins are water soluble.

Damage of the digestive tract: Toxins of Diarrhetic Shellfish Poisoning
are ocadic acid and the Dinophysis toxin which are liposoluble causing strong
diarrhea.

Loss of memory: A poisoning with Amnesic Shellfish Poisoning which is
caused by the dominoinic acid (DA) of the alga Nitzscia pungens. This algae
is found also in Europe. The maximum tolerable amount of dominoinic acid in
Germany is 20 mgDA/Kg in mollusc meat.

Neurotoxic phenomenans: The neurotix Shellfish Poisoning toxins are
produced by Gymnodinium breve, also denominated as Ptychodiscus brevis.
Amnesic Sellfish Poisoning toxins may be classified in to types: Brevetoxin A
and Brevetoxin B.

Sodium channel blocking in nervous cells: Tetradotoxin is also called Fu-
gu-toxin. It may be produced by some fish of the family of Tetradontidae (Ta-
kifugu sp.). The Tetradotoxin blocks the sodium channel of nervous cells ac-
ting neurotoxic. This toxin has no absorbtion of ultra violet light and is not
fluorescent.

Saxitoxin: is an algal toxin of the Paralytical Shellfish Poisoning type, be-
ing water soluble.

Bacterial poisoning

Bacteria can settle on food. Due to industralisation and globalisation they
can be widespread turning: endemic, epidemic and pandemic. The bacteria pre-
sent in food can:
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1. Spoil the food causing off-taste and off-smell.
2. Produce toxins under favourable conditions of growth, causing acute

poisoning or subacute but very harmful alterations such as cancer.
3. Be infectious causing diarrhea and other serious diseases.
4. Be opportunists.

Microorganism which spoil food

Moulds, yeasts, Escherichia coli and Proteus can produce toxins when
present in food and having sufficient time during storage under appropriate
temperatures. In this case, the microorganisms do not necessarily need to be
alive when reaching the final consumer. Clostridium botulinum produces exo-
toxins from type A, B, C, D, E and F. They are the strongest toxins which are
known and act as neurotoxins. They inhibit the excretion of acetylcholine avo-
iding thus the transmission of signals from the nerve to the muscle causing
paralysis comparable to the effect of curare. The endotoxins which are thermo
unstable are formed in canned food with a pH higher than 4.5 and about 6
months of storage. This toxin is destroyed when food is cooked before ser-
ving. Esherichia coli produces an entrotoxin under bad hygienic conditions.
Salmonella entertides produces a heat unstable exotoxin mainly in ground in
eggs in poultry in milk powder, in chocolate, in fish meat and fish salads. Shi-
gella dysenteriae and Shigella sonnei produce endotoxin or heat unstable
exotoxins. Shigella dysenteriae, Shigella sonnei and Staphylococcus aureus,
produce thermostable toxins. The toxins produced by Staphylococcus aureus,
can be classified serologically as toxins A, B, C1, C2, D, E and F.

All microorganisms cited as the producers of toxins are able to cause in-
fections. The microorganisms must be alive and in sufficient number to cause
an infeciton.

Mycotoxins

Mycotoxins are poisonous metabolites of certain moulds which can cause
pathological changes in humans and animals. The most important species
which produce mycotoxins are Aspergillus, Penicillium and Fusarium. Intoxi-
cation takes place through ingestion of contaminated food more seldom by in-
halation or skin resorption. Mycotoxins, unlike the bacterial or algal toxins,
generally do not produce acute intoxication but they are known as strong can-
cerogenic, teratogenic with chronic activity. Direct contamination with myco-
toxins can take place when moulds grow on food. Indirect contamination can
take place when mycotoxins which contaminated feed are ingesteded by cattle
and pork. Milk, eggs and fish meat are examples of indirect contamination of
food caused by spoiled feed containing Aflatoxins, Ochratoxin A and some of
the Fusaria toxins. The direct contamination caused by moulds growing on
food is of great importance on cereals, oil seeds, coffee, fruits, vegetables, spi-
ces, some types of cheese, like roquefort cheese, and fish meat products with
wheat flour, corn germ and rice (G a s z t o n y i, 1979).
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Aflatoxins

Aflatoxins are mycotoxins which are exclusively produced by the mould
Aspergillus flavus and Aspergillus parasiticus (R a d m i l o v i ã, 2002). Impor-
tante are Aflatoxins B1, G1 and G1. Aflatoxin B1 is the strongest cancerogenic
compound known. It causes liver cancer. In food, Aflatoxin M1 is sometimes
present and is almost as poisonous as Aflatoxin B1. In fish feed in fish pond,
the most frequent Aflatoxin is B1 being often found together with B2, G1, G2
(F i s h b e i n, 1972).

Fusaria toxins

Fusaria toxins is a generic term for the so-called fade-toxin produced by
Fusaria moulds which produce wrinkling of plant parts (B a m b u r g, 1968).

Ochratoxin A

Ochratoxin A is a mycotoxin produced by moulds of genus Penicillium
and Aspergillus. It is a water soluble cumarin derivate, cereal, coffee, spices
and other fish food (in fish pond). The growth of moulds and production of
Ochratoxin A is speeded by high temperatures and high moisture during: har-
vest, handling, drying, storage and transport. Ochratoxin A is carcinogenic and
genotoxic in mice and rats. Heating during cooking and backing does not inac-
tivate Ochratoxin (S c o t, 1965). Stored cereals can be decontaminated with an
atmosphere of 2% NH3 at 20 degrees during 4 to 6 months.

Poison of heated foods

Heterocyclic aromatic amines are caused by heating protein rich foods as
fish meat. They are carcinogenic. Polycyclic aromatic carbon and polycyclic
aromatic hydrocarbon are formed when fat drips from grill fish meat and are
brought back with smoke (smoked salmon, herring and tuna) and flames con-
taminating the foods. They are carcinogenic.

CHEMICAL AND BIOLOGICAL ANALYSIS OF TOXINS

For the analysis of different paralytic toxins it is recommended the ionic-
pair chromatography with RP-C18 columm. High Pressure Liquid Chroma-
tography (HPLC) is used as analytical method of Amnesic Shellfish Poising an
RP-C18 column without derivatisation. Dominoinic acid down to 1,0 mg/kg
in mollusc meat can be detected with derivisation before the column with
fluorenilmetoxicarbonilchlorid. The leading world standardized methods for
Neurotic Shellfich Poisoning analysis are HPLC-MC and immunoassays.
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Saxitoxin is extracted from acid solution and after extraction purifed with
periodic acid in alkaline medium. Saxitoxin is then read fluorometricaly aga-
inst a standard curve. Standard solution: Saxitoxin dissolved in acetic acid 0.1
cm3/dm3. Further dilution are made with sulphuric acid in a way that 2 cm3 of
the dilution are added to 2 cm3 NH4OH and 0.1 cm3 0.1 mol/dm3 periodic
acid. Reading made at 388 nm.

Sample with Saxitoxin purifed in column of 1.0 cm diameter, is charged
with approximately 5 g resin which gives a lenght of 5 cm, is then washed
with 100 cm3 buffer of potassium acetate at a pH 5,2, followed with 50 cm3

distillated water. Saxitoxin is then eluated with sulfuric acid 0.5 mol/dm3 until
20 cm3 are obtained in a volumetric flask. The velocity of elution should not
exceed 3 cm3/min. After 15 minutes 0.2 cm3 of glacial acetic acid are added to
the sollution and read aginst a blank containing the same components as befo-
re having periodic acid changed with water. With the same methods the
mycotoxins are analysed.

The known fresh water fish species

In Novi Sad areas including National park Fruška Gora in fishing there
occur the following fish species:

— Omnivora fishes: Barbel (Barbus barbus), ide, orfe (Leucescus idus),
Vimba vimba, clamp (Chondrostoma nasus), Fresh water carp (Pelecus cultra-
tus), robin (Scardinius erytrophtalmus), Rutilus rutilus, Carassius auratus, carp
(Carasius carassius), tench (Tinca tinca), gudgeon (Gobio gobio), loach (Mis-
gurnus fossilis), Cabitis tornea, Cyprinus carpio, carp (Cyprinus carpio), stur-
geon (Acipenser ruthenus), bream (Abramis brama), Blicca bjoerka, Abramis
sapa, Abramis ballerus, bleak (Alburnus alburnus), Rhodeus sericeus amarus,
Pseudorasbora parva.

— Herbivora fishes: Stenopharingodon idella, Hypophtamichtis molitex,
Aristichtis nobilis.

— Predators: Eel (Anguila anguilla), perch (Stizostedion lucioperca), Sti-
zostedion volgensis, pike (Esex lucius), catfish (Silurus glanis), burbot (Lota
lota), Ictalurus nebulosus, Aspius aspius, klena (Leuciscus cephalus), Zingel
zingel, Micropterus salmoides, perch (Perca flaviatilis, Lepomis gibbosus).

DISCUSSION

This paper is for the purpose of the education of sanitary inspectors and
in schools. There was included in the questionaries 337 pupils of “Prva vojvo-
ðanska brigada" elementary school in Novi Sad, 13—14 years of age. The
questionaire deals with indirect poisoning with toxins in fish food. In summer,
when in fish ponds the oxigen level is decreased, the bacterias liberate toxins
are in dangerous quantity. Also the green algae develop toxins. The most dan-
gerous is the poisoning with unadequate stored fish food. It has also to be no-
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ted that the poising with fish has storage effect. The mentioned problems are
included in five quetions. The questions given below had interesting answers.

1. When do you consume fish food? Unswer: never (15), rare (41), 1—2
times mounthly (119), one or two times weakly (141) and very often (21).

2. Where is fish purhased for your hause? Answer: In the restaurant (8),
in fish market (124), in the shops (108), at private sellers (57), fishing by one-
self (37) and not interested (3).

3. Which kind of fish do you purchase? Answer: Frish (89), frozen (130),
various state (104), do not purchase (7) and not informed about (7).

4. How the consumed fish food is prepared? Answer: cooked (36) baked
(101), on oil roasted (90), breaded (92), not preparared (7), smoked fish (4)
and from can (7),

5. What do they do with fish food which remain after consuming?
Answer: they eat it later cold (125), throw away (88), heat it again (76) and no
rest (48).

— From the first question it is seen that many of then eat fish.
— The second question shows that 28% of fish food come from risky

origins and sellers.
— The third question gave answer that people purchase mostly frozen

fish which include many uncertaintles including technology and refrozen pro-
cesses.

— From the answers to the fourth question it is seen that 55% of the
prepared fish food was done in risky way.

— The fifth answer shows that 37% eat the rest fish food cold, which is
a great risk like again heated food which is 23%.
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Rezime

Ribqi proizvodi su danas na svetskom trÿištu veoma ceweni. Oni u pro-
met ulaze kao sveÿa riba ili kao preraðevine. Meðutim, svi ribqi proizvodi
nose u sebi opasnost, pre svega od trovawa. Same ribe se åesto kontaminiraju
hemijskim i biološkim zagaðivaåima voda i ribqe hrane. Kontaminacija je
najizraÿenija u ribwacima, kanalima i u barama, kao što je u okolini Novog
Sada Petrovaradinsko-koviqski rit. Odreðene vrste alge ili ukvarena, buðava
hrana za ribe su najveãa opasnost za kontaminaciju. U wihivim organizmima
toksini i druge opasne materije se postepeno gomilaju i kumulativnim efektom
dodatno ugroÿavaju potrošaåa ribqeg materijala. Grabqivice i ribe svaštoje-
di još više kumuliraju u sebe toksine i druge toksiåne supstance. Naåine
spremawa i skladištewa jela od riba isto tako treba ubrajati u potencijalnu
opasnost od zagaðivawa od toksina. Naroåito se to odnosi na pohovane ribe,
zatim sa brašnom i pirinåem pripremqene ribqe specijalitete. Vaÿno je, za-
to, prvenstveno edukovati trÿišne inspektore kako bi oni preuzeli potrebne
preventivne mere.
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CEREAL SEED MYCPOPULATIONS IN SERBIA

ABSTRACT: Mycopopulation of cereals-durum wheat (cultivars Ÿitka and Durum-
ko), triticale (cultivars Goranac and NS tritikale), winter barley (cultivars NS 131, ZA 37
and Jagodinac) and oat (cultivars Slavuj and Rajac) had been studied during three years
(harvest 2002, 2003 and 2004) from numerous Serbian localities. In all three investigated
years and four cereal species the predominant fungal genus were Alternaria and Fusarium.
On seeds there were determinated representatives of genus Penicillium, Mucor, Bipolaris,
Aspergillus, Stemphylium and Epicoccum, too. The established fungi can significantly affect
quality of seeds and flour products.

KEY WORDS: Alternaria, cereal seeds, Fusarium, mycopopulations, Serbia

INTRODUCTION

During past several years in Serbia a significant wheat seed and seed pro-
ducts quality decline was found. It is assumed that this occurrence was caused
by mycopopulation that colonizes cereals in the field, as well as during stora-
ge. Cereal seeds are suitable substrate for development of great number of
phytopathogenic and saprophytic fungi. The most frequently isolated fungi on
cereal seeds belong to the genus Fusarium, Alternaria, Mucor, Bipolaris, Epi-
coccum, Cladosporium, Penicillium, Stemphylium and etc. (Y l i m a k i, 1970;
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).

As a result of phytopathogenic and saprophytic fungi colonisation the
number and weight of seeds are lowered, and the germination precentage is
declined (S z u n i c s et al., 1987; M i l u s and P a r s o n s, 1994). Beside
quantitative losses very important are losses in quality parameters (Š a r i ã et
al., 1997). In infected seed fungus dezorganisates cell walls, starch granulates
and proteins. Infected seeds have higher ash, and lower protein percentage.
Flour quality is significantly reduced (B e r o v a and M l a d e n o v a, 1974;
S n i j d e r s, 1990; B o y a c i o g l u and H e t t i a r a c h y, 1995; D e x t e r
et al., 1996, 1997). Numerous Fusarium species are considered toxigenic, be-
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cause of producing many thermostabil toxins, that are dangerous for human
and animal health (S n i j d e r s, 1990; L a n g s e t h et al., 1997; B a g i et
al., 2000). It is known, that among frequently isolated fungi from wheat seeds
toxin producing there are also species which belong to genus Aspergillus, Pe-
nicillium, Alternaria, Mucor, Rhizopus, Streptomyces (B o å a r o v - S t a n å i ã,
1996; Š a r i ã et al., 1997).

MATERIALS AND METHODS

In vegetation seasons 2001/2002, 2002/2003 and 2003/2004 (Tables 1, 2,
3, 4) cereal seed samples were collected after harvests from macro trials per-
formed in various Serbian localities. In macro trials the standard cultural prac-
tice was applied.

Tab. 1. Localities and years of durum wheat grain samples
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2004 2004 2004 2004 2002

2003 2004 2004 2003
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Durumko 2002
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2002
2003
2004

2004 2004
2002
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2002
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Tab. 2. Localities and years of triticale grain samples
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Cultivar
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Tab. 3. Localities and years of barley grain samples

Locality
Cultivar
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2004
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2004 2004
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Jagodinac 2002
2002
2003
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2004 2002 2003 2002 2002
2003 2003

ZA-37 2002 2003 2003 2002
2003

2002
2003 2003 2002 2002

2003 2003

Tab. 4. Localities and years of oat grain samples

Locality
Cultivar Baåka Topola Subotica Kikinda

Slavuj 2002, 2003, 2004 2003, 2004 2002

Rajac 2002, 2003, 2004 2003 2002, 2004

For cereal seed mycoflora determination a method on moistured filter pa-
per was applied (P i t t and H o c k i n g, 1985).

Evaluation of germination and infection rate was accomplished by bino-
culare, while the fungi determination according to cultural and morphological
characteristics using B a r n e t t's (1969) manual. Determination of species
from genus Fusarium were carried out according to B u r g e s s et al. (1988).
Statistical analysis of collected data were made by Duncan's multiply interval
tests (D u n c a n, 1955).

RESULTS

Results of seed germination and infection percentage, and rate of obser-
ved fungi genuses on cereal seeds in different localities and years are presen-
ted in Tables 5, 6, 7 i 8.

Tab. 5. Percentage of germinated and diseased durum wheat grain 2002—2004

Year
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2002 84,7 36,2 7,4 25,1 3,2 0,4 — —

2003 78,7 41,8 10,8 28,8 0,3 0,3 0,5 0,1

2004 78,1 24,16 10,7 12,3 0,2 0,8 0,05 0,11
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In 2002—2004 performed studies on durum wheat mycopopulations sug-
gest that in each year of the studies the dominant species on cereal seed belon-
ged to genus Alternaria, particularly in 2002 and 2003 (Table 5). Fusarium in-
fection level was between 7,4—10,8%, while species from genus Penicillium,
Mucor, Bipolaris and Epicoccum were represented in much lower intensity.
On the same level of infection were found mentioned fungi on trtiticale seeds
(Tab. 6). In case of triticale, fungi from genus Alternaria and Fusarium were
predominant, too.

Tab. 6. Percentage of germinated and diseased triticale grain 2002—2004
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2002 91,6 40,2 8,2 29,3 1,4 0,1 0,5 0,2 0,5

2003 85,5 41,4 6,2 34,0 1,2 — — — —

2004 89,5 24,0 8,1 15,5 0,3 — — 0,1 —

Tab. 7. Percentage of germinated and diseased barley grain 2002—2004
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2002 80,1 33,5 3,8 28,8 0,1 — 0,5 — 0,1

2003 71,4 61,5 4,7 55,4 0,1 0,05 1,0 0,2

2004 36,5 39,2 3,7 34,8 0,5 — 0,1 0,1

Analysing results of barley seed mycopopulation it is noticeble the very
high Alternaria infection, which in 2003 reached 55,4% (Tab. 7). Fusarium in-
fection level of barley seed was lower in comparison with the wheat infection
level, while other fungi were determined on the same level as in cases of
wheat samples.

Tab. 8. Percentage of germinated and diseased oat grain 2002—2004
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2002 22,5 83,2 10,5 72,2 0,2 — — — 0,2

2003 69,2 29,6 4,5 23,2 — 1,0 — 0,7

2004 43,0 32,7 8,5 23,2 1,0 — — —
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During 2003 and 2004, the percentage of oat seeds infection level was
the same as in wheat, barley and triticale, but in 2002 very high Alternaria in-
fection level (72.2%) and seed germination level (22.5%) have been determi-
ned.

DISCUSSION

The results of three years investigation of cereal seed mycopopulations
show dominatig role of species from genus Alternaria. This conclusion is in
agreement with the data from Hungary (C s o s z, 2002), according to which
species from genus Alternaria can be found in very high percentage on cereal
seeds. In 2000 C s o s z (2002) found Alternaria infection rate of 70—100%,
while in 2001 the infection level was 47—92%. On the basis of two year re-
sults this author concludes that there is no correlation between visual symp-
toms on seeds and infection intensity determined in moistured filter paper in
laboratory conditions. For this reason, the laboratory analysis of mycoflora
seed is necessary. It is well known that Alternaria species produce secondary
metabolites, which are harmful to human and animal health (G i r y n and
S z t e k e, 1995; A n d e r s e n and T h r a n e, 1996; S i n h a and B h a t -
n a g a r, 1998). High level of cereal seed Alternaria infection suggests that
there exists a need for detailed studies of toxigenity of some Alternaria speci-
es, as well as ecological conditions that are necessary for mycotoxin produc-
tion.

Species from genus Fusarium are also known as mycotoxin producers
( W i l c o x s o n et al., 1988; C h e l k o w s k i, 1994). Along with species F.
culmorum and F. graminearum, which cause wheat scab, on cereal seed speci-
es F. equiseti, F. proliferatum, F. moniliforme, F. subglutinans, F. anthophi-
lum were determinated (B a l a ÿ et al., 2003). Phytopathogenic fungi from ge-
nus Bipolaris and Stemphylium were found in low intensity. Representatives of
genus Penicillium, Mucor and Aspergillus do not cause visual symptoms on
cereal seeds, but are considered to be saprophytic species which colonise sup-
strate rich in carbohydrates and produce harmful mycotoxins.

Using statistical analysis of fungal infection level according to studied lo-
calities and by comparison of investigated cultivars susceptibility, we did not
find any statistical connections (B a l a ÿ et al., 2003, B a g i et al., 2004). So-
me statistically significant differences between localities and cultivars were fo-
und, but those differences are rather the results of microclimates and climatic
specificity of year, than of characteristic of locality or cultivar.

The possible measures to good quality food obtaining are predominantly
preventive ones. Beside growing resistant cultivars, some agrotechnic measures
(like crop rotation, soil cultivation, fertilization, irrigation) can significantly
preserve plant vitality, and prevent seed colonisation.

Beside mentioned preventive measures, during seed formation and ripe-
ning studies of influence of chemical treatment by fungicide to seed mycopo-
pulation should be useful. Chemical measures against cereal diseases because
of economic reason are hardly used in Serbia, although they it can quantita-
tively and qualitatively increase the growing results.
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MIKOPOPULACIJA SEMENA STRNIH ŸITA U SRBIJI

Ferenc F. Bagi, Vera B. Stojšin, Ferenc S. Balaÿ
Poqoprivredni fakultet, Departman za zaštitu biqa i ÿivotne sredine,

21000 Novi Sad, Trg Dositeja Obradoviãa 8

Rezime

Mikopopulacija semena strnih ÿita — durum pšenice (sorte Ÿitka i
Durumko), tritikalea (sorte Goranac i NS tritikale), ozimog jeåma (sorte NS
131, ZA 37, Jagodinac) i ovsa (sorte Slavuj i Rajac) ispitivana je tokom tri go-
dine (ÿetva 2002, 2003 i 2004) sa veãeg broja lokaliteta Srbije. U sve tri godi-
ne ispitivawa na åetiri ispitivane vrste najzastupqenije gqive su bile vrste
iz rodova Alternaria i Fusarium. Na semenu su konstatovane i gqive iz rodova
Penicillium, Mucor, Bipolaris, Aspergillus, Stemphylium i Epicoccum. Utvrðene gqi-
ve na semenu strnih ÿita mogu znaåajno uticati na kvalitet zrna i proizvoda
od brašna.
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MYCOTOXINS AND THEIR IMPACT ON
POULTRY PRODUCTION

ABSTRACT: Only two years afer the great expansion of “AGROŸIV" company, it
was evident that mycotoxins have great impact on all segments of poultry production. Du-
ring that year we were for the first time faced up with problems in poultry fattening. It was
not possible to explain the present problems only by bacterial and viral infections, so we as-
sumed that there is another reason for the observed clinical picture. From that time we star-
ted to pay more attention on contamination of poultry feed with mycotoxins. In the four
years' period, from 1988 to 2002, 57 samples were analyzed for the presence of myco-
toxins. Mycotoxicological investigations revealed the presence of T-2 toxin in 19 samples at
concentrations less than 0.3 mg/kg, in 18 samples at concentration of 0.5 mg/kg, and in 3
samples 1.0 mg/kg. Beside this, type A trichotecene DAS was found in 6 of tested samples,
and ochratoxin A and in 1 sample. Clinical picture and damages varied depending on
mycotoxins' concentrations and poutry age.

To exceede this problem in animal production we tried to use the organic and anorga-
nic mycotoxin adsorbents as aditives of poultry feed, but the results were not satisfactory
enough. So, we resumed that if we really want to resolve problem of mycotoxins we have
to start from the field production of poultry feed components.

KEY WORDS: DAS, ochratoxin-A, poultry fodder, T-2 toxin

INTRODUCTION

Integral fodder mixtures used for poultry nutrition have high percentage
of vegetable originated components which can be contaminated by myco-
toxins, the influence of which can be more or less detrimental to animal or hu-
man organism. By this time, more than 1,100 different fungi species are
known, of which more than 220 have the ability to generate over 330 different
mycotoxins. Mycotoxins are respectively simple, low molecular, thermostable,
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aliphatic and cyclical compounds with several carbon atoms. Depending on
their chemical structure, mycotoxins taken into an organism may cause syste-
matic effects and result in degeneration of certain organs or organic systems.
Most of the mycotoxins have immunosuppressive effects due to their toxic in-
fluence over immune system, on one hand, and decreased and disordered pro-
tein synthesis on the other. Mycotoxins having been ingested enter the intesti-
ne and are discharged via faeces, often chemically modified. Mycotoxins ab-
sorption proceeds in small intestine. Certain part of absorbed mycotoxins reen-
ters intestine along with bile, and only the remaining, usually smaller amount,
enters systematic circulation, reaches predilectional organs and is consequently
discharged via egg or urine after partial metabolism (G e d e k, Brigite, 1980;
L e i b e t s e d e r, J., 1981). Problem of mycotoxins has been actualized for the
last twenty years due to factors created as a consequents of farming policy
changes (H a l a m a, A. K., 1982), due to food production technology changes,
intensified poultry production, high productive hybrid usage, both in agricultu-
ral and poultry production (B r a u e r, J., 1982). In further exposition factors
that actualized mycotoxins' problems, especially in poultry production, will be
outlined.

Crop production. Not obeying the basic agrotechnical standards (crop ro-
tation, inadequate mechanical land cultivation, introduction of heavy equip-
ment in the process of land cultivation). Insisting on those cereal sorts that ha-
ve high yield, and sensitive grain highly perishable while still in the ground
(especially perishable are its embryonic parts-germs), leads to frequent appea-
rance of the grains with undamaged endosperm, but with severely rotten germ.
The damage of the shell and cereals' grains by means of mechanical devices is
highly present with those sorts with sensitive grain. Mechanical damage can
occur mainly when harvesters or pickers are used, particularly if the rollers are
not properly set. The same mechanical damage is caused by cereals' elevation
during the process of artificial drying. A grain can be damaged by insects, as
well as with the work of unfavorable environmental factors. Usage of nitrogen
fertilizers in large amounts, influences Fusarium to generate toxins (W o l f,
Hanna, 1987).

Crops storage. Mechanical damage of grains can occur during the act of
grain unloading into the elevators, particularly during the elevation into the up-
per strata of grain elevator. If the grain elevators are not constructed properly
and if the food within is mouldy, big, heavy clots, sometimes heavier than
100kg, are created. At the same time, rise in temperature of the mixture can
occur, due to the process of fermentation, pertinent to the mould growth and
toxin creation. This moment is of vital importance, because when the fungi ap-
pear in normal conditions (meaning ordinary number per cm2) they use pri-
mary metabolism. It has been proved that metabolites created during the
primary metabolism of some fungi species even lower the toxic rate of certain
mycotoxins. The cause of such situation is still unknown. When a fungi popu-
lation reaches the certain magnitude per cm2, that is when it has become thick
enough, secondary metabolism is activated and mycotoxins synthesis begins
( K r a l j, M. et al., 1988). It appears that moulds fight for nutritive substratum
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in such way; in other words, it seems as if mycotoxin production were one of
the biological struggle for survival.

Fodder production. Construction of fodder factories with large produc-
tion capacities and stock space of their own, contributed to the process of
poultry production intensification. However, the risk increased that, entering
the process of contaminated raw material production, the problem caused by
consumption of food with high mycotoxin concentration, may appear in larger
amount and in greater area.

Fodder transportation. Constantly being on the move and being emptied
daily, tank trucks used for food transportation do not represent such a frequent
way of food contamination with mould, that is with mycotoxins. Nevertheless,
it may happen, if a food cargo transported is mouldy and some of it remains
in the tank or in discharge hose, that it will consequently contaminate healthy
food. That is why it is obligatory to inspect through the cell openings, after
each discharge, if there is some food leftovers stuck to the cell walls. It is un-
derstandable that hoses must explicitly be cleaned for any food remains. I,
personally, find it necessary to disinfect tanks once a month by some of the
chlorine preparations.

OCHRATOXICOSES

Ochratoxin-A is a derivate of dihydroisocumarine. Besides ochratoxin-A
ochratoxines B and C are isolated. These mycotoxins were discovered in 1965
in South Africa as a result of toxicological research of a larger number of
Asperagillus ochraceus. Later researches proved that Penicillium verrucosum
is also a significant producer of ochratoxin and that it can be produced by so-
me other Aspergillus and Penicillium genus. Aspergillus species produce ochra-
toxin only if humidity and temperature are high enough, while certain Penicil-
lium species can produce it even at lower temperatures (even at +5°C) (G r a -
v i t s, R., S a l y i, G., 1988).

Consumption of ochratoxin-A rich food can cause severe dehydration
with chicken, decreased growth, anorexia, deficient conversion, diarrhea, par-
chedness, while with laying hen further symptoms appear: lower egg produc-
tion, larger number of stained eggs with thin, rubber shell and decrease in
laying eggs. Higher percentage of dying embryo has been noted. The section
shows hemorrhage in the glandular area of the stomach, severe renal uricosis
with white urate deposits all over the body cavity and inner organs (visceral
uricosis). Ochratoxin-A has cancerous, genotoxic, immunosuppressive and im-
munotoxic features and affects protein synthesis, and it can cause blood ves-
sels damage along with exudative diathesis. It has been proved that it adver-
sely affects the amount of passively acquired SN antibodies for IB virus
( E l - K a r i m, S. A. et al., 1991). Ochratoxin-A can diminish amount of gam-
ma globulin even to 38%, as a result of immune system damages, which
explicates higher frequency of aerosacculitis and lower response to vaccination
(M a z i j a, H. et al., 1991). Ochratoxin causes decreased bone mineralization.
Value of ochratoxin-A in human medicine is significantly less studied, though

199



there is a widely accepted hypothesis about the role of this mycotoxin for
etiology of Balkan endemic nephropathy with people from Serbia, Romania
and Bulgaria, as well as the chronic intestinal nephropathy with people from
Tunisia (K r a l j, M. et al., 1988). It is vital to mention that another mycotoxin
belongs to the group of nephrotoxins and is called citrinin, which is often fo-
und in contaminated food along with ochratoxin-A.

TRICHOTECENOTOXICOSES

Trichotecenes are products of secondary metabolism of fungi from Fusa-
rium, Trichotecium, Cephalosporium, Myrothecium and Stachybotrys genus.
More than 150 mycotoxins, belonging to this group, are known today. Fusari-
um species belong to the group of so called 'soil moulds' the reason being that
they find the arable land very propitious for their survival and growth (G r a -
v i t s, R., S a l y i, G., 1998).

With trichotecenic mycotoxicoses further symptoms can be observed: the
loss of weight, vomiting, tachycardia, hemorrhage, edemas, skin necrosis,
especially around the mouth and in it, necrosis of the tip of the tongue, hemo-
rrhages in epithelium of the stomach lining, in small intestine, infarct in
parenchymal organs, damages of hematopoietic organs, hemorrhage within me-
ninges and, consequently, neuro disorders (M u l l e r, Th. et al., 1987).

Trichotecenes inhibit DNA and protein synthesis and because of that have
a strong immunosuppressive effect. Besides, they can cause cell damages
particularly of the actively dividing ones (thymus, lymph glands, testis, intesti-
ne, milt). Trichotecenes cause acute hepatic dystrophy with hemorrhages. T-2
toxin is strong irritant and causes necroses of proventriculus' mucosa, of the
muscular part of the stomach, and of epithelium feather follicle. Smaller amo-
unts of trichotecene, result, along with the loss of weight, in feathering disor-
der and flock unhomogeneousness. DON taken clean and in large amounts af-
fects neither food consumption nor broiler growth, that is it affects neither egg
production nor their quality when laying hen are concerned. On the other
hand, according to some authors, DON produces the process of yolk retraction
to run late, which precipitates decreased vitality of chickens. Some authors ha-
ve published that DON concentration of 0,50 mg/kg effected wet extremities
(legs) with laying hens of heavy line (G r a v i t s, R., S a l y i, G., 1998).

Humans and animals can get poisoned via ingestion of contaminated
food, via skin or inhalation. When a chicken takes a larger amount of T-2
toxin, it reaches the highest concentration in liver in 2.5—3 hours, but already
in 4—5 hours it is out of the organ.

In 2000, broiler poisoning was registered in Hungary. A small flock of
broilers was in question where 78 out of 300 specimen died, i.e. 26%. Clinical
picture said the following: bristle feather, apathy, mild diarrhea, subcutaneous
edemas and heavy breathing. The section outlined muscular degeneration, nec-
roses in oral cavity and esophagus, lymph tissue (Bursae fabricii and Thymus)
atrophy, as well as heavy kidneys nephrosis. At the first stages of the disease,
the cause was unfamiliar. The food having been changed, clinical picture beca-

200



me stable respectively and later fodder analyses demonstrated that the food
contained T-2 toxin with 2.5 mg/kg concentration (B i t a y, Z. et al., 1981).

During the same year broilers in Scotland had the same clinical picture of
T-2 toxicosis characterized by loud piping, strong vexation, running to and
from, pecking the walls. Further on, certain number of chickens started to
form groups, while the rest of them stood individually being pecked by other
chickens, especially being pecked over their feet that had dry necroses and
relinquished a finger, respectively. Their liver was enlarged with augmented
gallbladder. Decreased feathering was noted, as well as thickening of cartilagi-
nous discs in limbs. With those chickens that grouped themselves quaver,
ataxia, uncoordinated movements, loss of getting up reflex and, consequently,
exitus were observed (R o b b, J. et al., 1982). Stachybotryotoxin is a product
of the secondary metabolism of Stachybotrys alternans mould. This mould li-
ves as saprophyte on necrotic parts of plants, which are rich in cellulose. The
most important of these toxins is satratoxin-N which is five times more toxic
than T-2. Strachybotryotoxicosis is noted in almost all animals, as well as in
people (in 1944 described as alimentary aleuky) (K r a l j, M. et al., 1988).
Acute course is followed by depression, ailment, loss of weight, ataxia, and
abrupt death. Chronic course is characterized by necrosis and appearance of
pseudomembranes all over oral lining and tongue, and over digestive tract,
respectively. A case of strachybotryotoxicosis has been described in Hungary,
within broilers aged 3 weeks when in a flock counting 15,000 pieces 0.6% of
them died (G r a v i t s, R., S a l y i, G., 1998). The skin of the scalp, crest and
neck, as well as of the legs was erythematic, infiltrated with serum, while sur-
face necroses with necrotic areas of variable areas respectively appeared. He-
morrhages and diphtheric layers with necroses occurred even on the lining of
the beak and muscular part of the stomach.

MATHERIALS AND WORKING METHODS

Only two years afer the great expansion of “AGROŸIV" company, it was
evident that mycotoxins have the great impact on all segments of poultry pro-
duction. During that year, we were for the first time faced up with problems in
poultry fattening. It was not possible to explain the present problems only by
bacterial and viral infections, so we assumed that there is another reason for
the observed clinical picture. From that time we started to pay more attention
on contamination of poultry feed with mycotoxins. In the four years' period,
from 1988 to 2002, 57 samples were analyzed for the presence of mycotoxins.
Mycotoxicological investigations revealed the presence of T-2 toxin in 19
samples in concentrations less than 0.3 mg/kg, in 18 samples in concentration
of 0.5 mg/kg, and in 3 samples 1.0 mg/kg. Beside this, type A trichothecene
DAS was found in 6 of tested samples, and ochratoxin A and in 1 sample. Cli-
nical picture and damages varied in dependence on mycotoxins' concentrations
and poutry age.
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RESULTS AND DISCUSSION

T-2 toxicosis

For broiler production mycotoxins from the group of trichotecenes were
the most interesting, first of all T-2 toxin and DAS. Clinical picture and dama-
ges varied depending on mycotoxins'concentrantions and poultry age. Since
the most of the specimen sent to be analyzed referred to starter, it was evident
that one-day old chickens and starter chickens were the most sensitive.

Fourteen-day old chickens and 0.5 mg/kg T-2 toxin concentrations. Fi-
ve-day old chickens, that is six-day old chickens clinically seem normal. The
only fact that can be observed is that till the third day of their life chickens lo-
se interest in food, start to rummage through the food and pick by beak those
components of food that suit them (note: the size of food particles is appropri-
ate to technology). After this unapparent period, the first clinical signs appe-
ar-chickens form groups around hand feeders and under the heaters. Thinking
that they were cold, we tried to raise the temperature in the room for 1—2°C,
but the results were not satisfying enough. Soon after that mild diarrhea appe-
ars. About 5% of chickens suffers from neuro disorders, such as the lost of ri-
sing reflex. Morbidity is present in 20% and mortality in 1—3%. Average
body weight of the chickens during the test measurement is by, approximately,
40% lower than the technological one (90 g). With the chickens that died du-
ring the peracute period pathologic-anatomic test is very often negative. Cata-
rrh enteritis can be observed sometimes. During the subacute and chronic pe-
riod, with those chickens that have lost their rising reflex and the ability to
walk, section displays kidney changes shaped as one strong nephrosis, which
can be manifested via renal or visceral uricosis. Hemorrhages in glandular area
of stomach along with necrosis of cuticula of the muscular part of stomach can
occur as a consequence of thirst.

Fourteen-day old chicken and 1 mg/kg T-2 toxin concentrations. Two-
-day or three-day old chickens appear normal. However, already after 24 hours
lower food consumption is observed. After this unapparent period very intensi-
ve chicken grouping occurs, which cannot be explained by the low temperatu-
res in the room. Risen temperature had no effect. Consequently, profound dia-
rrhea is noted. During 24 h the spreading becomes so wet on those places
where the grouped chickens were located that damp reaches the conceit. The
chickens seem as if they were scald. Down covering neck, scalp and orbital ar-
ches thins. Around 30% of the chickens gain neuro disorders such as loss of
the rising effect. Certain specimens even lose pecking reflex. Other neuro di-
sorders like one-sided, seldom both-sided, paresis and paresis of wings and
legs appear. Morbidity is 60%, approximately, and mortality 3—6%. Average
body weight of the chickens, during the test measurement that was undertaken
for seven days, was by approximately 60% lower than the technological one
(around 70 g).

The pathologic-anatomic results are similar to those when the concentra-
tion of T-2 toxin was lower than 0.5 mg/kg; only the changes were more obvi-
ous. Subcapsular hematomas in liver, fatty liver dystrophy, dilatation of gal-
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lbladder and hemorrhage on kidneys are evident (peracute period). During the
subacute and chronic period, kidneys demonstrate mild changes indicating
fatty dystrophy, kidneys are hypertrophic, filled with urate, and if the process
lasts longer severe renal or visceral uricosis occurs. Hemorrhages on Burse Fa-
bricii plica and milt atrophy are noted.

Fourteen till fifty-six-day old chicken and 0.25—1 mg/kg T-2 toxin con-
centrations. Clinically, with chickens seven to fourteen days old weaker food
consumption can be observed, weaker feathering, along with chicken disinte-
gration according to average egg weight, which is some 10—20% below the
technological one. The section outlines catarrh enteritis, hemorrhage at the jun-
cture of esophagus and glandular stomach area. Sporadically, erosions are tra-
ced in muscular stomach area. Liver is still fatty dystrophic and hypertrophic
with pale stripes originated as a consequence of ischemia and rib pressure over
the area. Subcapsular hematomas are observable. Gallbladder is dilated and en-
larged 2—3 times. Necroses of the tip of the tongue are present with older
poultry that consummated T-2 toxin rich food for a longer period of time. This
necroses is sometimes so strong that the tip of the tongue becomes cleft (sna-
ke's tongue). Atrophy of thymus, milt, and B. Fabricii is noted. Those chic-
kens that had consummated contaminated food were more prone to get fibrous
aerosacculitis compared to those that consummated trichotecene free food. It is
noted that T-2 toxin and DAS have cumulative impact. After serological blood
research on the virus of New Castle disease, via method of hemagglutination
inhibition, bad immune response to vaccination is recorded. However, we have
observed that the immunity of those chickens from the rooms where the food
was previously healthy and their immune system good, did not deteriorate
even when the chickens consumed trichotecene rich food. This leads us to
conclude that trichotecenes do not affect already created immunity.

OCHRATOXICOSES

So far we had the opportunity to detect ochratoxin at the lower boarder
of allowed concentration in one food sample. The chickens were eleven days
old and the first clinical sign that something was arising was larger water con-
sumption and appearance of whitish diarrhea, that is the presence of watery
substance, admixed with urates over the spreading. Thinking that the reason
for that was increased food salinity, we sent the sample urgently to be tested.
The amount of traced NaCl was even lower than the recommended one for
that chicken category. It was only then, when we demanded mycotoxic ana-
lyses to be done. The food was removed from the premises for 24 h, and was
mixed with other food stocks until laboratory results appeared. In the food
sample ochratoxin was traced. Its concentration was 0.25 mg/kg. Direct dama-
ges from consumption of such food were not enormous. During that year epi-
zoologic situation was fairly unfavorable since we had the IB virus present.
The chickens were vaccinated against IB on the first and seventeenth day of
their life. On the premises where ochratoxin rich food was consumed, clinical
manifestation of the illness appeared.
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CONCLUSIONS

Based on previously stated facts, further conclusions can be drawn con-
cerning mycotoxicoses:

1. Mycotoxicoses have been known as causes of certain illnesses, or, per-
haps it would be better to say, symptoms of certain illnesses, for more than a
few hundred years.

2. Diagnosis of mycotoxicoses is very complex and includes thorough
anamnesis and unspecific clinical picture that characterizes all mycotoxicoses.
Evident in development disorders, lower production capacities with animals,
and only in those cases of timely long consumption of food with extremely
high mycotoxin concentration, exitus can occur. Uncontagiousness of myco-
toxicoses, abrupt betterment in health of the ill animals and return of produc-
tion to technological norms based solely on food change, without treatment,
are safe data for final diagnosis establishment.

3. The most frequent mycotoxins carriers are crops, especially harvest
remnants, oil industry waste and warehouse food remains.

4. Mycotoxicoses, when occuring in large systems such as 'Agroÿiv'
company, can cause major problems both by means of increased mortality and
by decreased production results. Qualified personnel that lead this production
sector had realized that beforehand, and there have been several years since we
have started fighting this battle. We opted for the situation where mycotoxins
our fodder. This is achieved via appropriate agro technical measurements ap-
plied in the fields, and certain precautions are undertaken even in the fodder
factories and farms. A thorough analysis of the row materials of foreign origin
is done. Quality of our raw materials is more or less known to us, so that we
can decide by ourselves what to give to which animal species and category.
This way of work resulted in betterment of production results that can be
equally measured with the world.
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Rezime

U kompaniji „Agroÿiv" Panåevo smo dve godine nakon ekspanzije kompa-
nije — 1998. god. shvatili znaåaj koji mikotoksini mogu imati u svim segmen-
tima naše proizvodwe: poåev od odgoja roditeqa teške linije, preko wihove
eksploatacije pa do finalne brojlerske proizvodwe. Te godine smo se prvi put
susreli sa problemima piliãa u tovu åiju etiologiju nismo mogli da objasnimo
samo bakterijskim i virusnim infekcijama, nego smo pretpostavqali da posto-
ji još neki åinilac koji je iskomplikovao kliniåku sliku. Tada je poslat i pr-
vi uzorak hrane radi ispitivawa na sadrÿaj mikotoksina. U periodu 1998—
2002. god. poslato je 57 uzoraka hrane radi ispitivawa na sadrÿaj mikotoksina.
U 19 uzoraka je utvrðen T-2 toksin u koncentraciji < 0,3 mg/kg. U 18 uzoraka je
naðena koncentracija T-2 toksina od 0,5 mg/kg, a u 3 uzorka je naðena koncen-
tracija od 1 mg/kg. U 6 uzoraka hrane je osim T-2 toksina bio prisutan i DAS.
U jednom uzorku hrane bio je prisutan i ohratoksin. Kliniåka slika i štete su
varirali u zavisnosti od koncentracije mikotoksina i starosti piliãa. U bor-
bu protiv mikotoksina smo krenuli sa dodavawem razliåitih organskih i neor-
ganskih adsorbenata, ali smo time uspeli samo da delimiåno rešimo problem.
Shvatili smo da borbu protiv mikotoksina moramo da povedemo na širokom
frontu, u svim segmentima proizvodwe, a da je moramo poåeti u ratarskoj pro-
izvodwi — na samoj wivi.
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INFLUENCE OF ORGANIC ACIDS AND
ORGANOCHLORINATED INSECTICIDES ON

METABOLISM OF SACCHAROMYCES CEREVISIAE

ABSTRACT: Saccharomyces cerevisiae is exposed to different stress factors during
the production: osmotic, temperature, oxidative. The response to these stresses is the adapti-
ve mechanism of cells. The raw materials Saccharomyces cerevisiae is produced from, con-
tain metabolism products of present microorganisms and protective agents used during the
growth of sugar beet, for example the influence of acetic and butyric acid and organochlori-
nated insecticides, lindan and heptachlor, on the metabolism of Saccharomyces cerevisiae
was investigated and presented in this work. The mentioned compounds affect negatively
the specific growth rate, yield, content of proteins, phosphorus, total ribonucleic acids. The-
se compounds influence the increase of trechalose and glycogen content in the Saccharo-
myces cerevisiae cells.
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INTRODUCTION

The production of Saccharomyces cerevisiae is quantitatively and econo-
mically the most important microbiological production which is commercially
exploited (S t e w a r t, 2002). The production of Saccharomyces cerevisiae (ba-
ker's yeast, with 69—72% of water) is about 2,0 x 106 t and about 20.000 t of
dry active instant yeast (with 90—94% of dry matter) (R o s e, 1979). Molas-
ses is the main raw material for the production of Saccharomy cerevisiae
( A t h n a s i o n, 2003). The composition of molasses is very complex and de-
pends on composition of sugar beet, year of production, applied agents for su-
gar beet protection during the cultivation and technological process of sugar
production (P e j i n, 1989). The main component of molasses is saccharose
(about 50%). Molasses contains further a number of materials originating from
sugar beet: betain, aminoacids, vitamins and mineral matters. As great number
of microorganisms is present in molasses, their metabolism products like nitrits
and lower organic acids (formic, acetic and butyric) may be found in molasses
also. F a t t o h i (1994) reported the presence of acetic (119—260 ppm) and
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butyric acid (28 to 104 ppm) in molasses. These metabolism products of mic-
roorganisms are known as inhibitors of growth and quality of baker's yeast
( O l b r i c h, 10956; Z a u n e r et al., 1979; F i e d l e r, 1981). The mentio-
ned investigations were performed under anaerobic conditions. In our work the
growth of baker's yeast in the presence of inhibitors was performed in aerobic
conditions.

Many environmentally important xenobiotic chemicals introduced for in-
dustrial and agricultural use are halogenated (D e o et al., 1994). Several
reviews have been published that deal with various aspects of the environmen-
tal fate of halogenated xenobiotics (H a i d e r, 1979; T i e d j e et al., 1987;
R e i n e k e and K n a c k m u s s, 1988). Insecticides (62.7%), fungicides (6.1%)
and hercbicides (32.4%) are used for the protection of sugar beet, one of the
agricultural cultures (Š o v l j a n s k i, 1993). 26.8 kg per ha of these agents are
used for sugar beet protection, on the average. For that reason the residues of
agents used for the protection of sugar beet (insecticides and herbicides) were
determined in sugar beet molasses for the last three decades and their influen-
ce on Saccharomyces cerevisiae investigated (S c h i w e c k and H a b e r l,
1973; Z a u n e r et al., 1979). The investigators have found that the concen-
tration of insecticides and herbicides in molasses has no inhibitory effect on
yeast yield, respiration intensity and fermentation ability. S c h i w e c k (1974)
has found that insecticides, akarazides and fungicides inhibit the respiration
intensity of Saccharomyces cerevisiae.

The aim of the work was to investigate the influence of organic acids
(acetic and butyric) and organochlorinated insecticides (lindan and heptachlor)
on the metabolism of Saccharomyces cerevisiae. Nutritive media for the gro-
wing of Saccharomyces cerevisiae were formulated with the same concentrati-
ons of organic acids and insecticides as would have the molasses samples ob-
tained in yeast factories and used for the growth of Saccharomyces cerevia-
siae.

MATERIALS AND METHODS

Microorganism

Baker's yeast Saccharomyces cerevisiae DTN from the collection of the
Faculty of Technology in Novi Sad was used. The pure culture was maintai-
ned on a slant of P a r u l e k a r et al. (1986) medium solidified with 5.5% of
agar, and was stored at 4°C after incubation at 30°C for 48 h. For inoculation
of the fermentor one loopful of stock culture was transferred to 50 ml of P a -
r u l e k a r et al. (1986) medium in a 250 mL Erlenmeyer flask. The culture
was incubated with orbital shaking at 3.3 Hz at 30°C for 24 h before inocula-
tion of the fermentor.

Equipment and fermentation

Fermentation was carried out in a 10 L fermentor (Chemap, Volketswil,
Switzerland), consisting of a top-driver stirrer, a water-cooled condenser on
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the air outlet, and built-in foam, temperature, pH and dissolved oxygen (DO)
control system. Dissolved oxygen and pH were measured with a model 900
DO probe (New Brunswick, NI, USA) and pH electrode (Ingold, UK), respec-
tively. The working volume for all the experiments was 5.0 L. Good mixing
was assured by the rotation of two flat-brade agitators set at 10 Hz. The air
flow rate was 240 lh. Temperature was maintained at 30°C. The fermentor
was equipped with an additional unit (chemostat). In order to achieve the opti-
mal state in the fermentor, every fermentation was first performed with five
exchanges of fermentor content (using nutritive media without and with orga-
nic acids and insecticides).

Substrate preparation

Organic acids (acetic, butyric) and insecticides (lindan, heptachlor) were
added under aseptic conditions to the sterilized liquid media P a r u l e k a r
(1986), and the obtained nutritive media contained 0.00; 0.50; 1.00; 1.50; 2.00
g/L of acetic acid; or 0.00; 0.10; 0.20; 0.30; 0.40 g/L of butyric acid; 0.00;
0.10; 0.20; 0.30; 0.40 �g/L of lindan, and 0.00; 0.02; 0.04; 0.06 �g/L of hep-
tachlor. Acetic and butyric acids, lindan and heptachlor were od analytical gra-
de, Spelco, Pennsylvania, U. S. A.

Analytical methods

During continuous cultivation, samples of yeast were taken for the deter-
mination of dry matter (P o r r o et al., 1988), of trehaloze and glycogen
( T r e v e l y a n and H a r r i s o n, 1956), proteins (B r o n n, 1986), and con-
tent of total ribonucleic acids by the method of S e i n et al. (1969). On the
basis of determined dry matter content of yeast during growth and multiplica-
tion and used sugar, the yields on sugar were calculated (D a w i s, 1972).

RESULTS OF INVESTIGATIONS

The influence of acetic acid content in the nutritive media on specific
growth rate, yield and composition of Saccharomyces cerevisiae cells is pre-
sented in Table 1.

209



Table 1. Fermentation parameters and composition of Saccharomyces cerevisiae cell with different
initial content of acetic acid in nutritive media

Acetic
acid g/L

Maximum
biomass

g/L

�*
h—1

Y**
g/g

Proteins
% DM***

Trechalose
% DM

Glycogen
% DM

Total
ribonucleic

acids
% DM

0.00 4.32 0.29 0.495 50.25 4.70 19.95 4.82

0.50 4.18 0.25 0.470 50.00 4.79 19.99 4.76

1.00 4.01 0.21 0.420 49.80 5.20 20.52 4.52

1.50 3.85 0.18 0.390 49.00 5.40 21.60 4.40

2.00 3.03 0.13 0.370 48.70 5.70 22.05 4.35

* Specific growth rate, h—1

** g Dry weight of yeast
g Utilized sugar

*** Yeast dry matter

Acetic acid added to the nutritive media for Saccharomyces cerevisiae
growth, under continuous conditions, has an inhibitory effect on growth para-
meters (specific growth rate and yield). At the same time, the content of prote-
ins and ribonucleic acid is decreasing and that of trechalose and glycogen in-
creasing.

The influence of butyric acid in nutritive media on fermentation growth
parameters and composition of Saccharomyces cerevisiae cells is presented in
Table 2.

Table 2. Fermentation parameters and composition of Saccharomyces cerevisiae cells with diffe-
rent initial content of butyric acid in nutritive media

Butyric
acid g/L

Maximum
biomass

g/L

�*
h—1

Y**
g/g

Proteins
% DM***

Trechalose
% DM

Glycogen
% DM

Total
ribonucleic

acids
% DM

0.00 4.35 0.29 0.495 50.25 4.70 20.01 4.95

0.10 4.25 0.25 0.461 50.01 4.90 21.06 4.80

0.20 4.17 0.22 0.390 49.70 5.05 22.00 4.65

0.30 4.00 0.19 0.375 49.60 5.30 22.90 4.50

0.40 3.90 0.16 0.320 49.00 5.50 23.10 4.25

The quantity of butyric acid added to the nutritive media was ten times
lower than that of acetic acid. Namely, molasses contains butyric acid in
significantly lower concentrations than acetic acid (F a t t o h i, 1994). Butyric
acid (even in such low concentrations) acts like an inhibitor of fermentation
parameters (specific growh rate and yield) and affects the decrease of protein
and ribonucleic acids content and increase of reserve carbohydrates content in
Saccharomyces cerevisiae cells.

The aim of this work was to investigate the effect of lindan on Saccha-
romyces cerevisiae cells. The influence of lindan on fermentation parameters
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and composition of Saccharomyces cerevisiae cells during continuous growth
is presented in Table 3.

Table 3. Fermentation parameters and composition of Saccharomyces cerevisiae cells with diffe-
rent initial content of lindan in nutritive media

Lindan
�g/L

Maximum
biomass

g/L

�*
h—1

Y**
g/g

Proteins
% DM***

Trechalose
% DM

Glycogen
% DM

Total
ribonucleic

acids
% DM

0.00 4.40 0.295 0.495 50.25 4.70 20.02 4.95

0.10 4.35 0.267 0.472 50.25 5.01 20.37 4.72

0.20 4.10 0.250 0.460 49.72 5.30 21.70 4.42

0.30 4.05 0.236 0.390 49.50 5.40 21.80 4.37

0.40 3.98 0.192 0.360 49.30 5.65 22.00 4.25

The fermentation parameters and composition of Saccharomyces cerevi-
siae cells cultivated under continuous condition in nutritive media with diffe-
rent heptachlor concentration are presented in Table 4. The chosen concentrati-
ons of heptachlor in the nutritive media were in accordance with concentrati-
ons in molasses, having in mind that in yeast factories molasses is diluted 8
times.

Table 4. Fermentation parameters and composition of Saccharomyces cerevisaie cells with diffe-
rent initial content of heptachlor in nutritive media

Heptachlor
�g/L

Maximum
biomass

g/L

�*
h—1

Y**
g/g

Proteins
% DM***

Trechalose
% DM

Glycogen
% DM

Total
ribonucleic

acids
% DM

0.00 4.35 0.296 0.495 50.26 4.70 19.99 4.95

0.02 4.29 0.270 0.469 50.25 4.80 20.50 4.72

0.04 4.10 0.252 0.432 49.90 4.99 21.60 4.37

0.06 3.90 0.242 0.390 49.50 5.30 22.30 4.25

DISCUSSION

The addition of acetic acid to the nutritive media (0.00—2.00 g/L) decre-
ases the maximal content of Saccharomyces cerevisiae biomass by 70%. As a
consequence, the specific growth rate (�) is decreased 2.23 times, and the bio-
mass yield calculated on the used sugar decreases also. The obtained results
are in accordance with the results presented by P h o w c i n a et al. (1995).
The acetic acid affected the Saccharomyces cerevisiae cell composition, and
the decrease of proteins and total ribonucleic acids content (the latter being
important for the biosynthesis of proteins). The content of trechalose and
glycogen in the cells increased with the increase of acetic acid concentration in
the nutritive media. The increase of trechalose content in yeast cells can be
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explained by the fact that cells synthesize the trechalose when in inadequate
conditions (J o s e et al., 2000). Trechalose in yeast cells increases stress resi-
stance (J o s e et al., 2000).

Butyric acid affects negatively the maximal concentration of biomass in
the fermentor, even in concentrations 10 times lower compared to acetic acid,
e. g. the specific growth rate and yield of work (production) microorganism
Saccharomyces cerevisiae. Trechalose and glycogen content is higher in cells
cultivated on nutritive media with butyric acid compared to cells cultivated on
nutritive media with acetic acid.

The increase of lindan content in the nutritive media (0.1; 0.2, 0.3 and
0.4 �g/L) decreased specific growth rate (�), content of protein and total ribo-
nucleic acids and yield of biomass. The decrease of proteins can be explained
by the fact that their synthesis depends on ribonucleic acids. The lower the
nucleic acids content, the lower the synthesis rate of proteins (O u r a, 1972).
The increase of lindan in the nutritive media is followed by the increase of re-
serve carbohydrates content (F r a n s o i s and P a r r o u, 2001). The content
of trechalose and glycogen increased with the decrease of growth rate “�".
This finding is in accordance with the results of K u e n z and F i c h t e r
(1972). The increase of trechalose in yeast cells is most probably the reaction
of cells to stress caused by presence of lindan in nutritive media (V a n
D i j c k et al., 1995; P a a l m a n et al., 2003).

The effect (influence) of heptachlor on growth parameters and composi-
tion of Saccharomyces cerevisiae cells was also investigated. The chosen con-
centrations of heptachlor in the nutritive media were in accordance with the
concentrations in molasses, having in mind that in yeast factories molasses is
dilluted 8 times. The increase of heptachlor concentrations in nutritive media
decreases the specific growth rate “�", however, this decrease is significantly
lower compared to the effect of lindan in the nutritive media. The content of
proteins and total ribonucleic acids in Saccharomyces cerevisiae cells decrea-
sed, while the content of trechalose and glycogen increased with the increase
of heptachlor concentration in the nutritive media.

On the basis of the obtained results, it can be concluded that acetic and
butyric acids, and organochlorinated insecticides (lindan and heptachlor), in
concentrations found in molasses, may have an inhibitory effect on fermenta-
tion parameters and the composition of Saccharomyces cerevisiae cells. In that
way, they affect negatively the capacity of yeast factories and also the quality
of the yeast which is offered to the consumers.
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UTICAJ ORGANSKIH KISELINA I ORGANOHLORNIH
INSEKTICIDA NA METABOLIZAM SACHAROMYCES CEREVISIAE

Dušanka J. Pejin i Vesna M. Vasiã
Tehnološki fakultet, Novi Sad, Bulevar Cara Lazara 1

Rezime

U proizvodwi Saccharomyces cerevisiae (pekarskog kvasca) glavna sirovina
je melasa. U melasi se mogu naãi organske kiseline kao produkti metabolizma
mikroorganizama koji se nalaze u woj u vegetativnom ili sporogenom obliku.
Meðu ovim produktima organske kiseline sirãetna i burerna se nalaze u najvi-
šim koncentracijama. Zbog toga je u radu ispitan uticaj sirãetne i buterne ki-
seline na metabolizam Saccharomyces cerevisia u koncentracijama koje se realno
mogu naãi u podlogama za umnoÿavawe u fabrikama za proizvodwu Saccharo-
myces cerevisiae. Sirãetna kiselina je dodavana pod aseptiånim uslovima u ste-
rilne podloge u koncentracijama: 0.00; 0.50; 1.00; 1.5 i 2.0 g/L. Dodatak sirãet-
ne kiseline smawio je maksimalni sadrÿaj biomase u podlozi tokom umnoÿa-
vawa za 70%, tako da se specifiåna brzina rasta smawila 2, 3 puta, što je ima-
lo za posledicu smawewe prinosa biomase na utrošeni šeãer. Sirãetna kise-
lina uticala je na sastav ãelija Saccharomyces cerevisiae, smawivao se sadrÿaj
ukupnih ribonukleinskih kiselina i sadrÿaj proteina, a poveãavao se sadrÿaj
rezervnih ugqenih hidrata trehaloze i glikogena. Buterna kiselina se dodavala
u koncentracijama: 0.00; 0.10; 0.20; 0.30; 0.40 g/L. Najviša koncentracija buter-
ne kiseline u podlozi 0.40 g/L bila je pet puta niÿa od najviše koncentracije
sirãetne kiseline. I tako znatno niÿe koncentracije buterne kiseline inhi-
bitorno su delovale na parametre fermentacije i sastav ãelija Sasccharomyces
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cerevisiae. Lindan je dodavan u hranqivu podlogu u koncentracijama: 0.10; 0.20;
0.30 i 0.40 �g/L, a heptahlor u koncentracijama 0.02; 0.04 i 0.06 �g/L. Sa pove-
ãawem sadrÿaja lindana i heptahlora u podlogama smawivale su se maksimalna
koncentracija biomase, specifiåna brzina rasta i sadrÿaj ukupnih ribonukle-
inskih kiselina, a poveãavao se sadrÿaj rezervnih ugqenih hidrata trehaloze i
glikogena.
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INFLUENCE OF ADDITION OF AMYLASE
PREPARATION TO DOUGH ON FERMENTATIVE

ACTIVITY OF BAKER'S YEAST

ABSTRACT: Dough samples with different content of amylases were investigated,
immediately after mixing and after 7, 14 and 30 days of frozen storage. The obtained re-
sults show that the fermentation time is shorter, both in fresh and frozen samples, when
amylase sample 1 was added, compared to dough without enzymes. The addition of
amylase 2 to dough resulted in minimal decrease of “rising" time, both iz frozen and fresh
dough samples. The rising time of fresh samples was shorter when amylase 3 was added to
dough. The specific fermentative activity of fresh dough samples is increasing by about
10% compared to the control sample, for all amounts of amylase 1 and 2 added to the do-
ugh. The fermentative activity of yeast in frozen samples increased by 5—10%, after kee-
ping of dough with the addition of amylase 1 for 14 days. The specific fermentative activity
of fresh dough samples increased compared to the control, for all amounts of added
amylase 3 to the dough. In frozen dough samples the fermentative activity of yeast decrea-
sed by 10% for all added amounts of amylase 3. Baked goods made of fresh and frozen do-
ugh, prepared with the addition of amylase 1, are better than the ones made of control do-
ugh sample, considering all evaluated parameters.

KEY WORDS: amylase, baker's yeast, fermentative activity

INTRODUCTION

The properties of yeast cells with improved freeze tolerance were investi-
gated and the connection between freeze tolerance and cell composition (con-
tent of trechalose, amino-acids, lipids in cell membrane, level of thermoresi-
stent proteins, respiratory cell capacity) was found (T a n g h e, 2002). S h a -
r a d a n a n a n t and K h a n (2003a) have found that the addition of hydro-
philic gumms (gum arabica and carboxy methyl cellulose) decreases the con-
tent of water in the dough that can be frozen, while the addition of �-carragee-
nan affects negatively the frozen dough. The developed CO2 content in dough
depends on the content of fermentable sugars and amylose activity. Starch is
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hydrolyzed in the presence of amylases and sugars are formed as the result
(maltose and other). The amount of sugars depends on the content of amylo-
lytic enzymes and state of starch in the dough (A u e r m a n L. J., 1988). The
ability of flour water suspension to produce a certain amount of maltose at
certain temperature and certain time is known as the amylolytic activity of flo-
ur. The ripe wheat grain contains practically only �-amylase, while germinated
wheat contains both �- and active �-amylase. Temperature and pH affect the
�- and �-amylase in different way. The optimal activity of �-amylase is at hig-
her temperatures (but is also inactivated). At the same time, �-amylase is more
stable at lower pH values. The lower the pH value, the lower the inactivation
temperature of amylases, especially of �-amylase. The higher the water con-
tent and lower the starch concentration, the lower the temperature of optimal
effect and inactivation of amylase. The inactivation temperature of amylases is
affected by the rate and duration of heating of dough where amylolisys takes
place. The optimal temperature of �-amylase is 62—64°C, in dough made of
Type 850 flour with baker's yeast (pH 5,9), and of �-amylase 70—74°C. The
complete inactivation of �-amylase and �-amylase was 82—84°C and 97—
98°C, respectively . A u e r m a n (1988) reported that certain activity of �-amy-
lase was found in the center of the crumb of bread made of such dough. The
action of enzymes depends on dimensions of flour particles, dimensions of
starch grains and degree of mechanical damage during grinding of grain, e.g.
specific free surface of starch globules, where �-amylase can act. When the
flour particles and starch grains are smaller and more damaged, the flour is
more favourable for action of �-amylase (A u e r m a n L. J., 1988). The addi-
tion of �-amylase to wheat flour increases insignificantly the ability of maltose
production, pointing to slight excess in flour. The addition of �-amylase in the
same amounts, increase several times the ability of maltose production, pro-
portionally to the added amount of �-amylase. Most probably, �-amylase splits
starch to low-molecular dextrins which can be easily transformed to maltose,
under the influence of excess amounts of �-amylase in the flour. The oxidation
of sulphydril group (-SH), present both in �- and �-amylase, decreases signif-
ficantly the activity of these enzymes. The activity of �-amylase depends, to a
certain degree, on primary amino groups.

MATERIAL AND METHODS

Wheat flour, of average quality, usually found at the market, was used for
dough production. No additives were used for control dough samples, while
commercial amylase was mixed into the dough for some trials. The analyses
were performed according to the Regulations on methods of physical and che-
mical analysis for quality control of cereals, milling and baked products, pasta
and frozen products (Yugoslav Official Register 74/88): content of moisture,
ash, proteins, acid value, wet gluten content (K a l u ð e r s k i G., F i l i p o -
v i ã N., 1998), farinographic, extensographic and amylographic characteri-
stics. The fermentative activity of yeast was determined by modified method
for Determination of baker's yeast activity (JUS E.M8.024, Official Register
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SFRJ 56/87). The fermentation time of dough was determined according to
standard method JUS E.M8.020. The differential method was used for expe-
rimental baking; chosen to obtain small bakery goods (100 g) of best quality
under the given conditions. The following parameters of baked goods were in-
vestigated: mass and volume of baked products, height/diameter ratio, circum-
ference. The penetrometric value was determined using the following method:
Use of SUR penetrometer PNR 6 for the evaluation of physical characteristics
of crumb of bread and baked goods. The Dallman number was also determi-
ned (K a l u ð e r s k i , F i l i p o v i ã, 1988). The amount of yeast for mixing
was 2%, calculated on flour, using fresh baker's yeast with 30% of dry matter.
The amount of salt was 1,8%, compared to flour. The amount of added water
depends on the water content of used yeast, and is calculated in such a way
that the water content of dough is constant. Amylases were added to dough,
amylase 1 (recommended for the improvement of volume and freshness of ba-
ked goods, especially in case of frozen doughs) in concentrations 0,008%,
0,014% and 0,02%; amylase 2 (recommended for the improvement of volume,
color and flavor of baked goods), in concentrations 0,002%, 0,007% and
0,012% and amylase 3 (recommended for improvement of flour quality, e.g.
quality of finished baked goods), in concentrations 0,002%, 0,0035% and
0,005%). All dough constitutents were tempered at 35°C, as regulated in the
method used for the analysis of fermentative activity of yeast. The dough was
prepared in the mixer, and after the mixing dough samples were frozen. The
time and conditions of freezing and defrosting were chosen on the basis of the
results obtained during investigations of freezing dynamics (T o p o l i ã, 2004).

RESULTS AND DISCUSSION

The biggest decrease of volume of small bakery goods was found after 7
days of keeping the dough in frozen state (Table 1).

Table 1. Evaluation of small bakery goods without additives

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 101,77 101,75 102,43 99,18

Volume of small bakery goods [ml] 336,67 248,00 228,00 252,00

Height/diameter ratio [1] 0,56 0,55 0,56 0,49

Circumference, O1/O2 [cm] 26,5/27,2 24,2/24,6 24/23,5 23,97/24,37

Penetrometric number 94,7 63,3 48,3 44,5

Dallman number 7—8 8 8 7—8

After 14 days of keeping, the volume of small bakery goods decreased
further by 20 ml, e.g. 32,28% compared to the fresh sample. According to he-
ight/diameter ratio, the form of the small bakery goods was not changing
significantly after 14 days of keeping in frozen state. However, after 30 days
of keeping in frozen state and defrosting, the height/diameter ratio is decrea-
sed. The decrease of penetration value shows that the keeping in frozen state
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affects the rheological characteristics of dough. The Dallman number, rather
uniform in all samples, points to the fact that freezing, keeping of dough in
frozen state and defrosting have no significant influence on shape and distribu-
tion of pores, e.g. appearance of crumb. The addition of amylase sample 1 to
dough, results in an increase of specific fermentative yeast activity in fresh —
nonfrozen samples. The biggest increase was in dough where 0,0014% of
enzyme was added, while different amounts of enzymes did not result in diffe-
rent specific fermentative yeast activity (Figure 1).

In samples prepared with 0,0014% of enzyme, kept at —18±1°C for dif-
ferent period of time, the increase of specific fermentative activity of yeast
was minimal compared to dough samples without enzyme.

Table 2. Evaluation of small bakery goods obtained from dough with the addition of 0,008% of
amylase 1

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 102,00 103,10 102,78 101,43

Volume of small bakery goods [ml] 410,00 268,00 228,00 260,00

Height/diameter ratio [1] 0,57 0,56 0,60 0,55

Circumference, O1/O2 [cm] 28,8/28,6 24,9/25,0 24,5/23,9 24,4/24,7

Penetrometric number 152,2 75,5 51,7 68,5

Dallman number 7 7—8 8 7—8
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The volume of small bakery goods decreases during freezing, keeping at
low temperatures and defrosting. The biggest decrease of volume was found
after 7 days of frozen storage, while the smallest volume was determined in
small bakery goods made of dough kept in frozen state for 14 days. According
to height/diameter ratio, the shape of small bakery goods is not changing
significantly with the exception of small bakery goods obtained from dough
kept in frozen state for 14 days. The same can be concluded on the basis of
the measured circumference. The freezing process affects significantly the pe-
netrometric value, and it decreased almost by 50% in small bakery goods ma-
de of dough kept for 7 days in frozen state compared to small bakery goods
made of fresh dough. Freezing, keeping of dough in frozen state and defro-
sting have no effect on shape and distribution of pores, e.g. appearance of
crumb, as concluded on the basis of almost constant value of Dallman number.

Table 3. Evaluation of small bakery goods obtained from dough with the addition of 0,014% of
amylase 1

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 101,00 102,48 99,93 100,83

Volume of small bakery goods [ml] 430,00 280,00 270,00 270,00

Height/diameter ratio [1] 0,58 0,54 0,56 0,56

Circumference, O1/O2 [cm] 28,4/29,0 25,3/25,4 24,7/25,3 24,7/25,5

Penetrometric number 168,5 85,5 57,8 87,3

Dallman number 7 7 7—8 7—8

The biggest decrease of volume, 34,88%, was registered in small bakery
goods made of dough kept at –18°C for 7 days (Table 3). The time of keeping
at low temperatures has no significant effect on the change of volume of ba-
ked small bakery goods. The biggest change of shape, e.g. smallest “rising"
was registered in small bakery goods made of dough kept for 7 days in frozen
state. Freezing, keeping of dough in frozen state and defrosting have no effect
on shape and distribution of pores, e.g. appearance of crumb, as concluded on
the basis of almost constant value of Dallman number.

Table 4. Evaluation of small bakery goods obtained from dough with the addition of 0,02% of
amylase 1

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 100,85 103,25 99,48 101,93

Volume of small bakery goods [ml] 450,00 312,00 276,00 260,00

Height/diameter ratio [1] 0,54 0,52 0,52 0,54

Circumference, O1/O2 [cm] 28,5/29,0 26,1/26,3 25,1/25,4 24,7/25,2

Penetrometric number 155,8 85,3 67,7 72,7

Dallman number 7 7 7—8 7—8

Keeping of dough in frozen state for 14 and 30 days affects the volume
of final bakery products and the registered decrease was 38,66% and 42,22%
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respectively, compared to small bakery goods made of fresh dough (Table 4).
The freezing process affects the decrease of circumference of small bakery go-
ods, however, this parameter is not changing significantly with the time of ke-
eping in frozen state. The addition of amylase 2 to dough (Fig. 2) affects the
fermentative activity of yeast in the dough. The fermentative activity increased
in fresh samples, however, the amount of amylase added to the activity of
yeast in the dough. The specific fermentative activity decreased almost to half
of the initial value, for all applied amounts of amylase 2, as the consequence
of freezing process. It was also found that the time of keeping at low tempera-
tures has no or very weak effect on fermentative activity of yeast.

Table 5. Evaluation of small bakery goods obtained from dough with the addition of 0,002% of
amylase 2

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 101,75 103,45 104,90 103,93

Volume of small bakery goods [ml] 320,00 252,00 272,00 240,00

Height/diameter ratio [1] 0,57 0,58 0,57 0,53

Circumference, O1/O2 [cm] 27,5/27,2 24,5/24,5 24,2/24,6 24,4/23,5

Penetrometric number 126,8 69,0 72,2 58,7

Dallman number 7 7 7—8 7—8

The volume of small bakery goods made of dough kept for 7 days at low
temperatures was by 21,25% smaller compared with the volume of small
bakery goods obtained from fresh dough (Table 5). The volume decrease was
smaller in small bakery goods made of dough kept for 14 days in frozen state
compared to the control sample. The height/diameter ratio of small bakery go-

222

Figure 2. Influence of amylase 2 content in dough and keeping time
at –18±1°C on specific fermentative yeast activity



ods made of fresh and frozen dough (kept 7 and 14 days in frozen state) was
rather uniform, confirming that the freezing process is not the cause of defor-
mation of small bakery goods. The freezing process affects significantly the
penetrometric value, and this value decreased by 50% in small bakery goods
made of dough kept for 7 days in frozen state compared to small bakery goods
made of fresh dough. Dallman number is uniform in all samples of baked
small bakery goods.

Table 6. Evaluation of small bakery goods obtained from dough with the addition of 0,007% of
amylase 2

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 102,02 102,98 103,93 103,18

Volume of small bakery goods [ml] 325,00 286,00 284,00 280,00

Height/diameter ratio [1] 0,61 0,48 0,55 0,46

Circumference, O1/O2 [cm] 26,2/26,6 25,3/25,8 24,7/25,0 25,0/25,7

Penetrometric number 114,7 88,2 79,5 73,2

Dallman number 7 7 7 7

The biggest decrease of volume was found in small bakery goods made
of dough kept for 7 days after freezing, and it was 12% (Table 6). Longer kee-
ping of dough in frozen state does not affect the volume of final baked pro-
ducts. According to the change of height/diameter ratio, the biggest deforma-
tion of shape — lowest “rising", was registered in small bakery goods made of
dough kept for 7, e.g. 30 days in frozen state. The freezing of dough, keeping
in frozen state and defrosting have no significant influence on shape and distri-
bution of pores, e.g. form of crumb.

Table 7. Evaluation of small bakery goods obtained from dough with the addition of 0,012% of
amylase 2

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 102,00 100,63 103,73 101,45

Volume of small bakery goods [ml] 350,00 272,00 252,00 250,00

Height/diameter ratio [1] 0,58 0,51 0,56 0,53

Circumference, O1/O2 [cm] 27,7/27,1 25,3/25,4 24,1/23,8 24,3/24,1

Penetrometric number 101,7 58,8 57,3 47,3

Dallman number 7 7—8 8 7—8

During longer keeping of dough in frozen state the volume of baked
small bakery goods is decreasing by 0,07% e.g. 0,01% compared to previously
analyzed samples (Table 7). The shape of small bakery goods is changing rat-
her slightly, as showed by height/diameter ratio. Penetrometric value also
significantly decreased in samples with the addition of 0,012% of amylase 2,
as the result of freezing. Keeping of dough in frozen state has no significant
effect on elasticity and compressibility of crumb.
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The influence of amylase 3 content in dough and time of keeping at
—18+1°C on specific fermentative activity of yeast is presented in Figure 3.
The addition of amylase 3 to dough results in an increase of specific fermenta-
tive yeast activity in fresh samples and this increase is proportional to the in-
crease of amylase amount. In samples with the addition of lowest and highest
recommended concentration of amylase 3, the specific fermentative yeast acti-
vity in all frozen dough samples was lower than of the control sample (with-
out enzymes), independently on keeping time.

Table 8. Evaluation of small bakery goods obtained from dough with the addition of 0,002% of
amylase 3

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 102,00 100,63 103,73 101,45

Volume of small bakery goods [ml] 350,00 272,00 252,00 250,00

Height/diameter ratio [1] 0,58 0,51 0,54 0,53

Circumference, O1/O2 [cm] 21,1/21,1 25,3/25,4 24,1/23,8 24,3/24,1

Penetrometric number 101,7 58,8 57,3 51,3

Dallman number 7 7—8 8 7—8

The volume of small bakery goods made of dough kept for 7, e.g. 14
days after freezing at 18±1°C was by 22,29, e.g. 28,57% lower compared to
the control sample (Table 8). The uniform values of height/diameter ratio of
small bakery goods made of dough kept for 7, 14 and 30 days at low tempera-
tures show that keeping at low temperatures does not result in deformation of
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small bakery goods. However, the difference of height/diameter ratio of frozen
and fresh samples is significant pointing to negative effect of freezing process.
Longer time of keeping of dough in frozen state affects insignificantly the
compressibility and elasticity of the crumb of finished bakery products, as pre-
sented by the minimal change of penetrometric value.

Table 9. Evaluation of small bakery goods obtained from dough with the addition of 0,0035% of
amylase 3

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 101,65 104,30 104,58 101,08

Volume of small bakery goods [ml] 365,00 258,00 258,00 260,00

Height/diameter ratio [1] 0,60 0,53 0,55 0,52

Circumference, O1/O2 [cm] 27,2/27,9 24,4/24,6 24,17/24,6 24,9/25,0

Penetrometric number 114,3 60,2 59,3 57,4

Dallman number 7 7 8 7—8

After 7 days of keeping in frozen state, the volume of small bakery goods
was by 29,31% lower compared to the control samples (Table 9). Longer kee-
ping of dough has no negative influence on the change of volume. The biggest
deformation, e.g. lowest “rising" determined on the basis of height/diameter
ratio, was found in small bakery goods made of dough kept in frozen state for
7 e.g. 30 days. The penetrometric value is decreasing as the result of freezing,
as presented by value measured in small bakery goods made of dough kept for
7 days in frozen state and compared to the control sample. The Dallman num-
ber has the same value in all samples.

Table 10. Evaluation of small bakery goods obtained from dough with the addition of 0,005% of
amylase 3

Evaluated parameter 0. day 7. day 14. day 30. day

Mass of small bakery goods [g] 101,57 105,15 104,83 102,00

Volume of small bakery goods [ml] 380,00 264,00 256,00 256,00

Height/diameter ratio [1] 0,56 0,52 0,56 0,52

Circumference, O1/O2 [cm] 28,0/28,4 24,7/24,9 24,7/24,6 24,9/24,7

Penetrometric number 126,7 65,0 61,0 63,5

Dallman number 7 8 8 8

The biggest decrease of volume was in small bakery goods made of do-
ugh kept for 7 days in frozen state (Table 10). Longer keeping time had no
significant effect on the change of this quality characteristic. The determined
values of height/diameter ratio and circumference of baked small bakery goods
show that freezing affects the change of form in a lesser degree. It was found
that longer storage of dough has no negative influence on elasticity and
compressibility of crumb. The Dallman number is uniform in all investigated
samples.
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CONCLUSION

The fermentation time of fresh and frozen samples was shorter when
amylase 1, 2 and 3 were added to the dough. The specific fermentative yeast
activity of fresh samples increased by about 10% compared to the control sam-
ple, for all added amounts of amylase samples 1, 2 and 3. In frozen samples,
the specific fermentative yeast activity decreased by 10% for all added amo-
unts of amylase 3. All evaluated parameters of baked goods made of fresh do-
ugh containing amylase 1, were better compared to samples made of the con-
trol dough. The characteristics of small bakery goods made of dough prepared
with the addition of amylase 1 are better than of the control sample. Regarding
all evaluated parameters of the baked goods made of dough with amylase 2,
the ones containing 0,007% of enzyme are outstanding. Keeping time of fro-
zen dough containing amylase 2 has no effect on quality of baked goods. The
addition of amylase 3 to the dough does not result in significant improvement
of quality of baked good made of both fresh and frozen dough.
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NA FERMENTATIVNU AKTIVNOST PEKARSKOG KVASCA
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Rezime

Ispitivani su uzorci sa razliåitim sadrÿajem amilaza u testu i to nepo-
sredno po zamesu i nakon 7, 14 i 30 dana skladištewa u zamrznutom stawu. Re-
zultati ovih istraÿivawa pokazuju da se u nezamrzavanim i zamrzavanim uzor-
cima vreme dizawa testa skraãuje dodatkom amilaze 1, u odnosu na testo bez do-
datka enzima. Kod zamrzavanih i nezamrzavanih uzoraka testa, dodatkom amilaze
2 u testo minimalno se skraãuje vreme dizawa testa. Dodatkom amilaze 3, vreme
dizawa testa se, kod nezamrzavanih uzoraka, skraãuje. Specifiåna fermentativ-
na aktivnost nezamrzavanih uzoraka testa poveãava se za oko 10% u odnosu na
kontrolni uzorak, i to za sve koliåine amilaze 1 i 2 dodate u testo. Dodatkom
amilaze 2 u testo, specifiåna fermentativna aktivnost kvasca u zamrzavanim
uzorcima poveãava se za 5—10%, nakon 14 dana åuvawa testa u zamrznutom
stawu. Specifiåna fermentativna aktivnost nezamrzavanih uzoraka testa pove-
ãava se u odnosu na kontrolni uzorak, za sve koliåine amilaze 3 dodate u testo.
Specifiåna fermentativna aktivnost kvasca opada do 10% za sve dodate koli-
åine amilaze 3. Od nezamrzavanog i zamrzavanog testa, u koje je dodata amilaza
1, dobija se pecivo koje je prema svim ocewivanim pokazateqima boqe od peci-
va dobijenog od kontrolnog uzorka testa.
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FERMENTATION TEMPERATURE AND WORT
COMPOSITION INFLUENCE ON DIACETYL AND

2,3-PENTANEDIONE CONTENTS IN BEER

ABSTRACT: Diacetyl and 2,3-pentanedione are important constituents of beer sen-
sory properties. A new GC/MS method for diacetyl and 2,3-pentanedione content determi-
nation was developed. This method was applied for the determination of diacetyl and
2,3-pentanedione contents during beer fermentation (primary fermentation and maturation).
Primary fermentations were carried out at different temperatures (8°C and 14°C). Primary
fermentation temperature had a great influence on diacetyl and 2,3-pentanedione formation
and reduction. Formation and reduction rates increased with the primary fermentation tem-
perature increasment. Diacetyl and 2,3-pentanedione contents also increased with the corn
grits increasment. Fermentations were carried out with Saccharomyces cerevisiae pure cul-
ture, specially prepared for each fermentation. This GC/MS method for diacetyl and 2,3-
-pentanedione determination was valuable for analysing the influence of wort composition
or fermentation conditions such as primary fermentation temperature on their formation and
reduction.

KEY WORDS: corn grits, Diacetyl, fermentation, temperature, 2,3-pentanedione, wort
composition

INTRODUCTION

Diacetyl (2,3-butanedione) is the main aroma constituent of beer (S t e -
w a r t, 1977). The beer has a sweet, nonspecific taste, when diacetyl content
in beer is higher than the flavour threshold and the increased contents result in
buttery aroma. Diacetyl flavour threshold is 0.05—0.10 mg/L (W a i n w r i g h t,
1973; F i x, 1993, S i g s g a a r d, 1994; L i n k o et al., 1998). 2,3-pentanedi-
one is similar to diacetyl, however, the flavour threshold is higher (near 1.0
mg/L) resulting in honey-like aroma (F i x, 1993). Reduction of diacetyl and
2,3-pentanedione is simultaneous with other processes during maturation of
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beer, so it can be considered as an important criterion for maturity level
estimation of a certain beer. The formation and reduction of vicinal diketones
take place in three stages: formation of �-acetohydroxy acids, oxidative de-
carboxylation of �-acetohydroxy acids to vicinal diketones and reduction of vi-
cinal diketones (H a n s e n and K i e l l a n d - B r a n d t, 1996; B o u l t o n
and Q u a i n, 2001). The formation and reduction of diacetyl and 2,3-penta-
nedione are influenced by: yeast strain and growth rate (H a u k e l i and L i e,
1972; W h i t e and W a i n w r i g h t, 1975; E n g a n, 1981; I n o u e, 1981;
B a m f o r t h and K a n a u c h i, 2004), fermentation temperature (E n g a n,
1981; K u n z e, 1998), wort composition and treatment (P o r t n o, 1966; F i x,
1993, L o d a h l, 1993; P u g h et al., 1997; B o u l t o n and Q u a i n, 2001),
aeration and concentration of dissolved oxygen (E n g a n, 1981; M c C a r t h y,
1995; T e n g e and G e i g e r, 2004), pH value (H a u k e l i and L i e, 1971;
P a j u n e n and M a k i n e n, 1975, W h i t e and W a i n w r i g h t, 1975),
infection (E n g a n, 1981, F i x, 1993) and pressure (L i e b s et al., 1970;
S e p e l o v á et al., 2003).

Diacetyl and 2,3-pentanedione quantitative analysis during beer fermenta-
ion is difficult because of their high volatility, low contents and the interferen-
ce of the other matrix compounds such as ethanol and acetoin (M a r t i n e a u
et al., 1994; L a n d a u d et al., 1998). Methods for diacetyl and 2,3-pentane-
dione determination and quanitification include colorimetric (MEBAK, 1993;
European Brewery Convention Analytica — EBC, 1998), fluorometric (M c -
C a r t h y, 1995) and gas chromatographic procedures (M a r t i n e a u et al.,
1994; MEBAK, 1996; European Brewery Convention Analytica — EBC, 1998;
D u p i r e, 1998, H o r á k et al., 2001). Using a GC/MS method for the
diacetyl quanification (M a r t i n e a u et al., 1998), the analysis for 2,3-penta-
nedione was developed (L a n d a u d et al., 1998). Derivatizaton procedure
was also modified.

Because of the complexity of beer composition and in view of the fact
that retention time depends on sample composition and chromatographic con-
ditions, chromatograph with mass selective detector was used. In addition to
retention times this instrument gives also mass spectra of the investigated com-
pounds. Thus, their identification is much more reliable than with other types
of detectors. To determine the compounds that are present at low contents,
which is the case with diacetyl and 2,3-pentanedione, it is necessary to apply a
preconcentration method (for example, solid phase extraction — SPE).

Since the fermentation yields formation of the diacetyl and 2,3-pentanedi-
one precursors, i.e. �-acetolactate and �-acetohydroxybutyrate, to determine
the total potential of vicinal diketones in beer samples it was necessary to
oxidize these compounds to diacetyl and 2,3-pentanedione. In the course of the
experiments it was also necessary to optimize the amount of derivatization
agent (1,2-diaminobenzene) and pH of the samples before transferring them
onto the SPE columns. The effect of different organic solvents used as eluents
of the investigated compounds was also investigated.

In view of the above the aim of the work was to study of the effect of
fermentation temperature and wort composition on diacetyl and 2,3-pentane-
dione contents.
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MATERIALS AND METHODS

Chemicals and supplies

Diacetyl (2,3-butanedione), 2,3-pentanedione, 2,3-hexanedione (for syn-
thesys), 1,2-diaminobenzene and dichloromethane were purchased from Merck
and SPE Octadecyl (C18) columns N° 7020-02, volume 3 mL and packed with
200 mg of octadecylsilane per column were purchased from J. T. Baker.

Gas chromatograph with mass selective detector (GC/MS)
and analytical conditions

The GC/MS analyses were carried out using a Hewlett Packard model G
1800 A GC SYSTEM combined with Hewlett Packard mass selective detector
(range 45—425 Da) with autosampling and autoinjection (Hewlett Packard
6890). The GC separation was performed on a Hewlett Packard 5 MS (methyl
syloxane) column (30 x 0.25 �m and 0.25 �m film thickness). The carrier gas
was helium at constant flow rate 0.8 mL/min. The following GC temperature
program was used: injector and detector temperatures 250°C and 280°C, re-
spectively, initial temperature 50°C, without holding, temperature increase ra-
te: 40°C/min to 200°C, without holding at 200°C followed by 20°C/min to
280°C, and held at this temperature for 7.25 min. The whole cycle lasted for
15 min. The retention times of diacetyl, 2,3-pentanedione and 2,3-hexanedione
(internal standard) derivatives e.g. 2,3-dimethylquinoxaline, 2-ethyl-3-methyl-
quinoxaline and 2-methyl-3-n-propyl-quionoxaline under separation conditions
were: 4.60; 4.90 and 5.20 minutes, respectively. The injected sample volume
was 1.00 �L (in splitless mode). Quantification was performed by referring to
standard curves obtained from the analysis of known diacetyl and 2,3-penta-
nedione contents added to worts. 2,3-Dimethylquinoxaline and 2-ethyl-3-me-
thylquinoxaline peak area ratios to the internal standard were used for standard
curves and quantification.

Determination of diacetyl and 2,3-pentanedione contents
during fermentation

Diacetyl and 2,3-pentanedione contents were determined based on stan-
dard curves performed in aqueous solutions and worts containing 0.0050—
1.0000 mg/L of diacetyl and 0.0050—1.0000 mg/L of 2,3-pentanedione. 2,3-
-Hexanedione was used as internal standard. To achieve precise determination
of diacetyl and 2,3-pentanedione contents in the course of fermentation of dif-
ferent worts, for each wort composition (produced from malt and with 10, 20,
30, and 40% of corn grits) standard curves were prepared under identical con-
ditions as with the aqueous solutions. Diacetyl, 2,3-pentanedione and 2,3-he-
xanedione were derivatized with the aid of 1,2-diaminobenzene, yielding 2,3-
-dimethylquinoxaline, 2-ethyl-3-methylquinoxaline and 2-methyl-3-n-propyl-qui-
noxaline. Internal standard content in all determinations was 0.5000 mg/L.
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Diacetyl, 2,3-pentanedione and internal standard derivatives were extracted by
SPE columns and then measured by GC/MS. The procedure for diacetyl and
2,3-pentanedione quantitative determination was previously described by P e -
j i n et al. (2004).

Fermentation

Ten fermentations were performed: five at 8°C and five at 14°C using the
worts produced from malt and with 10, 20, 30 and 40% of corn grits. Each
fermentation was carried out using pure industrial yeast culture, deposited at
the Chair of Microbiology of the Faculty of Technology Novi Sad. Medium
for the inoculum growth was the wort prepared for each fermentation sepa-
rately, i.e. for the first fermentation the inoculum was propagated on the wort
produced from malt, and for other fermentations the inoculum was multiplied
in the wort containing 10, 20, 30 and 40% corn grits as a substitute for malt.
The wort was prepared according to the method for the determination of malt
extract-Congress mash (European Brewery Convention, Analytica — EBC,
1998). The worts containing corn grits were prepared by replacing part of the
malt with 10, 20, 30 and 40% of corn grits. After adding hops the wort was
cooled, aerated and inoculated under sterile conditions in the EBC fermenter.
After inoculation the count of cells in the EBC fermenter was 107 cells/mL.

Before preparation of wort, malt, hops and corn grits were analyzed for
usual quality technological parameters. During fermentation the following pa-
rameters were determined: real attenuation, colour, pH value and number of
yeast cells. Final beers were analyzed for usual quality technological parame-
ters (European Brewery Convention, Analytica — EBC, 1998).
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Fig. 1. Total ion chromatogram (SIM mode) of diacetyl, 2,3-pentanedione
and internal standard derivatives extracted from fermenting wort
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Fig. 2. Formation and reduction of total diacetyl during fermentation
and maturation (fermentation at 8°C)

Fig. 3. Formation and reduction of total diacetyl during fermentation
and maturation (fermentation at 14°C)
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Fig. 4. Formation and reduction of total 2,3-pentanedione during fermentation
and maturation (fermentation at 8°C)

Fig. 5. Formation and reduction of total 2,3-pentanedione during fermentation
and maturation (fermentation at 14°C)



RESULTS

In Figure 1 there is given the total ion chromatogram of diacetyl, 2,3-pen-
tanedione and internal standard derivatives extracted from fermenting wort.

Diacetyl and 2,3-pentanedione contents during fermentation

In Figures 2—5 there are given the cumulative results for diacetyl and
2,3-pentanedione contents in the course of fermentation at 8°C and 14°C and
maturation at 0°C of the worts produced from malt and with the addition of
10—40% of corn grits.

DISCUSSION

As can be seen from the presented results for diacetyl and 2,3-pentanedi-
one measured during the fermentation at 8°C, the contents of both compounds
increased to the fifth day of fermentation and then decreased to the end of the
fermentation process. With the increase in content of corn grits diacetyl and
2,3-pentanedione contents showed an increase, too. For example, the maximal
diacetyl and 2,3-pentanedione contents in the course of fermentation of the
wort produced from malt were 0.0285 mg/L for diacetyl and 0,0380 mg/L for
2,3-pentanedione, and in the fermentation of the wort with 10% of corn grits
maximal diacetyl content increased to 0.1081 mg/L and that of 2,3-pentanedio-
ne to 0.1425 mg/L. Thus, it can be concluded that the contents increased by
about 3—3.5 times. Further increase in the content of corn grits in the wort
caused an increase in the maximal diacetyl and 2,3-pentanedione contents by
about 10 times compared to those found in the fermentation of the wort produ-
ced from malt. In the fermentation of the wort produced with 30% of corn
grits diacetyl and 2,3-pentanedione contents increased by 15—20 times. The
highest values of diacetyl (0.4933 mg/L) and 2,3-pentanedione (0.6069 mg/L)
contents were obtained in the fermentation of the wort produced with 40% of
corn grits.

The results obtained for diacetyl and 2,3-pentanedione in the course of
fermentation at 14°C show that the contents of both compounds increased to
the third day of fermentation and then decreased to the end of the fermenta-
tion. With the increase in the content of corn grits in the wort, there increased
also the contents of the investigated compounds. Maximal diacetyl and 2,3-
-pentanedione contents in the fermentation of the wort produced from malt
were 0.0558 mg/L for diacetyl and 0.0787 mg/L for 2,3-pentanedione, while in
the fermentation of the wort produced with 10% of corn grits they increased to
0.2475 mg/L and 0.3460 mg/L, respectively, that is the contents increased by
about 6 times. In the fermentation of the wort containing 20% of corn grits the
maximal diacetyl and 2,3-pentanedione contents increased by about 8 times
compared with the fermentation of the wort produced from malt. With the
further increase in the content of corn grits (30%) in the wort diacetyl and
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2,3-pentanedione contents increased by about 12 times compared with the fer-
mentation of the wort produced from malt. The highest values of diacetyl and
2,3-pentanedione contents were obtained in the fermentation of the wort conta-
ining 40% of corn grits (0.6365 mg/L for diacetyl and 0.8192 mg/L for
2,3-pentanedione).

In all fermentation 2,3-pentanedione contents were significantly higher
compared with those of diacetyl. At the end of maturation, diacetyl and
2,3-pentanedione contents were below the flavour threshold (about 0.1 mg/L
for diacetyl and 1.0 mg/L for 2,3-pentanedione).

The increase in the fermentation temperature from 8°C to 14°C resulted
in the increased diacetyl and 2,3-pentanedione contents and these results are in
agreement with the findings reported in the literature (G a r c i a et al., 1994;
L a n d a u d et al., 1998; Š m o g r o v i å o v a and D ö m é n y, 1999).

However, in the available literature no data could be found concerning
diacetyl and 2,3-pentanedione contents in the wort with partial substitution of
malt with corn grits.
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Rezime

Diacetil i 2,3-pentandion su vaÿne komponente senzornih osobina piva.
U radu je razvijena GC/MS metoda za odreðivawe sadrÿaja diacetila i 2,3-pen-
tandiona. Ova metoda je primewena za odreðivawe sadrÿaja diacetila i 2,3-
-pentandiona tokom fermentacije piva (glavne i naknadne). Glavne fermenta-
cije su izvoðene na razliåitim temperaturama (8 i 14°S). Fermentacije su iz-
voðene åistom kulturom Saccharomyces cerevisiae pripremanom za svaku fermen-
taciju. Temperatura glavne fermentacije imala je znaåajan uticaj na nastajawe i
redukciju diacetila i 2,3-pentandiona. Brzine nastajawa i redukcije su se po-
veãavale sa povišewem temperature glavne fermentacije. Sadrÿaji diacetila i
2,3-pentandiona su bili viši sa povišewem sadrÿaja kukuruzne krupice. Naj-
više vrednosti sadrÿaja diacetila i 2,3-pentandiona tokom fermentacija na
8°S dobijene su u fermentaciji sladovine sa 40% kukuruzne krupice (0,4933
mg/l za diacetil i 0,6069 mg/l za 2,3-pentandion). Najviše vrednosti sadrÿaja
diacetila i 2,3-pentandiona tokom fermentacija na 14°S dobijene su u fermen-
taciji sladovine sa 40% kukuruzne krupice (0,6365 mg/l za diacetil i 0,8192
mg/l za 2,3-pentandion). Dobijeni sadrÿaji 2,3-pentandiona bili su znatno vi-
ši od sadrÿaja diacetila u svim fermentacijama. Na kraju svih fermentacija
sadrÿaji diacetila i 2,3-pentandiona su bili niÿi od praga osetqivosti ukusa
(za diacetil oko 0,1 mg/l, a za 2,3-pentandion oko 1,0 mg/l). GC/MS metoda za
odreðivawe diacetila i 2,3-pentandiona je bila znaåajna za analizirawe uti-
caja sastava sladovine ili uslova fermentacije kao što je temperatura glavne
fermentacije.
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INVESTIGATION OF ZINC BIOSORPTION
BY BREWER'S YEAST CELLS

ABSTRACT: The highest amount of zinc (= 90%) is bound after 3 hrs of contact at
low initial (total) concentrations of zinc in suspension of yeast, 10—100 mg/l at 10—30°C.
The equilibrium between bound and free zinc ions is established after 6 hrs of contact time,
independently on the total zinc concentration in yeast milk. No bigger changes of content of
zinc bound to brewer's yeast cells was determined at temperatures 10°C and 30°C. 40% of
bound zinc in the equilibrium state is bound during the first 15 min of contact of zinc ions
and brewer's yeast cells at all initial (total) zinc concentrations in suspension of yeast both
at 10°C and 30°C. The “KEKAM" equation can be used for the description of kinetics of
zinc biosorption by waste brewer's yeast cells, for the ranges of zinc concentration 10—100
mg/l at 30°C (mean correlation coefficient 0,96) and 60,0—100 mg/l at 10°C (mean corre-
lation coefficient 0,95).

KEY WORDS: Biosorption, “KEKAM", waste brewer's yeast, zinc

INTRODUCTION

Biosorption is the capability of dead biomass, mostly of microbiological
origin, to bind and accumulate metals from relatively dilute solutions. Of spe-
cial interest are “industrial" heavy metals for their toxicity in the environment
or metals of technological interest. Regarding the microbiologic biomass, the
ones available in bigger amounts are more important. The activities of indu-
strial fermentation are often connected with the problem of waste removal, i.d.
use of biomass. The biosorption involves the phenomena connected with the
biomass and metal ions, when the concentration of those ions in the media is
higher than physiologically necessary for certain microorganism. Biosorption
is the accumulation of metals without the active binding by cells (V o l e s k y,
1994). The conditions of culture growth may affect the metal uptake capacity
which is for non-living and live yeast cells Zn > (Cd) > U > Cu and Zn > Cu
> (Cd) > U, respectively (V o l e s k y , M a y - P h i l i p s, 1995). Due to the
complex structure of microorganisms there is a number of ways of metal bin-
ding to the cells (V e g l i o , B e o l c h i n i, 1997). Two widely accepted mo-

239



dels of absorption isothermes can be linearized, as recommended by Langmuir
and Freundlich (V o l e s k y, 1994). Both models while capable of describing
many biosorption isotherms can hardly have a meaningful physical interpreta-
tion in biosorption. However, the parameters of these models are not accepta-
ble for the accurate physical interpretation. In addition to equilibrium studies,
the kinetics of biosorption has to be determined in order to establish the time
course of the metal uptake. Rapid uptake of the metal by the biosorbent is de-
sirable providing for a short solution-biosorbent contact time in the actual pro-
cess. The type and dimensions of the contact equipment depend on the contact
time, further directly affecting the total and processing price of the process.
The equilibrium and kinetic characterization of biosorbent material are also
important for the quantitative investigation of its characteristics and for the
process design (V o l e s k y, 1991). Topochemical reactions are localized at the
surface of active centres of solid career. A group of Russian scientists has de-
veloped a global kinetic equiation known as “KEKAM" (Kolmogorov-Erofe-
ev-Kozeeva-Avrami-Mampel), which can describe the topochemical reactions
( A v r a m i, 1939, 1940). The paper presents the investigation of kinetics mo-
del of zinc ion biosorption by waste yeast from brewery (waste brewer's
yeast), in the range of zinc concentration 1,0—15,0 g/l at 10°C and 30°C. The
global kinetic equation which can describe the topochemical reactions “KE-
KAM" was used.

MATERIALS AND METHODS

Waste brewer's yeast, purchased directly in a national brewery, kept at
+4°C, was used for the preparation suspension of yeast. The content of dry bi-
omass of the yeast was determined by drying till constant mass and was
30,8%. The final content of dry biomass in the prepared suspension of yeast
was 20 g/l. Zinc solution, was added to suspension of yeast till the final zinc
concentration amounting 10,0; 20,0; 30,0; 40,0; 60,0; 80,0 and 100,0 mg/l.
ZnSO4 x 7 H2O (Merck) and bidistilled water were used for the preparation of
the solution, which was sterilized by filtration (0,22 sssmm). The percentage
of non-living brewer's yeast cells was determined by microscoping of cells in
0,01% solution of methylene blue. The non-living cells were dark blue colou-
red, while the live ones were non-dyed or very light blue. The percentage of
dead cells was 1,5%, meaning that live cells of brewer's yeast were used. The
pH value of the prepared yeast milk was 4,4—4,6, and was not corrected. This
value enables the presence of zinc in the form of Zn2+ ions in the suspension
of yeast. Aliquots of 50 ml of prepared suspension of yeast with known zinc
concentrations were poored into 100 ml plastic Erlenmayer flasks. Incubation
was performed on the rotary shaker at 30°C and 150 rpm. Lower temperature
of incubation, 10°C, was used for suspension of yeast samples containing
60,0; 80,0 and 100,0 mg/l of total zinc. 5 ml of suspension of yeast samples
were taken for every zinc concentration and incubated 0,25; 0,5; 1; 3 and 24
hrs. Each sample was analyzed in three replications. The samples were filtered
(0,45 sssmm) and the obtained filtrates analyzed for residual zinc content. Wet
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digestion method was used for the preparation of samples in mixture of cc
H2SO4 and cc HNO3 (G o r s u c h, 1970). The zinc content was determined by
atomic absorption spectrophotometry (Varian AA10, Australia). All chemicals
used for atomic absorption spectrophotometry were ultra-pure grade (“Supra-
pur", Merck). The content of zinc bound by brewer's yeast cells (V e g l i o et
al., 1997) is expressed by the equation: q = (C0—Ce) / X, where:

q — content of bound zinc (mg/g d.m.), Co — content of total zinc (mg/l), Ce
— content of free zinc (mg/l), X — content of dry biomass (g/l). The degree
of biosorption of zinc by yeast cells is expressed as (K n e ÿ e v i ã et al.,
1998): � = q/qmax, where: � — degree of biosorption, q — content of bound
zinc (mg/g d.m.), qmax — maximal content of bound zinc to yeast cells as the
value after 24 h incubation (mg/g dm). The linear form of “KEKAM" equation
was used for the processing of experimental data:

ln (-ln (l-�)) = ln k + n ln t

In the ln (-ln (l-�)) — Int system “KEKAM" equation represents a straight li-
ne. The parameters lnk and n can be determined from the cut and slope and of
the given function, respectively.

RESULTS AND DISCUSSION

The kinetics of zinc ions binding by yeast cells is presented in Figure 1,
at different total (initial) content of zinc in suspension of yeast, at 30°C and
10°C. The kinetic curves can be divided into three parts: the first part is linear,

241

Figure 1. Kinetics of zinc ion binding to yeast cells at 30°C



the amount of bound zinc is increasing proportionally with time, the second
part, where the increase of bound zinc amount is very slight and the third —
equilibrium part, when the biosorption is not time-dependent.

The largest amount of zinc ions (= 90%) is bound within the first 3 hrs
of contact, at all initial (total) zinc concentrations in the suspension of yeast.
The equilibrium between the bound and free zinc ions was established after 6
hrs of contact, independently on the total zinc concentration in suspension of
yeast. The change of total zinc content for yeast biomass in the last 24 hrs of
contact was insignificant. The biosorption was also investigated at 10°C for to-
tal zinc concentrations 60, 80 and 100 mg/l in suspension of yeast. The aim
was to determine the influence of temperature on the biosorption of zinc ions
by yeast cells. The results show that the difference between trials at 10°C and
30°C was rather insignificant. This finding is in accordance with literature data
(F a i l l a et al., 1976), which state that temperature range 4—40°C has no
significant influence on biosorption, i.d. binding of metal ions to yeast cells
surface. At all initial (total) zinc concentrations in suspension of yeast, both at
10°C and 30°C, 40% of final uptake of zinc (equilibrium) was bound within
the first 15 min of contact. Figure 2 presents the kinetic curves � = f (t), obtai-
ned by using the experimental results, degree of biosorption and time of con-
tact at 30°C and 10°C, respectively. The kinetic curves are of sigmoidal cha-
racter, and belong to the family of curves with zero initial rate. The presented
kinetic curves are the initial bases for the investigation of topochemical reac-
tions.

The results presented in Figure 3, and the kinetic parameters and correla-
tion coefficients given in Table 1, lead to the conclusion that the linearization
of “KEKAM" equation is acceptable for the experimental results. This means
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Figure 2. Dependence of biosorption level on incubation time of suspension of yeast at 30°C



that the theory of topochemical reactions can be used for the description of
flow of zinc ions biosorption by brewer's yeast cells, in experimental conditi-
ons used during this work. Reproducibility of the “0" samples analyses, ex-
pressed as relative standard deviation (average value) was 3,9%. During the bi-
osorption the analyses reproducibility was not changed significantly.

Table 1. Kinetic parameters, correlation coefficient and standard deviation for “KEKAM" equa-
tion

Range content
of zinc [mg/l]

Temperature of
incubation [°C] k n Correlation

coefficient
Standard

deviation [%]

10,0—100,0 30 1,38 0,588 0,96 3,9

60,0—100,0 10 1,38 0,586 0,95 3,8

Evaluation of the equilibrium sorption performance needs to be supple-
mented by process-oriented studies of its kinetics and eventually by dynamic
continuous-flow tests. The rate of the sorption process, together with the
hydrodynamic parameters, determines the size of the contact equipment. Reac-
tion engineering concepts apply for the experimental approach leading to
expressing the values of key process parameters used for comparative, process
design and scale-up purposes. The most widely used contacting device for
sorption processes is the fixed-bed reactor configuration and its modifications.
The principles and methodology of deriving and evaluating the key process
parameters have been dealt with extensively in the chemical engineering litera-
ture (V o l e s k y, 1994). The values of kinetic parameters for “KEKAM"
equation, for both incubation temperatures, confirm that temperature does not
affect the kinetic of zinc ions biosorption by waste brewer's yeast cells, in the
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Figure 3. Linearized “KEKAM" equation for the range of zinc concentrations
10—100 mg/l at 30°C



mentioned experimental conditions. It is important to mention that the condi-
tions (medium) of yeast culture growth (obtaining of biomass), significantly
affect the “physiological state" of yeast cells influencing further the possibility
of heavy metals binding.2 Therefore, it is difficult to compare the “yield of
biosorption" with the literature data, since it is hardly possible to perform the
trial under the same conditions, as well as to find biomass in the appropriate
“physiological state".

CONCLUSION

The dynamic equilibrium between the free zinc ions in suspension of
yeast and ions bound by brewer's yeast cells is established after 6 hrs of incu-
bation in all zinc concentrations investigated. After 3 h of incubation, for all
total zinc concetrations in suspension of yeast, the (� 90%) of maximal amo-
unt of bound zinc is bound by brewer's yeast cells. No significant change of
bound zinc ions content was estimated in the temperature range 10—30°C, e.g.
in these trial conditions the temperature does not affect the biosorption. The li-
nearization of “KEKAM" equation is satisfactory for the obtained experi-
mental results (mean correlation coefficient 0,96). This means that the theory
of topochemical reactions can be applied (used) for the description of zinc ions
adsorption to brewer's yeast cells in zinc concentration range 10—100 mg/l, at
incubation temperature 30°C. The “KEKAM" equation can be used as well for
the description of kinetics of biosorption for the zinc concetration interval
60—100 mg/l in brewer's yeast cell at 10°C.
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ISPITIVAWE BIOSORPCIJE JONA CINKA
ÃELIJAMA PIVSKOG KVASCA

Siniša N. Dodiã, Stevan D. Popov, Jelena M. Dodiã
Tehnološki fakultet, Bulevar Cara Lazara, 1, 21000 Novi Sad

Rezime

U radu je ispitivana biosorpcija jona cinka ãelijama pivskog kvasca (ot-
padni pivski kvasac iz jedne domaãe pivare) u intervalu koncentracije jona
cinka od 10 do 100 mg/l u suspenziji pivskog kvasca sa koncentracijom suve bi-
omase pivskog kvasca 20 g/l (vrednost pH 4,5), na temperaturama 10°S i 30°S.
Koliåina slobodnog cinka u suspenziji pivskog kvasca odreðivana je atomskim
apsorpcionim spektrofotometrom (Varian A10, Australia). Nakon 3 h kontakta
ãelija pivskog kvasca i jonova cinka, oko 90% ukupne koliåine cinka se veÿe
za ãelije pivskog kvasca i to na obe ispitivane temperature. Ravnoteÿno sta-
we, izmeðu vezanog cinka za ãelije pivskog kvasca i slobodnih jonova cinka u
suspenziji, uspostavqa se nakon 6 h kontakta. U pogledu koliåine vezanog cinka
za ãelije pivskog kvasca nema znaåajne razlike na temperaturi 10°S i 30°S. Na-
kon 15 minuta kontakta za ãelije pivskog kvasca veÿe se oko 40% ukupne koli-
åine cinka prisutne u suspenziji, i to na obe ispitivane temperature. Kineti-
ka biosorpcije jona cinka ãelijama pivskog kvasca, pod uslovima primewenim
u ovom radu, moÿe se opisati „KEKAM" jednaåinom: ln (-ln (l- �)) = ln k + n ln t;
gde je � — stepen biosorpcije jona cinka (odnos koliåine vezanog cinka izra-
ÿene po gramu suve materije pivskog kvasca u nekom vremenu t i maksimalne ko-
liåine vezanog cinka izraÿene po gramu suve materije pivskog kvasca koja se
ostvaruje nakon 24 h kontakta), t — vreme kontakta, k i n — kinetiåki parame-
tri biosorpcije. Primenom navedene jednaåine, u ispitivanom intervalu kon-
centracija jona cinka u suspenziji pivskog kvasca, na temperaturi od 30°S
ostvaruje se koeficijent korelacije 0,96, a na temperaturi od 10°S ostvaruje se
koeficijent korelacije 0,95.
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ACTIVATION OF WASTE BREWER'S YEAST
SACCHAROMYCES CEREVISIAE FOR

BREAD PRODUCTION

ABSTRACT: The waste brewer's yeast S. cerevisiae (activated and non-activated)
was compared with the commercial baker's yeast regarding the volume of developed gas in
dough, volume and freshness stability of produced bread. The activation of waste brewer's
yeast resulted in the increased volume of developed gas in dough by 100% compared to
non-activated brewer's yeast, and the obtained bread is of more stable freshness compared
to bread produced with baker's yeast. The activation of BY affects positively the quality of
produced bread regarding bread volume. The volume of developed gas in dough prepared
with the use of non-activated BY was not sufficient, therefore, it should not be used as fer-
mentation agent, but only as an additive in bread production process for bread freshness
preservation. Intense mixing of dough results in more compressible crumb 48 hrs after ba-
king compared to high-speed mixing.

KEY WORDS: activation, baker's yeast, bread, waste brewer's yeast

INTRODUCTION

Brewer's yeast (BY) as the by-product in brewery ends mostly in waste
waters, both in the world and our country (B a r a s, 1991). The chemical
oxygen consumption of waste brewer's yeast (WBY) is about 5,30 g/l, therefo-
re this by-product is considered to be one of the greatest pollutants of the en-
vironment (K u n z e, 1998). WBY is used as feed, in pharmaceutical industry
(production of ergosterol, enzymes, nucleic acids, amino acids and B group vi-
tamins), in fermentation industry (yeast autolysate as additive to media) and in
food industry (food additive) (P e p l e r, 1970). Due to high content of prote-
ins, B-complex vitamins and minerals, BY is very important in food proces-
sing industry. The flavor of WBY is very bitter and the direct use in food
industry would affect negatively the sensory characteristics of food products.
The bitterness originates from the presence of resin and tannins adsorbed to
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the cell surface, in the fermentation step during beer production (N a n d,
1987). Therefore, the debittering of WBY is necessary before it can be used in
food industry (K u n z e, 1998). No available literature data were found on the
use of waste BY as the leavening agent for dough in bakery industry. Our
brewing industry produces about 6.000 t of waste yeast per year, with cca 15%
dry matter. At the same time, the use of baker's yeast is sbout 50.000 t. It can
be assumed that bakery products of similar quality could be produced with do-
uble portion of BY in the composition of dough. WBY could be used in
bakery industry after appropriate processing. Only 3% of used baker's yeast
would be replaced by waste brewer's yeast, however, the decrease of dumping
problem of WBY would be a significant contribution to environmental protec-
tion. The direct use of debittered BY as dough component does not result in
appropriate effects, so it is necessary to activate the brewer's yeast in suitable
media. The aerobic procedure activates the enzyme complex of BY cells, ena-
bling the fermentation and dough rising (D o d i ã, 2002). The paper presents
the investigation of possible use of WBY (Saccharomyces. cerrevisiae) as raw
material for bread production. BY was compared to commercial baker's yeast
regarding the volume of developed gas in dough and some characteristics of
bread, as final product.

MATERIAL AND METHODS

BY Saccharomyces. cerrevisiae (waste yeast from a domestic brewery)
and commercial pressed baker's yeast Saccharomyces. cerrevisiae with 27% of
dry matter (“Fermin", Senta, Serbia and Montenegro) were used for the inve-
stigations. BY was debittered using 2N solution of NaOH (N a n d, 1987) and
separated by centrifugation, 20 min at 7000 rpm (Westfalia separator). After
the separation, the dry matter content of BY biomass was 27%. In our previo-
us investigations of waste brewer's yeast revitalization for use in baking
industry, the optimization process, which included composition of medium,
process parameters and fermentation technique, was developed. The activation
of WBY for use in bread production, applied in this work, was also defined.
The debittered BY was activated for 45 min in media containing 5% (m/v) of
malt extract (obtained from a domestic brewery, 80% dry matter, out of which
65% of sugars) at 30°C, mixing rate 300 rpm and specific aeration rate 4,5 l/l
min (D o d i ã, 2002). The activation was performed in the laboratory fermen-
tor Chemap-Pec (Mannedorf, Swiss), working volume 10 l. The biomass of
BY was centrifuged for 20 min at 7000 rpm (Westfalia separator) to the final
dry matter content of 27%. The investigated yeasts were: non-activated BY,
activated BY and control baker's yeast. Dough was mixed in farinograph
mixer (Brabender, OHG, Duisburg, Germany), using 100% of white flour, 2%
of salt, 2% of baker's yeast or 8% of non-activated BY or 8% of activated BY
and water in an amount necessary for the achieving of constant dough con-
sistency of 500 FU (farinologic units) after 5 min of mixing. The dynamics
and volume of gas developed in the dough were determined using the fermen-
tograph (Brabender, OHG, Duisburg, Germany) according to the recommenda-
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tions given by the producer. Dough samples (flour 100%, yeast 2%, table salt
2%, vegetable fat 0.7%, and water according to farinographic water absorp-
tion) were prepared using the intense mixing process (mixer Stephan, 100 s,
1400 rpm, dough fermentation in mass 10 min) and high-speed mixing process
(kneading machine DIOSNA, 1 min at 8 rpm and 7 min at 120 rpm, dough
fermentation in mass 60 min). Bread was baked at 230+5°C for 30 min. The
weight of bread was 500 g. Important elements for quality evaluation are: vo-
lume of bread and compressibility of crumb, e.g. freshness stability of bread
for a certain period after baking. Crumb compressibility of bread samples pre-
pared with the investigated yeasts was evaluated on the basis of PN, as the
measure of compressibility, 8, 24 and 48 hrs after baking. The PN of crumb
was determined with SUR Penetrometar (PNR 6) as the mean value of PN de-
termined at 3 places on the cross section of bread (J a n å i ã, B e l e s l i n,
1979). Bread volume was determined by volume meter with millet (Instrumen-
taria, Zagreb, Hrvatska), 24 hours after the baking. All determinations were
performed in triplicate. The standard error and T-test were analyzed. MS Ori-
gin program was used for data analysis.

RESULTS AND DISCUSSION

BY was evaluated on the basis of influence on dough properties and
stability of bread freshness. Dough properties defined by gas developing dyna-
mics (ml CO2) during fermentation were registered on fermentograph, while
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Figure 1. Change of developed gas volume (ml CO2) during fermentation of dough
prepared with different kinds of yeasts



bread freshness stability was monitored on the basis of crumb compressibility
and volume of bread obtained during experimental baking. The fermentative
activity of the investigated yeasts during dough fermentation, registered on fer-
mentograph, are presented in Figure 1.

The increase of developed gas volume (ml CO2) during dough fermenta-
tion was registered for all kinds of investigated yeasts. However, the develo-
ped gas volume in dough prepared with the use of non-activated BY is rather
small, after 30 min and 90 min of fermentation the developed gas volume of
this sample was by 60% e.g. 50% smaller compared to dough prepared with
control baker's yeast. The use of activated BY resulted in significantly increa-
sed gas voume, practically by 100%, in dough prepared with this sample, com-
pared to dough prepared with non-activated BY. Most probably the activation
of BY resulted in shorter or lack of lag phase during fermentation of dough.
The volume of developed gas after 30 min of fermentation of dough prepared
with activated BY is by 10% smaller compared to dough made with baker's
yeast (control), and after 90 min of fermentation the difference was less than
5%. Regarding the technological aspect, the minimal difference in volume of
developed gas during fermentation of dough prepared with activated BY and
control baker's yeast, is no barrier for the use of activated BY in production of
appropriate quality bread. The activation of BY results in the activation of
enzyme cell complex, necessary for the fermentation of fermentable sugars in
flour and development of sufficient amount of CO2 that affects directly and
significantly the quality of dough and of bread, as final product. The quality of
bread samples made with baker's, activated and non-activated BY by intense
and high-speed mixing was evaluated through bread volume (Fig. 2).
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Figure 2. Volume of bread samples made with baker's, activated and non-activated
brewer's yeast by intense and high-speed mixing



Volume of bread samples made applying the intense mixing process, with
activated and non-activated BY was by 15% e.g. 40% smaller compared to
bread made with baker's yeast. The activation of BY results in improved bread
quality, regarding bread volume. Applying the high-speed mixing process and
using the three kinds of investigated yeasts, somewhat lower values were fo-
und for bread volume, in average by about 10%, compared to the bread made
applying the intense mixing process. The activation of BY affects positively
the bread quality in this case as well. The influence of BY use on crumb
compressibility, evaluated by PN of samples determined 8, 24 and 48 hours
after baking is presented in Figures 3 and 4.

The results presented in Figure 3 show that the PN values of bread sam-
ples, 8 hours after baking of dough obtained by intense mixing, and with the
use of activated BY and baker's yeast are similar. On the basis of this finding,
it can be concluded that crumb compressibility of bread made with activated
BY, determined 8 hours after baking, e.g. bread freshness is almost the same
as of control bread prepared with baker's yeast. The use of activated BY in the
high-speed mixing of dough, results in slower decrease of PN, in the period 8
to 24 hours after baking. The PV of control bread decreased by about 45%
and of bread with activated BY by about 30% compared to values measured 8
hours after baking. The slower aging is a very important characteristic of
bread made with the use of activated BY. The analysis of RV change in the
subsequent period (24—48 hours after baking) shows that freshness stability of
bread made with activated BY is significantly pronounced, e.g. the aging of
this bread sample is clearly slower compared to bread samples made with ba-
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Figure 3. Change of PN of bread with time after baking of dough prepared
by intense mixing



ker's yeast. Bread made with the use of non-activated brewer's yeast is charac-
terized by slower aging compared to bread made with baker's yeast. However,
the shortage of brewer's yeast use is the insufficient volume of developed gas
in dough.

The PV of dough prepared by high-speed mixing process, are in average
by 25% lower compared to intense mixing. The PV of bread (8 hours after ba-
king) made by high-speed mixing, with activated BY, is similar to control
bread with baker's yeast. So, the crumb compressibility of bread made with
activated BY and of control bread are almost the same. Bread made with
non-activated BY is characterized by a tougher crumb e.g. aging is more pro-
nounced compared to bread with activated BY and control bread (measured 8
hours after baking). 24 hours after baking, the PV of control bread and of
bread with non-activated BY decreases by about 40%, and of bread with acti-
vated BY by about 30% of the value determined 8 hours after baking. This
confirms the conclusion from the experiment with the use of intense mixing,
i.d. that crumb compressibility is more expressed in control bread compared to
bread with activated BY. In the subsequent period after baking (24—48 ho-
urs), the dynamics of PV decrease is almost the same for all three bread sam-
ples. The biggest crumb compressibility was again found in bread with activa-
ted BY, followed by control bread, and bread with non-activated BY, at the
end. The mean values of developed gas volume in dough were analyzed
(T-test), as well as the standard error of developed gas volume during fermen-
tation (90 min) (Table 1) and of PV, e.g. crumb ST of bread samples prepared
with the investigated yeasts. No significant difference (significance factor 0,05)
was found in developed gas volume during 90 min of fermentation when ba-
ker's yeast and activated BY were used. However, the volume of developed
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Figure 4. Change of PV after baking of bread samples prepared by high-speed mixing



gas during fermentation of dough prepared with non-activated BY is signifi-
cantly different (significance factor 0,01) compared to other two bread sam-
ples. Values of standard measuring error of developed gas volume of dough,
bread volume and PV of crumb are in acceptable range.

Table 1. T-test and standard error (+%) during determination of developed gas volume, bread vo-
lume and PV.

T — test Standard error (±%)

Uzorak

Fermentographic investigation
Intense mixing High-speed mixing

ml
bread

Penetrometric number

ml
breadBaker's

yeast

Activated
brewer's

yeast

Fermentation
of bread

dough (min)
Time after baking (h)

30 60 90 8 24 48 8 24 48
Baker's yeast — — 3,1 3,0 3,4 0,9 2,8 3,0 3,1 2,5 2,3 2,6 0,8
Nonactivated
brewer's yeast ** ** 3,4 3,1 3,3 1,1 2,4 2,9 2,4 2,4 3,0 2,8 0,9

Activated
brewer's yeast NS — 2,9 3,2 3,1 1,2 2,6 2,8 2,2 2,4 2,9 3,0 0,9

All determinations were performed in triplicate.

CONCLUSIONS

On the basis of the analysis of results obtained in this work, the follow-
ing can be concluded: The fermentative activity of debittered BY (from bre-
wery) without activation is not satisfactory in dough compared to commercial
baker's yeast, so this yeast can be used as the additive for bread stability (fres-
hness) improvement. The use of activated BY (45 min in media with 5%
(m/v) at 30°C, 300 rpm, specific aeration rate 4,5 l/l min) results in an increa-
sed developed gas volume in dough by about 100% compared to non-activated
brewer's yeast, but the developed gas volume is by 5—10% smaller compared
to dough made with commercial baker's yeast. The activation of BY affects
positively the quality of bread regarding the volume of the final product. The
use of activated BY in bread production affects positively the crumb ST, e.g.
freshness stability preservation.
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Rezime

Izvršena je ocena otpadnog pivskog kvasca Saccharomyces cerevisae (akti-
viranog i neaktiviranog) u odnosu na komercijalni pekarski kvasac sa aspekta
zapremine razvijenog gasa u hlebnom testu, zapremine i odrÿivosti sveÿine
proizvedenog hleba. Postupkom aktivacije otpadnog pivskog kvasca zapremina
razvijenog gasa u hlebnom testu se poveãava za oko 100% u odnosu na neaktivi-
ran pivski kvasac i dobija se hleb sa postojanijom sveÿinom u odnosu na hleb
sa pekarskim kvascem. Postupak aktivacije pivskog kvasca pozitivno utiåe na
kvalitet proizvedenog hleba i to sa aspekta zapremine hleba. Neaktiviran piv-
ski kvasac ne daje potrebnu zapreminu razvijenog gasa u hlebnom testu i ne mo-
ÿe se koristiti kao sredstvo za dizawe testa nego samo kao aditiv u proiz-
vodwi hleba u ciqu odrÿawa sveÿine hleba. Intenzivni zames hlebnog testa
daje stišqiviju sredinu hleba tokom 48 h nakon peåewa u odnosu na brzohodni
zames.
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MACROELEMENTS AND HEAVY METALS
IN SOME LIGNICOLOUS AND TERICOLOUS FUNGI

ABSTRACT: Considering the importance of Basidiomycotina fungi as bioindicators
and the increasing tendency of air and soil contamination nowadays, content of macroele-
ments: N, P, K, Ca, Mg and Na, and some of heavy metals (microelements): Fe, Pb, Cu,
Cr, Zn in sporocarps of 22 species of macrofungi from National park Frushka Gora was
analyzed in this work. The majority of them are lignicolous species from the class:
Homobasidiomycetes order: Aphyllophorales s. lato and two of them belong to subdivision
Ascomycotina. Special attention was given to the medically important fungal species widely
distributed in this area: Ganoderma lucidum, Ganoderma applanatum, Coriolus. versicolor,
Flammulina velutipes, Meripilus giganteus and Omphalotus olearius. Since fungi uptake
macro- and microelements from the substrate, the soil and tree samples were also analyzed.
The aim of this study was to determine the common concentration data of these elements in
unpolluted area. According to the obtained results, fungi tended to accumulate K, P and N
with lower variability recorded than that for Ca, Mg and Na due to essential importance of
these elements in fungal metabolic processes, independently from ecological group affilia-
tion and habitats. The analysing substrate (wood) contain higher concentration of Ca and Pb
in relevance to fungi. As a result of transfer factors (TFs) that were estimated from the ratio
of “concentration in fungi on dry weight basis" to “concentration in the tree or soil on dry
weight basis" analyzed fungi tended to accumulate Cu and Zn, and partially Cr. Among the
species that accumulate microelements the following species could be emphasized: Meripi-
lus giganteus (exept for Zn), Schizophyllum commune (except for Pb), Ganoderma applana-
tum (except for Fe and Zn). Superaccumulators of Fe were the lignicolous, medically imor-
tant species M. giganteus, G. lucidum, Sch. commune, and tericolous ones: C. atramentari-
us, F. velutipes, and P. vernalis. Good Cu accumalators were tericolous species: Psathyrella
vernalis, Morchella vulgaris, and Coprinus atramentarius, then the species possesing the
rhizomorphs: Armillaria polymyces and Omphalotus olearius, and finally lignicolous speci-
es: Ganoderma applanatum and Pseudotrametes gibbosa. The highest accumulation of Zn
was recorded for the species Schizophyllum commune, while the fungal species expressed
the smallest tendency of accumulation of Pb, except one tericolous, saprophytic species C.
atramentarius. The greatest accumulation of Cr was found in tericolous species especially
C. atramentarius, too.

Statistical cluster analysis classified fungi mostly by location, by which the urban site
is distinguished from the others, where the analyzed tericolous species were found. These
data indicate that the accumulation ability is not only genetically coded, but also influenced
by environmental factors. This data could be used in toxicology, pharmacology and envi-
ronmental protection.

KEY WORDS: Basidiomycotina, bioindication, Frushka Gora, fungi, heavy metals,
macroelements, sporocarps

255



INTRODUCTION

Fungi are ubiquitous in natural environments and important in industrial
processes, which, together with other microbial groups can accumulate metals
and radionuclides from their external environment by means of the physico-
chemical and biological mechanisms. The principal factors influencing the ac-
cumulation of heavy metals in macrofungi are environmental factors (metal
concentrations in the soil and substrate, pH, organic matter, and contamination
by atmospheric deposition) and fungal factors (fungal structure, biochemical
composition, decomposition activity, development of mycelium and sporo-
carps, morphological properties), although physiological mechanisms of its up-
take are still not determined. Fungi are very important in natural cycle of me-
tal ions due to many reasons: they are very good in accumulation of metals
and could be used as bioindicator species of heavy metals in soils (D i e t l et
al., 1987). Due to mycelium, which has great surface of hyphae that could ad-
sorb and accumulate metals, the majority of them (Cu, Zn, Cd) are captured in
fungal biomass in the humus zone. Fungi Basidiomycotina degrade the upper
layer of humus e.g. polyphenolic compounds (lignin, humin acid, fulvic acid,
humin) by enzymes (phenoloxidases) which are responsible for effective bin-
ding of ions by means of ion exchange and forming the chelates. Hence, the
high tolerance against heavy metals can be expected among the fungi that have
the ability of polyphenol degradation (H o i l a n d, 1995).

High concentrations and bioaccumulations of different major and trace
elements were reported in European forests (B y r n e, 1976; G a d d, 1993;
V e t t e r, 1994; K a l a c et al., 1991) and also in Japanese forests (Y o s h i -
d a & M a r a m a t s u, 1996, 1998). Many of them demonstrated that mushro-
oms tended to accumulate Cu, Zn, Rb, Cd and Cs. Kalac et al. observed that
Hg, Pb, and Cu were accumulated by tericolous Lepista nuda and Lepiota rha-
codes. Higher concentrations of Pb, Cd, Zn and Hg are found in macrofungi
(prevalent ectomycorhizal that are in tense contact with roots of wood) from
urban or industrial areas (R ý h l i n g & S ö d e r s t r ö m, 1989; M e l g a r et
al., 1998; F e l l n e r & P e š k o v á, 1995), but also in wood ecosystems,
which are influenced by contaminants. From this point of view lignicolous
fungi have not been examined, probably due to their main role in decaying of
wood substrata. In the present study the mineral concentrations of certain lig-
nicolous and tericolous species were investigated. The aims of this study were:
1) the comparison of fungi on the basis of their mineral content; and 2) to de-
termine whether these species have the availability for bioaccumulation of
micro- and macroelements.

MATERIAL AND METHODS

Fungi and soil sampling: The sporocarps of the investigated fungal spe-
cies were collected from four locations (L1 — Elektrovoyvodina (Irishki Ve-
nac), L2 — Mali spomenik (Irishki Venac), L3 — Zmayevac, L4 — Paragovo)
in the National park Frushka Gora and at one urban location L5 — Ribarsko
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ostrvo. The locations on Frushka Gora are situated within the area under the
first degree of protection, distant from the potential pollution sources (indu-
strial facilities or heavy car traffic). The sampling sites were visited in autumn
1999 and spring 2000. Predominantely sporocarps of species growing on
stumps, fallen logs, tree-stump roots etc. were collected and identified. Species
used in the present study are listed in Table 1. with notes about date, location
and substrate on which they were found. The samples were cleaned by using a
brush and the attached soil and humus were gently removed. They were not
rinsed with water in order to avoid possible loss of part of the elements by le-
aching. After cleaning, samples were air dried, pulverized in a mill and then
dried in a dry-kiln (105°C) to constant mass. Since fungi uptake macro- and
microelements from the substrate, the tree and soil samples were also taken
and prepared following the same procedure like fungal samples. Soil samples
were taken to a depth of 25 cm randomly, covering the surface of approxi-
mately 300 m in diameter and in the centers within locations. At every location
twenty soil samples were taken. These samples were mixed in one composite
sample for each location and air-dried. After removal of stones and plant ma-
terials, the air-dried samples were ground in a mill to pass a 1 mm sieve.

Table 1. Species, location, date, ecology, utility, and habitat of mycelium of investigated lignico-
lous fungi

Species Locality,
date Eco. group Habitat of

mycelium Utility

*Meripilus giganteus
(Pers. ex Fr.) Karst

L1 107.10.99 Ter/Lig/sap soil by stump
Acer */L

*Pseudotrametes gibbosa
(Pers. ex Pers.) Bond. & Sing.

L1 207.09.99 Lig/sap (p) stump Fagus ( )

*Coriolus versicolor
(L. ex Fr.) Quel.

L1 307.09.99 Lig/sap dead trunk Fagus ( )/L

�Ganoderma applanatum
(Pers. ex Wall r.) Pat

L1 307.09.99 Lig/sap dead trunk Acer ( )/L

+Stereum hirsutum
(Wild. ex Fr.) S. F. Gray

L1 307.09.99 Lig/sap (p) dead branch Fagus ( )

�Pholiota squarrosa
(Muller. ex Fr) Kummer

L1 410.10.99 Lig/p (sap) lived trunk Fagus *

�Ganoderma lucidum
(Curt. ex Fr.) Karst

L1 207.09 99 Lig/sap dead trunk Acer ( )/L

*Daedaleopsis confragosavar.
tricolor (Bull.) Bond.

L1 307.09.99 Lig/sap dead branch Tilia ( )

�Armillaria polymyces
(Pers. ex S. F. Gray) Sing.

L2 110.10.99 Ter/Lig/sap base of trunk
Querqus */L

*Daedalea quercina
L. ex Fr.

L2 210.10.99 Lig/sap (p) stump ( )

*Pseudotrametes gibbosa
(Pers. ex Pers.) Bond. & Sing.

L2 310.10.99 Lig/sap (p) fallen trunk
Querqus ( )

*Coriolus versicolor
(L. ex Fr.) Quel.

L2 310.10.99 Lig/sap dead trunk
Prunus ( )/L

+Stereum hirsutum
(Wild. ex Fr.) S. F. Gray

L2 310.10.99 Lig/sap (p) dead brunch Fagus ( )
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�Omphalotus olearius
(D. C. ex Fr.) Sing.

L2 410.10.99 Lig/Ter/sap
(p)

the base of trunk
Fagus ++/L

�Morchela conicavar.
costata Pers. (Focht)

L5 18/4/00 Ter /sap soil, sand **

	Coprinus atramentarius
(Bull.) Fr.

L5 19/4/00 Sap soil, sand *

	Psathyrella vernalis
(Lge.) Mos

L5 19/4/00 Ter /sap soil ( )

�Morchella vulgaris Pers. L5 116/4/00 Ter/sap soil, sand **
�Flammulina velutipes
(Curtis) Karst

L5 39/1/00 Lig /sap dead trunk Salix **/L

*Laetiporus sulphureus
(Bull. ex Fr.) Murr.

L3 427/4/00 Lig/ p lived trunk
Prunus **

�Schizophyllum commune Fr. L1 327/4/00 Lig/sap dead branch ( )/L

Pleurotus ostreatus
(Jacq. ex Fr.) Kummer

L1 327/4/00 Lig/sap dead trunk Fagus **


Panus tigrinus
(Bull. ex Fr.) Singer

L1 327/4/00 Lig/sap dead trunk Fagus ( )

�Panellus stypticus
(Bull. ex Fr.) Karst

L1 327/4/00 Lig/sap dead branch ( )

*Laetiporus sulphureus
(Bull. ex Fr.) Murr.

L4 42/5/00 Lig/P lived trunk Prunus **

•Polyporus tuberaster
(Pers.) Fr.

L4 32/5/00 Lig/sap dead brunch Fagus ( )

Legend: sap = saprophytic species, p = parasitic species, Ter = tericolous species, Lig = lignicolo-
us species, * = edible species, M = medically important, ( ) = not edible, ++ = poisonous, L1 =
species collected on locality 1, L2 = species collected on locality 2, L3 = species collected on
locality 3, L4 = species collected on locality 4, L5 = species collected on locality 5, microhabitat
of mycelium L1 = soil, L2 = stump, L3 = dead trunk, L4 = lived trunk or soil near the lived trunk.
Fungi that are marked Lig/Ter forming rihzomorphs. •Fam. Polyporaceae s. stricto �Fam. Polypo-
raceae s. lato, �Fam. Ganodermataceae, �Fam. Tricholomataceae, �Fam. Stereaceae, �Fam. Pleu-
rotaceae, �Fam. Coprinaceae, �Fam. Strophariaceae, �Fam. Schizophyllaceae, �Fam. Morchella-
ceae, �Fam. Omphalotaceae

Mineralization of mushroom tissue and substrates. Approximately 3 g
aliquots of homogenized dry mushrooms or substrates were weighed to 0.1 mg
accuracy, placed in a porcelain crucible and ashed, first on a stove to total car-
bonization and then in an oven at 425—440°C for 2 h. After cooling, 1 ml
H2O2 was added to each crucible and ashed in oven for 30 min. In each vessel
10 ml 25% HCl was added and slowly heated on a stove to evaporate 1/2 to
1/3 of acid volume. The residues were transferred into a 50 ml volumetric
flasks making up the level with boiling deionized water (S a r i ã et al., 1990).
All samples were performed in triplicate.

Soil. A content of heavy metals was analyzed by atomic absorption
spectrometry (AAS, Varian spectra 600 type). Soil mineralization was done by
the method of A l l o w a y (1995) with HNO3.

Analyses. Concentrations of K were analyzed by flame photometry and
concentrations of P were determined by spectrophotometer. Trace elements
(Pb, Cu, Cr, and Zn) and macroelements (Fe, Ca, and Mg) were measured by
atomic emission spectrometry in the Lab of Physical Chemistry, Institute of
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Nuclear Sciences, Vincha, Belgrade. Direct-current U-shaped arc plasma was
used as the excitation source. A PGS-2 plane grating spectrograph (Carl Zeiss,
Jena) with an attachment for photoelectric detection having a single (labora-
tory-made) exit slit was used as the monochromator. The solution was aspira-
ted by an argon stream through a concentric glass Meinhard type nebulizer and
the aerosol obtained was introduced into the plasma column (K u z m a n o -
v i ã et al., 1996). The original sample solutions were diluted 2.5 times for
mushroom samples and 1.5 times for substrate samples. These solutions also
included a fixed concentration of 0.5% KCl as buffer. The reference and blank
solutions also included the same concentration of buffer.

RESULTS AND DISCUSSION

Contents of ash. Mineral content of fungi could be determined via ana-
lyses of ash mineral content. The soluble fraction was 6.46% (0.70—22.77%),
while the unsolubile fraction was 4.72% (0.32—42.14%). We assume that the
expressed variability in the ash content is determined by the specific species
features, because the same species from different sites have very similar values
(e.g. S. hirsutum, C. versicolor, L. sulphureus). In general, lignicolous species
contain less amount of ash contents then tericolous species which means that
they have less concentrations of mineral elements. Species with rizomorphs (A.
polymyces) had higher ash content then strictly lignicolous ones, due to myce-
lial cords along which the accumulation influx of mineral elements is signi-
ficantly getting stronger than the environmental substrates (aproximately 10 ti-
mes).

Concentrations of macroelements and microelements. The results obtai-
ned are shown in the following figures: Fig. 1 (The content of N, P, K); Fig. 2
(The content of Ca, Mg, Fe); Fig 3 (The content of Cu, Cr); Fig. 4 (The con-
tent of Pb, Zn).

a) Concentrations of macroelements: The fungi expressed the affinity for
the accumulation of K (0.05% in Daedalea quercina to — 6.38% in Psathy-
rella vernalis in average 1.83% d.m.), and P (0.02% in D. quercina — 0.53%
in M. giganteus in average 0.3% d.m.) followed by N (1.43% in C. versicolor
to 5.19% in Morchella vulgaris in average 3.08% d.m.), with lower variability
recorded than for Ca (156.44 mg/kg d.m. in Pholiota squarrosa — 11946.07
mg/kg d.m. in Coprinus atramentarius — in average 2226.85 mg/kg d.m.),
Mg (377.73 mg/kg d.m. in D. quercina to 4531.94 mg/kg d.m. in C. atramen-
tarius — in average 1384.24 mg/kg d.m.), and Na (1.42 mg% in Panellus
stypticus to 120.42 mg% in Omphalotus olearius — in average 15.09 mg%).
This indicates the essential importance of these elements in fungal metabolic
processes, independently from ecological fungal group and habitats, so the
fungal sporocarps contained them in higher concentrations then the substrate
they grow on.

b) Protein content: As a result of the examined N content in analysed
fungal species, the protein content varied from 6.26—22.73%, according to
B r e e n e, 1990. The highest protein content was recorded for edible species:
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Fig. 1. Content of N, P and K on dry mass of analyzed fungal sporocarps (%)

Fig. 2. Content of Ca, Mg and Fe on dry mass in analyzed fungal sporocarps (�g/g)
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Fig. 3. Content of Cu and Cr on dry mass in analyzed fungal sporocarps (�g/g)

Fig. 4. Content of Pb and Zn on dry mass of analyzed fungal sporocarps in (�g/g)



M. vulgaris (22.73%), A. polymyces (22.56%), P. ostreatus (18.57%) and the
poisonous ones O. olearius (18.09%). High content of N in examined sporo-
carps could be the consequence of N translocation from mycelium to meta-
bolically active sporocarp's hyphae, while the young part of vegetative body
has intensive cell divisions and contain higher N concentrations due to intensi-
ve sinthesis of proteins. Generally, the analyzed tericolous fungi had higher N
concentrations than lignicolous ones.

According to literature data (B o ÿ a c, 1996; V e t t e r, 1993; B r e e n e,
1990), the analyzed sporocarps contained smaller average concentrations of N
and P, similar values for K and Na and higher concentrations of Ca (10 times)
and Mg. Such a high content of Ca was probably the consequence of the fact
that lignicolous species were dominant in total number of the analyzed species
and because they use wood as a substrate characterized by a higher Ca impor-
tance in relation to fungi, and which concentration is increasing with the age.
Tericolous species contain high concentration of Ca (10.51% CaCO3) probably
due to high concentration of this element in the soil as their substrate.

Species M. giganteus could be considered as a good accumulator of all of
macroelements, (except Ca), while P. ostreatus was found to be a good accu-
mulator only for N and P. P. squarrosa and P. vernalis distinguish themselves
by the accumulation of K, while the extreme accumulators of Ca are the spe-
cies: G. applanatum and P. stypticus, and especially S. hirsutum (superaccu-
mulator). The species C. atramentarius has shown the highest accumulation of
Ca and Mg, and species P. vernalis the highest accumulation of K and Na.
Rich Na content was found in species: A. polymyces and O. olearius, too. Lig-
nicolous species, which accumulated a small content of the majority of macro-
elements, had good uptake of Ca, such as D. quercina, C. versicolor, P. gibbo-
sa (indicator species). Only the species that have direct contact with soil via
the rizomorphs (Lig/Ter) or partly by the mycelium, could be considered as
good macroelement accumulators, such as: A. polymyces, O. olearius.

c) Concentrations of microelements: Considering content of microele-
ments, in investigated fungal species the domination of Fe was recorded: Fe
(102.67 in Ph. squarrosa — 4276.61 C. atramentarius �g/g; A.v. = 928.03
�g/g), followed by content of Zn (6.57 in D. quercina — 160.96 in M. conica
var. cristata �g/g; A.v. = 58.14 �g/g), Cu (1.40 in D. quercina — 95.86 in P.
vernalis �g/g; A.v. = 17.60 �g/g), Cr (0.96 in S. hirsutum — 13.36 in C. atra-
mentarius �g/g; S.v. = 3.94 �g/g) and Pb (1.93 in S. hirsutum — 9.72 in C.
atramentarius �g/g; A.v. = 3.88 �g/g). The tericolous species from the site 5
showed the highest concentrations both for the majority of microelements and
macroelements concentration as well as for the total ash content. According to
these results, the chemical composition in different fungal species (ecotypes),
as well as within the same species originating from different localities, was fo-
und to be specific and depended dominantly on availability of these elements
from their substrates. These are specific accumulators (ecotypes) of specific
element (superaccumulator, accumulator, bioindicator), which created the de-
fense mechanisms in the course of the evolution, or as a consequence of stress
adaptation by which they could exclude or amortise unfavorable effects of
heavy metals presence in the environment.

262



In comparison with the previous studies (B o ÿ a c, 1996; B r e e n e,
1990, Y o s h i d a and M a r a m a t s u, 1998) recorded results were high for
Fe and Pb, but also for Cu, Cr i Zn in some species. Species wich contained
1000 �g/g Fe (what would be toxic for plants) are considered as superaccumu-
lators, such as some lignicolous, medically important fungal species: M. gi-
ganteus, G. lucidum, and Sch. commune, and some tericolous species: C. atra-
mentarius, F. velutipes, and P. vernalis. The highest accumulation that was no-
ticed for the species C. atramentarius from the location 5, was not just the
consequence of species feature as superaccumulators, but also the result of
specific chemical copmposition of soil. However, the fact that saprophytic spe-
cies could change physico-chemical condition of their environment, revealed
their influence on availability of other elements in substrate and their accumu-
lation in metabolically active hyphae.

The content of Pb in investigated tericolous species was found to be
twice higher in relation to the mean values characteristic for fungi, as well as
for plants, but none of the found concentration was critical nor toxic, exept for
C. atramentarius (Tf — 7.22). The Pb uptake was found to be exclusively
species specific, which was predictable due to the fact that Pb belongs to the
group of “elements of secondary importance in metabolic processes", which in
low concentrations are not dangerous, but could be toxic if they are present in
a higher concentrations. As a rule, lignicolous fungi was not found to accumu-
late microelements, except G. applanatum, for Cu, Sch. commune for Zn and
A. polymyces, O. olearius for both of them. The content of Cr in the species
C. atramentarius was found in concentration that could be considered as a
toxic one.

There are data about the synergistic effect of accumulation of different
metals (more efficient accumulation from the mixture than from the pure solu-
tion of elements) on the fungal cell surface, which was confirmed with our re-
sults. The highest significant correlation was noticed for the synergistic uptake
of Fe and Cr (0.83) and for Fe with Cu and Zn. As accumulators of microele-
ments, we could separate the following species: M. giganteus (except for Zn),
Sch. commune (except for Pb), and G. applanatum (except for Fe and Zn). As
species that accumulate all of microelements, there were recorded species with
increased absorptive surface due to the increased micelium surface via develo-
ped ryzomorph structures, such as: A. polymyces and O. olerius, and one
strictly lignicolous fungus — S. hirsutum, that could be considered as a super-
accumulator species of microelements, especially for Pb and Cr. The best teri-
colous accumulator species were: C. atramentarius (especially for Fe, Pb and
Cr) and P. vernalis (especially for Pb and Cu). While the concentration of Pb
on the urban location (Sampling site No 5) was higher in relation to other lo-
calities due to the heavy traffic, these two species could be used as bioindica-
tors of the soil Pb load.

The content of all of microelements varied significantly among the speci-
es, but differs within the same species depending on their environment (sup-
strate), especially in regard with the Fe and Pb content (i.e. C. versicolor, S.
hirsutum). According to these data, it could be assumed that different ecotypes
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within the same species differ considering their ability of metal ions uptake
from the substrata (intraspecific antagonism?).

d) Fungal mineral content versus the contents of minerals of wood as
their substrata: According to our results, the concentrations of macro- and
microelements were found to be lower in wood substrata than in fungal tissue,
especially for P, K i N. Only the content of Ca and Pb was significantly hig-
her in wood substrata. Lignicolous fungi have not been accumulating Fe from
wood, except the species G. lucidum (Tf = 19, which was 3—5 fold higher
than in other fungal species).

e) Fungal mineral content versus the contents of minerals of soil as their
substrata: As a result of Tf values in relation to soil, the analyzed fungi tended
to accumulate K, P, N, Cu and Zn, and partially Cr. As very good accumula-
tors of Cu in relation to the investigated tericolous fungi, the species: P. ver-
nalis, M. vulgaris, and C. atramentarius, were recorded, followed by species
forming rysomorphs: A. polymyces and O. olearius, and finally strictly lignico-
lous fungi: G. applanatum and P. gibbosa. While the content of Cu in soil of
all of the investigated locations was found to be in normal, usual average con-
centrations, it could be assumed that fungal Cu accumulation was determined
by morpho-ecological properties of fungal species, first of all by the surface of
mycelium. These species could be considered for the use in elements remove
from polluted areas. The highest accumulation of Zn was recorded for sapro-
phytic lignicolous fungi Sch. commune (Tf = 10.48). In relation to Pb, fungi
showed lower tendency of accumulation, so higher concentration of this ele-
ment could be expected only in heavily polluted areas near the frequent traffic
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zones. The highest recorded Tf values were found in S. hirsutum (0.46) and C.
atramentarius (0.40).

f) Cluster analysis (Fig. 5) classified fungi mostly by location. Some spe-
cies from different locations (Stereum hirsutum, Coriolus versicolor) showed
different mineral contents and were classified into separated branches of the
dendrogram. These data indicate that the accumulation ability is not only
genetically coded, but also influenced by environmental factors.

g) The monitoring of the content of macroelements and heavy metals in
biological (fungal) and their substrate (wood, soil) samples are inevitable, not
only in the sense of broadening our knowledge of elementary composition in
wood ecosystems, but also in order to speculate the effect of migrations of
chemical elements, especially the anthropogenic radionuclides in natural mate-
rials and products common in human use, e.g. wood, edible and medicinal
fungi.
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Rezime

S obzirom na znaåaj Basidiomycotina u bioindikaciji, ali i sve veãu kon-
taminaciju vazduha i zemqišta, u ovom radu je analiziran sadrÿaj makroeleme-
nata: N, P, K, Ca, Mg i Na, i nekih teških metala (mikroelemenata): Fe, Pb,
Cu, Cr, Zn u sporokarpima 22 vrste makrogqiva iz Nacionalnog parka Fruška
gora. Veãina ih pripada lignikolnim vrstama iz klase: Homobasidiomycetes re-
da Aphyllophorales s. lato, dok su dve vrste iz podrazreda Ascomycotina. Posebna
paÿwa bila je usmerena na medicinski znaåajne gqive koje su široko raspro-
strawene na ovom podruåju: Ganoderma lucidum, Ganoderma applanatum, Coriolus
versicolor, Flammulina velutipes, Meripilus giganteus i Omphalotus olearius. Pošto
gqive usvajaju makro i mikroelemente iz supstrata, takoðe su analizirani uzor-
ci zemqišta i drveta (supstrata) na kojima su gqive rasle. Ciq ovog rada bio
je dobijawe osnovnih podataka o uobiåajenim koncentracijama ovih elemenata u
nezagaðenom okruÿewu. Prema našim rezultatima, gqive su teÿile da akumuli-
raju K, P i N, sa mnogo mawom varijabilnošãu nego Ca, Mg i Na, što ukazuje na
wihov esencijalni znaåaj u fungalnim metaboliåkim procesima, nezavisno od
ekološke grupe i staništa. Analizirani supstrat (drvo) sadrÿao je veãe kon-
centracije Ca i Pb u odnosu na gqive. Prema transfer faktorima koji su dobi-
jeni iz odnosa u koncentraciji ovih elemenata u gqivama i koncentracije u
supstratu izraÿeno na suvu masu (s. m.) uzorka, analizirane gqive su teÿile za
akumulacijom Cu i Zn, a delimiåno i Cr. Meðu vrstama akumulatorima mikroe-
lemenata mogu se izdvojiti: Meripilus giganteus (osim Zn), Schizophyllum commune
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(osim Pb), Ganoderma applanatum (osim Fe i Zn). Superakumulatori Fe bile su
lignikolne, medicinski znaåajne vrste M. giganteus, G. lucidum, Sch. commune i
terikolne vrste: C. atramentarius, F. velutipes i P. vernalis. Dobri akumulatori
Cu su terikolne vrste: Psathyrella vernalis, Morchella vulgaris i Coprinus atramen-
tarius, zatim vrste sa rizomorfima: Armillaria polymyces i Omphalotus olearius,
pa tek onda lignikolne vrste: Ganoderma applanatum, Pseudotrametes gibbosa.
Najveãa akumulacija cinka (Zn) uoåena je kod vrste Schizophyllum commune, dok
su prema olovu (Pb) gqive pokazale malu tendenciju za usvajawem, osim terikol-
ne, saprofitske vrste C. atramentarius. Znaåajnu akumulaciju hroma (Cr) utvrdi-
li smo takoðe kod terikolnih vrsta (naroåito C. atramentarius).

Statistiåka klaster analiza klasifikovala je gqive uglavnom po lokali-
tetima, pri åemu se posebno izdvaja urbani lokalitet sa analiziranim terikol-
nim vrstama. Ovi podaci ukazuju da akumulacija nije samo odreðena genetskim
karakterima, nego je takoðe pod uticajem faktora okruÿewa. Ovi podaci bi se
mogli upotrebiti u toksikologiji, farmakologiji i zaštiti ÿivotne sredine.
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LIGNINOLYTIC ENZYME PRODUCTION IN
PLEUROTUS ERYNGII DEPENDING ON THE MEDIUM

COMPOSITION AND CULTIVATION CONDITIONS

ABSTRACT: Pleurotus eryngii produced laccase (Lac) both under conditions of sub-
merged fermentation (SF) and solid-state fermentation (SSF) using all of the investigated
carbon and nitrogen sources, while significant peroxidases production occurred only under
SSF conditions. The highest levels of Lac activity were found under SF conditions of dry
ground mandarine peels (999.5 U/l). After purification of extracellular crude enzyme mix-
ture of P. eryngii which was grown under SF conditions with dry ground mandarine peels,
it was revealed two peaks of Lac activity and one peak of activity against phenol red in ab-
sence of external Mn2+ which was very low (1.4 U/l). 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+. In the medium with the best
carbon source for Lac production (dry ground mandarine peels), (NH4)2SO4, with a nitro-
gen concentration of 20 mM, was the most optimum nitrogen source among 8 investigated
sources.

KEY WORDS: carbon and nitrogen sources, solid-state fermentation, laccase, Pleuro-
tus eryngii, peroxidases, submerged fermentation

INTRODUCTION

Pleurotus eryngii is edible and medicinal species that belong to group of
white rot fungi due to its ability to produce extracellular ligninolytic enzymes:
laccase (Lac), two peroxidases: Mn dependent peroxidase (MnP) and versatile
peroxidase (VP), as well as aryl-alcohol oxidase (AAO) (M u n o z et al.,
1997a), and modify and degrade lignin. Due to this ability, P. eryngii can be
cultivated on different lignocellulosic materials such as sawdust, paper pro-
ducts, and most agricultural wastes that are produced in enormous amounts
worldwide (C r o a n, 2000).

The carbon sources in the medium play an important role in ligninolytic
enzyme production. M a n s u r et al. (1997) showed that the use of fructose
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instead of glucose resulted in a 100-fold increase in the specific Lac activity of
Basidiomycetes. According to M a s t e r and F i e l d (1998) and H a m m e l
(1997), the ligninolytic enzymes are produced during the secondary metabo-
lism under conditions of limited nitrogen. However, in P. ostreatus a high
concentration of nitrogen in the medium (34 mM N as glutamate) did not re-
press but rather slightly stimulated mineralization of lignin compared to the
N-limited medium (K a a l et al., 1995).

Grapevine sawdust and mandarine peels represent very common agricul-
tural wastes in some regions, and are prospective substrates for the bioconver-
sion into fungal biomass and lignocellulytic enzymes. According to T s i k l a -
u r i et al. (1999) grapevine sawdust contains: 0.7—0.8% total nitrogen, 1.6—
1.8% reducing substances, 12—13% hemicellulose, 23—26% cellulose, and
23—26% lignin, while mandarine peels contain: 1.1—1.3% total nitrogen,
11—14% reducing substances, 32—34% soluble carbohydrates, 12—14% cel-
lulose, and 9—11% lignin.

Cultivation conditions which are characterized by different physico-che-
mical characteristics influence the levels of ligninolytic enzymes activities.
SSF conditions are very similar to those existing in nature on wood substrates,
while those in SF are very different and this could account for the low produc-
tion of some enzymes in liquid cultures.

The purpose of this investigation was to study the effect of different car-
bon and nitrogen sources, as well as raw plant materials (grapevine sawdust
and mandarine peels) under SF conditions of dry ground mandarine peels and
SSF conditions of grapevine sawdust, on Lac and peroxidases production in
Pleurotus eryngii.

MATERIALS AND METHODS

2.1. Organisms and growth conditions

Culture of P. eryngii var. eryngii, strain No. 616, is preserved on wort
agar medium in the culture collection of the Institute of Evolution, University
of Haifa (HAI), and documented in the Catalogue of Cultures (W a s s e r et
al., 2002).

The whole procedure of inoculum preparing and further procedure is de-
scribed previously (S t a j i ã et al., 2004).

2.2. The effect of different carbon sources on the Lac and
peroxidases production under SF and SSF conditions

SF was carried out at room temperature (22±2°C), on a rotary shaker at
180 rpm, in 250 ml flasks containing 50 ml of synthetic medium (S t a j i ã et
al., 2004) which was enriched with 1% of one of the investigated carbon sour-
ces (carboxymethyl-cellulose sodium salt, cellulose, glucose, maltose, D-man-
nitol, D-gluconic acid sodium salt, and xylan), or with 4% of dry ground man-
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darine peels, as well as with microelements. The initial pH of the medium
with mandarine peels as a carbon source, was adjusted to 9.4 prior to steriliza-
tion by adding 10% NaOH, so that the pH would be 6.0 after sterilization. In
other cases, it was adjusted to 6.0 by adding 4% HCl. Homogenized suspensi-
ons (of 5 ml) were used for inoculation of one flask. Biomasses were separa-
ted by centrifugation (4°C, 5000 rpm, 20 min) after 5 and 7 days of cultiva-
tion and supernatants were used to estimate enzyme activity.

SSF was carried out at 25°C in 100 ml flasks containing 4 g of grapevine
sawdust as a carbon source and 12 ml of synthetic medium (S t a j i ã et al.,
2004). Three ml of suspension, after inocula homogenization, were used per
flask. Samples from flasks were harvested after 7 and 10 days of cultivation,
and extracellular enzymes were extracted by griding in a mortar with 20 ml of
distilled water during 5 minutes at the ice. This procedure was repeated 3 ti-
mes and the obtained extracts were mixed (total volume 60 ml). Solids were
separated by centrifugation (4°C, 5000 rpm, 10 min), and supernatants were
used for measurements of the Lac and peroxidases activities.

Three replications for each investigated carbon sources were used.

2.3. The effect of different nitrogen sources and concentrations
on the Lac and peroxidases production under SF conditions

In the synthetic medium with the best carbon source for Lac production
(dry ground mandarine peels), without NH4NO3 and with microelements, either
one of the inorganic nitrogen sources [ammonium chloride (NH4Cl), ammoni-
um nitrate (NH4NO3), ammonium phosphate monobasic (NH4H2RO4), ammoni-
um sulfate (NH4)2SO4), and potassium nitrate (KNO3), in a nitrogen concentra-
tion of 30 mM], or one of the organic nitrogen sources [bacteriological pepto-
ne, casein acid hydrolysate vitamin free, in a concentration of 0.5%, and corn
step liquor in the concentration of 0.8%] was added.

The effect of different concentrations of the best nitrogen source on the
Lac production was studied in a medium with 20 mM, 40 mM, and 60 mM of
nitrogen.

Three replications for each nitrogen sources and concentration were used.

2.4. Enzyme activity assays

Lac activity was assayed using syringaldazine as a substrate, and by mea-
suring the increase in absorbance at 525 nm (�525 = 65000 M—1cm—1) for 60
seconds. The mixture contained: 0.1 M acetic buffer (pH 5.0), 1 mM syringal-
dazine (dissolved in 96% ethanol), and enzyme preparation (Vtot = 1 ml).

Peroxidases activities were determined with 3 mM phenol red as the sub-
strate, in a buffer with the following contents: succinic acid disodium salt, al-
bumin from bovine serum, and DL-lactic acid sodium salt, pH 4.5 (�610 =
22000 M—1cm—1). The mixture contained: buffer, enzyme preparation, 2 mM
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H2O2, and phenol red, with or without 2 mM MnSO4 (Vtot — 500 �l). Reac-
tion was ceased by 2 M NaOH.

2.5. Enzymes purification

Purifications of Lac and peroxidases were carried out on 7-day-old sub-
merged culture of P. eryngii, which was grown in the medium with the best
carbon sources, using FPLC AKTA explorer (Pharmacia Biotech. Sweden).
The supernatant from the submerged culture after centrifugation was filtrated
using a 0.45 �m 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.) pre-
viously 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 elu-
ted 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 the separated fractions
was performed with 50 mM ABTS [2,2'-azino-bis (3-ethylbenzothiazoline-
-6-sulphonic acid)] in phosphate buffer, pH 6.0 (�436 = 29300 M—1cm—1), and
peroxidases activity with 3 mM phenol red (�610 = 22000 M—1cm—1).

RESULTS AND DISCUSSION

3.1. Effect of different carbon sources on the Lac
and peroxidases production

In crude mixture, Lac activity was detected under both SF and SSF (Ta-
ble 1), while peroxidases production occurred only under SSF conditions.

The highest level of Lac activity was found in submerged culture with
dry ground mandarine peels as the carbon source after 7 days of cultivation
(999.5±20.7 U/l). Significant levels of Lac activity were also evident under
conditions of SF with xylan and D-gluconic acid sodium salt on the 5th day of
cultivation (134.4±12.1 U/l and 121.5±10.3 U/l, respectively), after which they
started to decrease, while low levels of Lac activity were obtained with other
carbon sources in both submerged and solid-state cultures (Table 1).

M a r t i n e z et al. (1994) showed that P. eryngii and related species ha-
ve a limited attack on cellulose, less than 15% of the initial content, while
xylan degradation was parallel to lignin degradation. However, contrary to the
results of M a r t i n e z et al. (1994) and M u n o z et al. (1997a), where Lac
production in P. eryngii was significantly stimulated by alkali lignin that is
present in straw, in this study, it was shown that Lac activity under SSF condi-
tions of grapevine sawdust was low (42±1 U/l and 9.3±0.2 U/l, after 5 and 7
days, respectively).

After purification of extracellular crude enzyme mixture from 7-day-old
culture of P. eryngii, which was grown in the medium with the most optimum
carbon source, it was found: two peaks of Lac activity (7411 U/l and 847 U/l).
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These results are in accordance with the results of M u n o z et al. (1997a, b)
who also investigated Lac of P. eryngii in the glucose/ammonium-tartrate me-
dium and obtained two bands with Lac activity (Lac I and Lac II) which re-
spond to isoenzymes.

Regarding to 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 i n e z et al., 1996), in this case, it can not be spoken abo-
ut MnP and VP activities, but only about activity against phenol red in presen-
ce and absence of external additional Mn2+, respectively. One peak of activity
against phenol red in absence of external Mn2+ was found after purification of
crude enzyme mixture, but its activity was very low (1.4 U/l). However,
M a r t i n e z et al. (1996) purified two isoenzymes of P. eryngii from liquid
peptone medium and described them as VP, which are capable of oxidizing
both Mn2+ and phenolic and non-phenolic aromatic substrates.

3.2. Effect of different nitrogen sources on the Lac
and peroxidases production

Pleurotus eryngii produced Lac under SF conditions with all the investi-
gated nitrogen sources and concentrations, but peroxidases levels were low
(Table 2).
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Table 1. Laccase activity depending on the carbon source in the medium

Species Strain
(No.) Carbon source Period of

cultivation (days)
Lac activity

(U/l)

P. eryngii
var. eryngii 616

Glucose
5 24±13

7 4.4±0.2

Maltose
5 17.4±6.1

7 11.4±4.3

Mannitol
5 49±2

7 15.8±0.5

D-gluconic acid
sodium salt

5 121.5±10.3

7 42.6±15.1

Xylan
5 134.4±12.1

7 73±8

Cellulose
5 19±6

7 11.8±3.4

Carboxymethyl
cellulose

5 21.7±3.4

7 35.7±6.4

Dry ground
mandarine peels

5 162±14

7 999.5±20.7

Grapevine sawdust
5 42±1

7 9.3±0.2



The highest level of Lac activity was in the medium with (NH4)2SO4 as
the nitrogen source (246.4±19.8 U/l, after 7 days of cultivation) and with a ni-
trogen concentration of 20 mM. With an increase of nitrogen concentration,
the levels of Lac activity decreased, and with a nitrogen concentration of 40
mM the Lac activity was only 68.3±16.8 U/l (approximately 72% lower). Lac
production increased during cultivation in media with all the investigated ni-
trogen sources, except for corn step liquor.

Activity against phenol red in presence of external Mn2+ was low under
SF conditions with all nitrogen sources, while activity in absence of Mn2+ was
higher, especially in the medium with (NH4)2SO4 and peptone, as nitrogen
sources (Table 2). These results are in accordance with the results of E l i -
s a s h v i l i et al. (2001) who also showed that manganese dependent pero-
xidase activity was 0 or very low in SF, but in SSF it was significant. M a r -
t i n e z et al. (1996) found MnP production in P. eryngii, P. ostreatus, P. pul-
monarius, and P. sajor-caju in peptone medium, but it was not detected in me-
dium with other investigated nitrogen organic sources.

In conclusion, this study showed that Lac and peroxidases production de-
pends on the cultivation conditions (SF or SSF), carbon sources, as well as ni-
trogen sources and concentration. The highest levels of investigated lignino-
lytic enzymes activities were in the medium with dry ground mandarine peels
as the carbon source, and because of this reason the investigated P. eryngii
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Table 2. Lac activity and activity against phenol red in presence and absence of external Mn2+ de-
pending on the nitrogen source in the medium

Species Strain (No.) Nitrogen
source

Period of
cultivation

(days)

Lac
activity

(U/l)

Activity against
phenol red (U/l)

+Mn2+ –Mn2+

P. eryngii
var. eryngii 616

Peptone
5 1.47±0.09 1.32±0.08 2.5±0.2

7 9.4±1.2 0.7±0.2 2.7±0.3

Casein acid
hydrolysate
vitamin free

5 1.0±0.2 0.7±0.2 0.9±0.3

7 6.1±0.6 1.0±0.1 1.5±0.2

Corn step
liquor

5 57.0±8.5 2.28±0.04 2.3±0.2

7 33.5±4.2 1.2±0 0.9±0.2

KNO3
5 3.9±0.1 1.3±0.1 0.7±0.1

7 8.30±0.08 0.78±0.04 1.8±0.1

NH4C1
5 2.0±0.4 1.0±0.3 1.2±0.4

7 46.0±1.4 1.03±0.07 2.4±0.4

(NH4)2SO4
5 1.3±0.1 0 2.7±0.1

7 100.9±5.3 0.7±0.4 1.2±0.1

NH4H2PO4
5 14.3±3.4 0.7±0.1 2.3±0.2

7 22.3±0.9 0.68±0.06 0.38±0

NH4NO3
5 1.3±0.2 0.6±0.1 1.8+0.5

7 9.4±1.2 0.7±0.2 2.7±0.3



strain can be used in the process of biotransformation of this material to feeds
and fuels, as well as in paper manufacturing.
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PRODUKCIJA LIGNINOLITIÅKIH ENZIMA
KOD PLEUROTUS ERYNGII U ZAVISNOSTI OD SASTAVA MEDIJUMA

I USLOVA KULTIVACIJE

Mirjana M. Stajiã, Sowa N. Duletiã-Lauševiã, Jelena B. Vukojeviã
Institut za botaniku, Biološki fakultet, Univerzitet u Beogradu,

Takovska 43, 11000 Beograd, Srbija i Crna Gora

Rezime

Pleurotus eryngii je produkovao lakaze (Lac) pod uslovima kultivacije i na
teånom i na åvrstom medijumu (SF, SSF) sa svim prouåavanim izvorima ugqeni-
ka i azota. Najviši nivoi aktivnosti Lac naðeni su u teånim kulturama sa su-
vom mlevenom korom mandarina (999,5 U/l). Ova vrsta je produkovala peroksida-
ze samo pri kultivaciji na åvrstom medijumu.

Posle preåišãavawa smese ekstracelularnih enzima koje je P. eryngii pro-
dukovao u teånim kulturama sa suvom mlevenom korom mandarina kao najboqim
izvorom ugqenika, naðena su dva pika aktivnosti Lac i jedan pik aktivnosti
protiv fenol crvenog u odsustvu spoqašweg Mn2+ sa vrlo niskom aktivnošãu
(1,4 U/l). Rezultati dobijeni preåišãavawem takoðe su pokazali da su nivoi ok-
sidacije fenol crvenog bili viši u odsustvu nego u prisustvu spoqašweg
Mn2+.

U medijumu sa najboqim izvorom ugqenika najviša Lac aktivnost je bila u
prisustvu (NH4)2SO4 kao izvora azota, pri koncentraciji azota od 20 mM.
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HUMAN MYCOSES

ABSTRACT: Fungi are an independent group of plant kingdom which members do
not contain chlorophyll and have no capability of photo synthesizing, meaning that they can
not synthesize nutritive compounds, so they exist as the saprophytes or parasites of plants,
animals and humans. Between 50.000 and 100.000 species are known, but only about 100
species cause diseases (mycoses) of humans or animals, while many other cause diseases of
plants. Only the dermatophytes and species of genus Candida are usually transferable from
human to human. The importance of fungi was certainly less than that of the bacteria and
viruses for the time being, but their role as the opportunist pathogens is unavoiding,
especially for immunocompromised patients. Incidence of fungal infections grows steadily,
even in the countries with high level of general and health culture. Diagnosis and therapy of
fungal infections are many times unadequate. Prophylaxis is still an object of discussion.

KEY WORDS: diagnosis, mycoses, therapy

INTRODUCTION

Fungi are an independent group of plant kingdom which members do not
contain chlorophyll and have no capability of photosynthesizing, meaning that
they can not synthesize nutritive compounds, so they exist as the saprophytes
or parasites of plants, animals and humans (1). According to other authors,
fungi are special group of microorganisms classified between protists and
procaryotes, or between plant and animal kingdom. They have much more
morphological complexity than that of the bacteria (procaryotes). They possess
a true nucleus and thus are described as being eucaryotic (2). Fungi may be
unicellular, (for example the yeasts) or cellular units may be connencted toget-
her to form long filaments or hyphae. Probably, the most accurate definition is
that fungi are non-photosynthesizing protists which grow as the mass of bran-
ching, knitting filaments known as mycelium. Although being perforated, they
allow the free passage of nuclei and cytoplasm. That means that the whole or-
ganism is a syncicium (multinuclear intracytoplasmatic mass) bordered inside
many branching tubes. These tubes are made of polisaccharids such as a chi-
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tin, and are chomologous to bacterial walls. Fungi are probably the evolutive
branch of protozoa; they are not familiar with actinomycetes, mycelial bacteria
although have some similarities at first sight. Some fungi have the ability to
change their form (dimorphism) under special conditions, which is the charac-
teristic of pathogenic fungi (2, 3, 4).

CLASSIFICATION

Fungi are clasified in the following way:
Ascomycotina (ascomycetes): A bag (ascus) is formed by the sexual fu-

sion and contains the meiotic products — four or eight spores (ascospores).
Asexual spores (conidia) are usually formed outside on the hyphal endings.
Examples: Trichophyton (Arthoderma), Microsporum (Nannizzia), Blastomyces
(Ajellomyces).

Basidiomycotina (basidiomycetes): Sexual fusion creates the organs in the
form of club, named basidium with the four meiotic structures on its surface
(basidiospores). Asexual spores (conidia) are usually formed outside on the
hyphal endings. Example: Cryptococcus neoformans (Filobasidiellla neofor-
mans).

Deuteromycotina (fungi imperfecti): This is not real phylogenetic group,
but more fictitious class where all those fungi in which sexual reproduction is
unknown are temporary allocated. Examples: Epidermophyton, Sporothrix, Can-
dida genus.

Zygomycotina (phycomicetes): Mycelium is usually non-septated. Asexual
spores are made unlimitedly inside the structures called sporangia. Sexual fu-
sion creates the spores with the thick walls called zygospores. Example: Rhizo-
pus nigricans (opportunist pathogen). The majority of pathogenic fungi are lo-
cated in the group of imperfect fungi where sexual reproduction is unrecogni-
zible (1, 4).

IMPORTANCE

It has been estimated that there are between 50.000 and 100.000 species
of fungi. They are dispersed everywhere: in the air, water, but mostly in the
soil. They have an active role in the processes of changing of material. Their
activity for man could be either usefull or harmfull. Their capacity for produ-
cing of antibiotics such as penicillin and griseofulvin, vitamins or utilization in
the beer industry are all examples of usefulness. In agriculture, fungal patho-
gens are responsible for losses amounting to perhaps 10% of the world crops.
Saprophytic fungi cause significant damage to stored food and other foodstuffs
with calamitous consequences for man's agroeconomy. Of thousands known
fungi about 100 are pathogenic for humans or animals. Fungi can cause disea-
ses in man directly by producing mycotoxins, by acting as allergens, and by
direct tissue invasion (infections-mycoses) (1, 2, 5).

For practical reasons, human mycoses could be classified as superficial,
cutaneous, subcutaneous and systemic mycoses. For sometime, superfitial and
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cutaneous mycoses are included in the same group. Most important fungal in-
fections are presented in Table 1. (4, 6). Superficial, cutaneous and subcutane-
ous mycoses of skin, hair and nails could be of chronic course and very resi-
stant to treatment, but rarely have impact to man's general health. But, due to
extraordinary extension, they have great epidemiological and socioeconomical
importance. Pityriasis (tinea) versicolor is the most frequent of supeficial
mycoses, expressed mostly during the summer months. In tropical climates the
condition is more common than in temperate zones and as many as 40% of
population may be affected. The disease is perhaps of cosmetical significance
(2, 5). Occasionally, it has been implicated as a cause of fungal sepsis (funge-
mia) during the intravenous lipid supplementation. Skin mycoses are caused by
fungi which attach to only superficial keratinized tissue (skin, hair and nails),
but not the deeper tissues. Most important are dermatophytes, a group of very
similar fungi with world-wide geographical distribution. They are classified in-
to three genera: Epidermophyton, Microsporum and Trichophyton (4, 6, 7).

Table 1. The most important fungal infections and the causes

THE TYPE OF FUNGAL
INFECTIONS THE CAUSES THE DISEASE

Superficial Malassezia furfur Pityriasis (tinea) versicolor

Cutaneous

Trichophyton sp.,
Epidermophyton,
Microsporum sp.,
Candida albicans

Dermatophytosis (tinea
of the skin, hair, nails)
Candidiasis (skin and
visible mucoses)

Subcutanous Sporothrix schenkii Sporotrichosis

Systemic

Blastomyces dermatitidis
Coccoidioides immitis
Histoplasma capsulatum
Paracoccidioides brasiliensis

Blastomycosis
Coccidioidomycosis
Histoplasmosis
Paracoccidioidomycosis

Systemic oportunistic

Aspergillus fumigatus and others
Aspergillus sp.
Candida albicans and others
Candida sp.
Cryptococcus neoformans
Mucor and Rhizopus sp.

Aspergillosis

Candidiasis

Cryptococcosis
Zygomycosis

Besides, they are ubiquitous, some special have higher incidence in parti-
cular world's regions. According to etiological classification dermatophytes ha-
ve been divided into anthropophilic, geophilic and zoophilic species. The main
reservoir of dermatophytic infection is infected man or animal. It could not be
eliminated the fact that the soil was natural saprophytic habitation for all
dermatophytes in the past, but modern epidemiological investigations don't gi-
ve support for such assertions especially for those dermatophytes completely
adapted to living as human or animal keratinophylic parasites. Micropopulation
of soil destroys (lysis) very quickly the pathogenic dermatophytes in patholo-
gic material of man or animal under laboratorial or natural conditions. Animals
that most often serve like a host of zoophylic dermatophytes are: dog, cat, cat-
tle, horse, sheep, pig, poultry, rodents (hedgehog), monkies etc. (6, 7, 8). Ti-
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nea pedis (athlete's foot) is the most frequent dermatophytosis. Approximately
10 percent of total population can be expected to have this infection at any gi-
ven time. Significant presence of foot dermatophytoses starts since 20. century
with the wearing of closed foot-wear. Together with foot dermatophytoses,.
next most frequent is a fungal nail infection — onychomycosis. Socioeconomi-
cal, cultural and factors from working environment have great impact on deve-
loping of these diseases. It is estimated that onychomycoses are responsible for
18—40% of all nail diseases and 30% of all fungal skin diseases. A great
U.K. study in 1990. revealed that 2,73% of adult population have onycho-
mychosis. Haneke says that frequency of onychomycoses are compatible to
50% tinea pedis and / or tinea manus approved by mycological culture. Both
infections are more frequent in persons from the group with risk of fungal di-
seases: coalminers, workers in industry, sportsmen, soldiers, persons in boar-
ding schools or closed collectives (1, 9). In some European countries (Poland,
Croatia) the most common dermatophytoses established were tinea corporis ti-
nea capitis, and the most common etiological agent was Microsporum canis
(10, 11). Otherwise, in majority of other cases, tinea pedis and onychomycosis
prevailed, and Trichophyton mentagrophytes and T. rubrum as the causative
agents, too. During the investigation performed in the period from 1995. to
1996. in policlinic department of Clinic for skin and veneral disease Novi Sad,
in 10,5% of patients a presence of some dermatomycoses was registered.

Onychomycoses were diagnosed in 1,7% of the total number of patiens
examined in that period, or in 10,22% of all cases of diagnosed dermato-
mycoses (9). Beside negative impact on patient's quality of life and working
capability, onychomycoses are probably the most recalcitrant dermatomycoses
and most difficult to treat, with frequent recidives and with regular low level
of clinical and mycological cure. Costs of treatment of this disease are extra-
ordinary high. A study performed by Medicare in USA during the one-year
period (1989—1990) showed that costs of treatment of onychomycoses were
43 million dollars (12). Candida albicans, a dimorphous yeast, is a regular in-
habitant of the human gastrointestinal and genital tract, and could be isolated
in high percent of healthy persons (50—80% according to study). Although a
member of normal mucosal flora of respiratory, gastrointestinal and in wo-
men's genital tract, on such places Candida albicans and spp. could become
dominant, and cause diseases. Candidiasis most commonly affects skin, nails,
mucous membranes, gastrointestinal tract, but also can transverse into systemic
form and harms various internal organs, causing septicemia, meningitis, endo-
carditis etc. Most important predisposing factors for Candida infection are:
diabetes mellitus, complete prostration, immunodeficiency, intravenous drug
abusing, venous and urethral catheterisation, using of antibiotic which change
normal intestinal bacterial flora and corticosteroids. The incidence of these in-
fections is constantly increasing, especially in Intensive Care Units (ICV) (1,
5, 13).

This tendency stems of the mid eightieth years, when the funguses (mostly
Candida and very rarerly Aspergillus which has mortality nearly 100%) as the
causes were significantly influencing the increase of frequency of nosocomial
infections. The data for the year 1990:
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— 16,1 fungal infections occurred at 1000 traumas or burns
— 10,1 fungal infections occurred at 1000 cardiosurgical patients
— 7,3 fungal infections occurred at 1000 patients in general surgery

Candidaemia (the identification some of pathogen species Candidae's in
at least one specimen of the blood cultures) wasn't more times established
(even 50% patients with candidaemia have the negative results of hemocultu-
res) because of the difficult diagnostic and a non-specific clinical manifestati-
ons. Besides, there are no standard techniques to detecting of Candida and its
metabolic products (13, 14). Fungal infections present a great risk for the pati-
ents with transplanted organs as well. Today, the transplantation is used as a
therapeutical choice for many acute and chronic diseases. The skin lesions are
many times atypical and may be the sign as both common fungal diseases and
disseminated lethal fungal diseases (15). Black funguses (dark pigmented, me-
lanised) — pheohyphomycoses are specific abstracted by their lethality, and
are widely prevalent in the nature (16). On the basis of very rare studies in the
world of an autopsy materials it is evident that the incidence of systemic
mycoses (mostly candiasis and aspergillosis) was about 3%, while in patients
with hematological diseases it was up to 26% (17).

THE DIAGNOSIS

The diagnosis of mycoses requires, besides clinical examination, the seri-
es of procedures in the aim of the effective identifications of the pathogen
agents as well. The most important procedures in the mycological diagnostic
are: taking of materials (cutting of skins and nails, uprooting of hairs) and di-
rect microscopy, the cultivation on nourishing backgrounds of causes (the most
used is Saboraoud — agar), the Wood — lamp examination, the pathohistolo-
gical examination, the different serological and/or immunologicals assays, the
molecular-biologycal techniques (PCR), the test of inoculations at the expe-
rimentaly animals, the computer systems for the identification of yeasts, etc.
(1, 4). In the perspective it should be expected the special development of the
molecular-biologycal techniques which give the possibility for fast identifica-
tion in the clinical samples of the nicety microorganisms that are difficult to
be cultivated in microbiological laboratories, and what may be of essential sig-
nificance for the adequate therapy, especially for the therapy of the severe
form of mycoses (4, 9). The computer systems for the identification of yeasts
(AMS — YBC, ATB ID 32 C) represent a powerful diagnostic instrument in
the work of clinical and microbiological laboratories. It sould be mentioned as
the techiques of future in medical mycology and confocal microscopy, cito-
metry, and corneofungometry, etc. (9, 18).

THERAPY

Today, it is preceded in the using the finite number of clinical antifungal
agents. Many biochemical ways of antibiotics for the target structures of bacte-
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ria couldn't be used by funguses, since the funguses have similar structures
with the human cells because the many in vitro effective medicaments couldn't
be applied in vivo due to its toxicity. The prior target structure of antifungal
chemotherapeutic agents is the membrane of fungal cells, apropos the ergoste-
role as a predominant sterol of the membranes (4).

The most important medicaments which are used for therapy of the fun-
gal infections are: amphoterycine B, flucitozine, griseofulvine, nystatine, 5-flu-
orocitozine, antifungal azoles (ketokonazole, itrakonazole, flukonazole) terbi-
nafine, etc. In the local therapy the most used are antifungal azoles (clotrima-
zole, myconazole), nystatine, cyclopiroxolamine, amorolphine, terbinafine etc.
In last years it is significant the discovering of vorikonazoles and their inaugu-
ration in clinical praxis, that proved successful in the therapy of the severe
systemic mycoses (candidiasis, aspergillosis) by which the other antifungal
medicaments were reduced fast to perfoming of resistency, especially by the
rare species of Candidae's (C. Tropicalis, C. glabrata, C. parapsilois). Accor-
dingly, it is possible the retreiving of lives also in immunocompromited pati-
ents infected with species which develop fast resistibility, and some of them
may even be of natural-originating resistibility (C. Krusei). It is also signifi-
cant the introducing of the liposomal amphoterycine B in the empiric therapy
of the systemic (deep) mycoses beyond where it couldn't be expected the re-
sults of laboratories and where it is precedent the rapidity of therapies (1, 19, 20).
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Rezime

Gqive su samostalna grupa biqnog carstva åiji pripadnici nemaju hloro-
fil, pa time ni sposobnost fotosinteze, t. j. ne mogu da sintetišu hranqive
sastojke, zbog åega egzistiraju kao saprofiti ili paraziti biqaka, ÿivotiwa i
qudi. Ima ih izmeðu 50 i 100 hiqada vrsta, ali samo oko sto wih uzrokuje
oboqewa (mikoze) qudi ili ÿivotiwa, dok mnoge druge vrste izazivaju oboqewa
biqaka. Samo dermatofiti i vrste roda Candida obiåno se prenose sa åoveka na
åoveka. Znaåaj gqiva je dosada bio nešto mawi u odnosu na bakterije ili viru-
se, ali wihova uloga kao oportunistiåkih patogena nezaobilazna je kod imuno-
suprimiranih osoba. Incidencija gqiviånih infekcija je u stalnom porastu,
åak i u zemqama sa visoko razvijenom opštom i zdravstvenom kulturom. Dijag-
nostika i terapija gqiviånih infekcija su åesto neadekvatne. Profilaksa je
još uvek predmet diskusije.
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FLUCONAZOLE IN THE THERAPY OF
PITYRIASIS VERSICOLOR

ABSTRACT: The authors present the results of the systemic application of flukona-
zole in therapy of Pityriasis versicolor. It was arranged for the total number of 38 patients,
18 females and 20 males. The diagnosis of diseases was established on the base of the cli-
nical examination, the native mycological examination and by the using of Wood lamps.
The therapy was passed by the using of 300 mg flukonazole in a single dose, once weekly,
during two weeks. The following period amounted to one week after the passed therapy.
The therapeutic efficacy was assessed with regard to the clinical and mycological healing.
The clinical efficacy was assessed semiquantitative on the base of increasing of the percen-
tage rates of the total score of disease that was computed by collecting of the numeric valu-
es for every clinical argument typical for the disease, and the mycological efficacy on the
base of the mycological findings and the fluorescence finding after lightening with the
Wood's lamp. The controling examinations were performed on day 0, 14 and 22. The re-
sults of investigations have shown that the complete clinical healing was achieved after two
weeks of therapy in 94,74%, and the mycological healing in 92,11% patients. The rate of
the mycological healing was evaluated after 1 week of following period equal to the rate of
the clinical healing and it was also 94,74%. The undesirable effects of the drug applications
weren't by any patient.

KEY WORDS: flukonazole, Pityriasis versicolor, therapy

INTRODUCTION

Pityriasis versicolor (PV) is one of the most frequent fungal skin infecti-
ons with chronic nature. As the disease cause it is recognized lipophylic yeast
Mallassezia that is well known as Pityrosporum ovale or Pityrosporum orbicu-
lare, the resident of the normal skin flora are recognized as the disease cause
(1). The transition from blastospore form to a mycelium makes this yeast pat-
hogenic for the humans. The conversion in the form of mycelium occurs under
the influence of variety of different predisposition factories. The most impor-
tant factor are high temperatures and high humidities because of which the di-
sease occurs with the low prevalence in the Scandinavian countries (1%) and
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with the highest prevalence of 40—50% in tropical areas (2). For the appara-
tion of disease genetical factors are significant, which is corroborated by the
lack of diseases in couples and its apparation in the cousins of the first, second
and third degrees of the kins.

The predisposition to frequent recurrences, the extension of skin changes,
often perturb the life qualities of the patients. This fact destined the dermatolo-
gists during recent years, towards the systemic application of antimycotics in
the attempt at more successful treatment (3, 4).

THE AIM

The study had the aim to check the efficacy and safety of oral application
of fluconazole in the therapeutic regime of 300 mg once weekly during two
weeks in the patients with PV. The following period of patients after treatment
has been a week after the passed therapy.

It is arranged the total number of 38 patients, 18 females and 20 males,
24 patients with the first manifestation of the disaese and 14 with the recurren-
ce of the disease.

It is established the diagnosis of the disease by the clinical and mycolo-
gical examination and by using of Wood's lamp. The mycological examination
was the obligate diagnostic procedure for all cases regarding the cognition that
only Malassezia furfur produces indole which gives the fluorescence by lighte-
ning with Wood's lamp.

It was semiqunatitative assessment. The clinical efficacy of the drug was
assessed with regard to decrease of the total score values of the diseases (in
percentages) that it was computed by collecting the numeric values of the cli-
nical parameters typical for the disease, nevertheless it is taken in considera-
tion the size of the skin surfaces involved with the disease (Table 1).

Table 1. Assessment of the clinical efficacy
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The total score was computed an 0-th, 15-th and 22-nd day, and on the
7-th day after the passed therapy. The mycological efficacy has been followed
on 0-th, 15-th and 22-nd day.

RESULTS

The results of the investigations showed that after two weeks of the flu-
conazole applications negative mycological findings were achieved in 92,11%
patients. After 7 days this percentage increased to 94,74%. As for the clinical
healings, after two weeks, the total score of diseases decreased for 64,96% and
after three weeks for 94,74% (Graphics 1 and 2).
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The complete healing was achieved in 86,84% patients, the clinical with-
out micological healing in 5,26%, and the mycological without clinical healing
in 7,89% patients (Table 2).

Table 2. The rate of healings

The undesirable effects of the drug applications were'nt noted in any pa-
tient.

DISCUSSION

As the causes of PV, the yeasts were recognized in 1874. (3). Malasezz
described its presence in the corneal layer of skin as the oval and spheric cells
into bud. Bailon named it Malassezia furfur, and Castellani, who first succee-
ded its cultivation, registered the term Pityrosporon ovale. In 1996. 7 distinct
species were recognized, and 6 primarily were isolated from human skin (4)
(Picture 1). It is only Malassezia pachydermatis obligatory to be lipophilic,
and it was isolated primarily in animals, rarely in humans.

In the light of the recent cognitions about variety of Malassezia species
and the passed investigation in the last five years, the most frequent causes of
PV are Malassezia furfur, Malassezia globosa and Malassezia sympodialis.

The therapy of diseases could be passed as local and systemic, specific
and nonspecific. Whereby the disease often recurres after the passed therapy,
that it was based until last mainly on the local application of antimycotic
drugs, there were the attempts of its systemic using. It was shown that the
systemic using of these drugs is more effective and that they should be given
during short period. Today it is recommended itrakonazole and flukonazole of
the systemic antimycotics in the therapy of PV. Griseofulvine isn't effective
given perorally as well as terbinafine, that is effective in the form of the local
preparations (the form of creams, gels and solutions). Ketokonazole isn't re-
commended because of the hepatotoxic acting of drugs. The systemic anti-
mycotics are recommended for the prevailing and recurred infections, nevert-
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heless the clinicians makes the choice of oral antimycotics that are able to era-
dicate funguses in optimal dose, well passable and safe for using.

We decide to assess the efficacy and the safety of flukonazole in this
study by the outset of the flukonazole pharmacodynamic profiles and of facts
that it progresses the multiple higher concentration in the skin than in the pla-
sme, and the concentration higher of the minimal inhibitory concentration for
the majority of dermatophytes and non-dermatophytes causing the fungal dise-
ases in human kind.

The administration of flukonazole in the therapy of PV hitherto has
shown the excellent therapeutic results with regime of 300 mg weekly during
two weeks. The results of the previous investigations confirmed the high rate
of the mycological and clinical healing, in the range 80—98% for the myco-
logical healing and 91—98% for the clinical healing, which is in accordance
with the results of our investigations (5, 6). The fact of the increased rates of
the clinical and mycological healing 7 days after the passed therapy could be
explained by the pharmacodynamic profile of drugs and its presence in the
skin 10 days after withdrawal of therapies.

In this study settings weren't the undesirable actions, though it is well
known that flukonazole causes in 6% cases the undesirable actions.

CONCLUSION

It could be said with full right in the conclusion that the therapeutic regi-
me of flukonazole's of 300 mg weekly during two weeks is effective, elegant
and safe and that it is the pharmacodynamic rational regime of the therapies
Pityriasis versicolor.
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FLUKONAZOL U LEÅEWU PITYRIASIS VERSICOLOR

Mirjana N. Poqaåki, Slobodan N. Stojanoviã, Siniša B. Tasiã,
Marina Jovanoviã, Zoran Golušin, Novak Rajiã

Rezime

Autori iznose rezultate sistemske primene flukonazola u leåewu Pityriasis
versicolor. Ukupno je obraðeno 38 bolesnika, 18 ÿena i 20 muškaraca. Dijagnoza
bolesti postavqena je na osnovu kliniåkog pregleda, nativnog mikološkog pre-
gleda i primenom Wood-ove lampe. Terapija je sprovoðena primenom 300 mg
flukonazola u jednoj dozi, jedamput nedeqno, 2 nedeqe. Period praãewa izno-
sio je nedequ dana nakon sprovedene terapije. Terapijska efikasnost procewi-
vana je sa aspekta kliniåkog i mikološkog izleåewa. Kliniåka efikasnost
procewivana je semikvantitativno na osnovu procentualnog smawewa totalnog
skora bolesti koji je izraåunavan sabirawem numeriåkih vrednosti za pojedine
kliniåke parametre karakteristiåne za bolest, a mikološka efikasnost na
osnovu mikološkog nalaza i nalaza fluorescencije nakon osvetqavawa Wood-
-ovom lampom. Kontrolni pregledi vršeni su 0, 14. i 22. dana. Rezultati is-
traÿivawa pokazali su da je nakon dve nedeqe terapije kompletno kliniåko iz-
leåewe postignuto u 94,74%, a mikološko u 92,11% bolesnika. Nakon nedequ
dana praãewa stopa mikološkog izleåewa se posve izjednaåila sa stopom kli-
niåkog izleåewa i iznosila je takoðe 94,74%. Neÿeqenih dejstava primene leka
nije bilo ni kod jednog bolesnika.
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MODIFIED SABOURAUD DEXTROSE AGAR
FOR ISOLATION AND IDENTIFICATION OF

DERMATOPHYTES

ABSTRACT: The most common causative agents of dermatomycoses are fungi be-
longing to genders Trichophyton, Microsporum and Epidermophyton. Media mainly used
for isolation of dermatophytes are mycobiotic agar, dermatophyte test medium, Sabouraud
agar (original formula or modification by Emmons) with or without antibiotics and cyclo-
heximide.

Peptones are the most important components of the media, which enable adequate
reproductivity in identification of dermatophytes. Standard medium for isolation of derma-
tophytes is not produced in our country. The aim of the study was to create an optimal,
easily accessible and economic medium which enables isolation and identification of derma-
tophytes according to criteria for morphological diagnosis provided by identification guides.

We examined 57 strains of Trichophyton, 24 of Microsporum and 5 of Epidermo-
phyton floccosum (E. floccosum). Each strain was seeded on Sabouraud dextrose agar (Tor-
lak, Serbia and Montenegro), Sabouraud maltose agar (Torlak), two experimental modified
Sabouraud dextrose agar media marked as SA-2 and SA-3 (Torlak), Sabouraud-Chloramp-
henicole agar (Biomerieux, France), Sabouraud-Chloramphenicole agar (Himedia, India),
Glucose-peptone agar (Himedia, India) and Sabouraud Emmons dextrose Agar with Chlo-
ramphenicole and Cycloheximide (Biolife, Italy).

Colony morphology of Trichophyton mentagrophytes (T. mentagrophytes) was uni-
form on all the media, while morphology of Trichophyton rubrum (T. rubrum) and Micro-
sporum canis (M. canis) depended more on the media type. Colonies of E. floccosum were
typical and uniform on all the media, as were the control species of Trichophyton schoenlei-
nii (T. schoenleinii) and Trichophyton soudanense (T. soudanense).

Experimental modified Sabouraud dextrose agar (Torlak) marked as SA-3 demonstra-
ted the best results in identification of dermatophytes in this study.

KEY WORDS: dermatophytes, identification, isolation, media
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INTRODUCTION

Dermatomycoses are diseases widespread throughout the world. Diagno-
sis of dermatomycoses is based on a mycological examination of skin and/or
skin adnexa scrapings and finding of mycelial filaments in the material, as
well as on isolation of a causative agent from the material. The most common
cause of dermatomycoses are fungi belonging to the genera Trychophyton,
Microsporum and Epidermophyton. Media mainly used for isolation of der-
matophytes are mycobiotic agar and dermatophyte test agar (7, 9), as well as
Sabouraud agar with original formula (glucose 4%, peptone 1%) or Emmons'
modification of Sabouraud medium (glucose 2%, peptone 1%). These media
can be made in house or purchased as ready-made.

Bacteria and saprophytic moulds which colonize the skin and/or it's
adnexa (hair and nails) could interfere with isolation of dermatophytes since
dermatophytes grow more slowly. Therefore, media for isolation of dermato-
phytes are supplemented with antibiotics (chloramphenicole, gentamycine) and
antimycotic cycloheximide (actidione), which prevents growing of saprophytic
moulds. The number of onychomycoses caused by saprophytic moulds like
Aspergillus, Scopulariopsis etc. is increasing (5, 12), therefore nail scrapings
should be seeded both on media with actidione and media without it.

Standard medium for the isolation of dermatophytes is not manufactured
in our country. The aim of this study was to create an optimal, easily accessi-
ble and economic medium which would enable isolation and identification of
dermatophytes according to criteria for morfological diagnosis provided by
identification guides (3, 6, 8).

MATERIALS AND METHODS

We examined a total of 86 strains of dermatophytes: 57 strains belonging
to genus Trichophyton (T. mentagrophytes 36, T. rubrum 16, T. megninii 1, T.
equinum 1, T. soudanense 1, T. schoenleinii 1 and T. tonsurans 1), 24 strains
belonging to genus Microsporum (M. canis 20, M. audouinii 1, M. gypseum 1,
M. persicolor 1, M. species 1) and 5 strains of Epidermophyton floccosum (E.
floccosum). Control strains of dermatophytes that had been tested on myco-
biotic agar (Mycosel, Oxoid, UK) (T. schoenleinii, T. soudanense, T. equinum,
T. megninii, T. tonsurans, M. audouinii and M. persocolor) were obtained
thanks to Dr. Mary Moore (Department for Mycology, St. John's Institute for
Dermatology, St. Thomas Hospital, London, UK).

Each strain was seeded on Sabouraud dextrose agar (SDA) (Torlak); Sa-
bouraud maltose agar (SMA) (Torlak); two experimental media made by mo-
dification of composition of standard Sabouraud dextrose agar, termed SA-2
and SA-3 (Torlak); Sabouraud-Chloramphenicole agar (Biomerieux, France);
Sabouraud-Chloramphenicole agar (Himedia, India); glucose-peptone agar (GPA)
(medium made in our laboratory with peptone manufactured by Himedia, In-
dia) and Sabouraud Emmons Dextrose Medium with Chloramphenicole and
Cycloheximide (BL) (Biolife, Italy). The experimental media SA-2 and SA-3
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were modified Sabouraud dextrose media: SA-2 with changed peptone compo-
sition and SA-3 with changed peptone composition and concetration of gluco-
se (2%). Media were poured in Petri dishes of 19 cm in diameter, about 5 mm
thick. Fungal innocula of pinhead size were seeded using a needle, on three
spots. Cultures were incubated in the dark at 27°C. Growth has been observed
for 3 weeks, and examination of colonies was done after 7,14 and 21 days.
Examination of colonies included: measuring of colony diameter depending on
the duration of incubation, morphology of colony surface (with detailed record
of the following parameters: uniformity, typical morfology regarding identifi-
cation keys, and pigment), pigment on the reverse of the colony and microsco-
pic findings.

The criteria for evaluation of the tested media were based on common
morphology of dermatophytes on mycobiotic agar (Mycosel, Oxoid, UK), and
on the identification keys (3, 6, 8).

RESULTS

Results of examination of Trichophyton mentagrophytes strains are shown
in Table 1.

Table 1. Trichophyton mentagrophytes (n = 36)

Parameters Details Colony morphology

colony diameter
(7 days)

without AB*
with AB

21—48 mm
14—33 mm

colony morphology uniformity typical
appearance colour

stable within species not depending on the
medium after 7 days center folded or bulged

pigment on the
reverse of the colony

colour most
intense

white cream (2 species: yellow and greyish)
brownish red (varies from yellow
to brown) BL, SA-3, SA-2

microscopic
examination

optimal
identification

SA-3 best (macroconidia, microconidia and
spiral hyphae), on SA-2 no macroconidia,
on BL chlamydospores dominate

* AB — antibiotic (chloramphenicole and/or actidione)
Notes:
1. After the second week colony diameter equalizes, independent on the presence of antibiotics in

the media.
2. No connection was found between the shape of the center and the type of medium.
3. Diagnosis of T. mentagrophytes can be made in one week.

Results of examination of Trichophyton rubrum strains are shown in
Table 2.

293



Table 2. Trichophyton rubrum n = 16

Parameters Details Colony morphology

colony diameter
(7 days)

without AB
with AB

10—28 mm
5—20 mm

colony morphology uniformity
partial: all species are the same on the same
medium; morphology depends on the medium
not on the species

typical appearance
colour SA-2, SA-3, SDA

pigment on the
reverse of the
colony

colour

most intense

white (9 species: yellow, greyish or reddish
after 2 weeks) brownish red (varies from
yellow to brown after 2 weeks) SA-2, SA-3;
best after 7 days

microscopic
examination

optimal
identification

SA-3 the best (macro i microconida, spirals),
on SA-2 no macroconidia, SDA, on BL
chlamydospores dominate

Note: Diagnosis of T. rubrum can be made after two weeks.

Results of examination of Microsporum species strains are shown in
Table 3.

Tabela 3. Microsporum species (canis, audouinii and species) n = 23

Parameters details colony morphology

colony diameter
(7 days)

with and without
AB note

10—46 mm

great variation, does not depend on
AB in the medium

uniformity no*

colony
morphology** typical appearance partial, species within gender difficult to

differentiate

colour white-orange

pigment on the
reverse of the
colony

colour
most intense

orange
variable SA-3, SA-2

note intensity of pigment depends on a species

microscopic
examination after 2 to 3 weeks SDA for 7 days macroconidia, a few days later

also on SA-2, SA-3

* Four types of colonies could be differentiated: aberant, with fine mycelium grown in the medi-
um, orange white colonies and white with aboundant mycelium (sterile).
** Morphology depended on the type of medium, not on the species. Typical morphology was
present on SA-2 and SA-3, on SMA not satisfactory. On BL medium 5 of 11 species had
satisfactory morphology.

Note: M. audouinii had most typical colonies on SMA and BL.

On all the media the appearance of Epidermophyton floccosum was uni-
form and typical. Colony diameter was 6 to 11 mm after 7 days on media with
antibiotics, and 11 to 15 mm on media without antibiotics. Microscopic identi-
fication was possible after 7 to 14 days.
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Comparative analyses of the control strains on the mycobiotic agar
(Mycosel, Oxoid, UK) and our tested media

M. persicolor

The diameter of a colony after 7 days on mycobiotic agar was 25 mm,
and on our tested media 22—25 mm without antibiotics, and 16—22 mm with
antibiotics. On all the media colonies granulated surface and cream white colo-
ur with bulging center, except on SMA where the colour was rose. Pigment on
the reverse of the colony was brown on mycobiotic agar, rose on SMA, and
various intensity of yellow-brown on the other media, the strongest on SA-3.
Microscopic examination of colonies grown on the mycobiotic agar revealed
characteristic microconidia, macroconidia and spiral hyphae. Macroconidia and
microconidia were found in colonies from SA-3, SDA and GPA, and only
microconidia in colonies grown on the rest of the tested media.

T. equinum

The diameter of a colony after 7 days on mycobiotic agar was 30 mm,
and on our tested media 25 mm without antibiotics and 18—20 mm with anti-
biotics. On all the media colonies were almost identical: flat, disheveled, with
edges immersed in the media, coloured white to yellow. Pigment on the back
of the colony was brown in the center and yellow on the circumference. The
findings on SA-3 matched the most with the findings on the mycobiotic agar.
Characteristic microconidia were found by microscopic examination of a co-
lony from mycobiotic agar, while macroconidia in addition to microconidia of
a colony from SA-3.

T. megninii

The diameter of a colony after 7 days on mycobiotic agar was 12 mm,
and on our tested media 10—16 mm not depending on the presence of antibio-
tics. On mycobiotic agar the colony was flat, white, velvety, developing a rose
pigment only after the second week. On our tested media colonies were uni-
form, white coloured with bulging center and the formation of radial grooves
after the third week of incubation. Pigment on the reverse of the colony was
characteristic light red only on the mycobiotic agar, and on our tested media
no pigment was produced. Beside findings on the mycobiotic agar, microsco-
pic examination was characteristic on SMA (macroconidia and microconidia),
and only microconidia on SDA, SA-3 and BL.

T. tonsurans

The diameters of colonies after 7 days were about the same on all the
media, including mycobiotic agar. Colonies were powdery, cream to brown
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coloured, also identical on all the media. The pigment on the reverse of colo-
nies was characteristic — yellow-brown — on the mycobiotic agar. On our te-
sted media the production of pigment was satisfactory on SA-3, SDA and BL.
Besides typical microscopic findings on mycobiotic agar (microconidia, baloon
forms and chlamydospores), the same morphology was found on SA-2 and
SA-3.

T. schoenleinii and T. soudanense were of the same morfology on all the
tested media, including the mycobiotic agar.

Comparing the parameters of examination we found that the presence of
antibiotics in a medium, no matter whether they were antibacterial (Chloramp-
henicol) or antimycotic (Actidione), had influence on growth of the majority
of dermatophytes in the first week of incubation, reflecting on diameters of co-
lonies, with exception of T. tonsurans, T. megninii and genus Microsporum.

Morphology of all the strains of T. mentagrophytes was uniform on all
the media, in contrast to T. rubrum where morphology was more depending on
the type of the medium. Therefore, usage of a non-standard medium in practi-
ce could lead to mistakes in diagnosis of T. rubrum.

Examination of 20 strains of M. canis established that colonies were di-
stinguished as members of the genus Microsporum, but variations in appearan-
ce were present. We noted that the difference in morphology was due to the
type of medium, and not to strain type.

Colonies of Epidermophyton floccosum were typical and uniform on all
the media, as were control strains of T. schoenleinii and T. soudanense. Other
control strains of M. persicolor, T. tonsurans and T. equinum were of almost
identical morphology on all the media, including mycobiotic agar (Mycosel,
Oxoid, UK), in contrast to T. megninii which showed somewhat different
morphology on mycobiotic agar than on the other media.

The colour of colonies of all the tested strains corresponded to the de-
scription in identification guides. The control strain of M. persicolor was rose
coloured on SMA, but cream on all the other media. For that reason SMA co-
uld be used for differential diagnosis of T. mentagrophytes and M. persicolor.

All tested strains of dermatophytes, except T. megninii and T. schoenlei-
nii, produced pigment of various intensity depending on the type of medium
or on the strain, which diffused into the media. SA-2 and SA-3 were most sti-
mulative for the pigment production in T. mentagrophytes, T. rubrum and Mic-
rosporum species. Besides, SA-2 and SA-3 media performed best results in the
production of characteristic structures for asexual reproduction of dermato-
phytes, which contributed to clarity of microscopic morphology of all the stra-
ins of Trychophyton, except T. megninii. The control strain of T. megninii de-
veloped more complete motphology on SMA. Microscopic finding of Micro-
sporum strains was better on SDA, where typical macroconidia developed in 7
days, though they did develop on SA-2 and SA-3 in the second week of incu-
bation. The control strain of M. audoinii demonstrated the best morphology on
SMA.
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DISCUSSION

The number of dermatophyte species is large, but only most commonly
isolated in our country were included in this study (2).

Specialized laboratories in the world mostly use mycobiotic agar for iso-
lation of dermatophytes (7). DTM (Dermatophyte Test Medium) and a new
DIM (Dermatophyte Identification Medium) are used for quick diagnosis of
dermatophytes (11). Diagnostic principle in these media is based on production
of alcaline metabolic products during growth — a feature that distinguishes
dermatophytes from saprophytic moulds. That leads to change in colour of a
medium (indicator is phenol-red in DTM, and brom-cresol-purple in DIM).
These media are mostly used in field research or in non-specialized laborato-
ries.

Dermatophytes are identified on the basis of colony morphology, growth
rate, pigment production, microscopic findings and physiological features. Most
strains of dermatophytes can be identified basing on their macroscopic and
microscopic features in primary culture. For further identification Lactrimel-
-agar and Trichophytone agars 1—7 (Difco) could be used, as well as a num-
ber of physiological tests (production of urease, hair perforation test etc.).

In addition to mentioned media, which are special for dermatophytes,
standard Sabouraud agar can also be used. Standard Sabouraud agar is a medi-
um consisting of 1% peptone, 1.5—2% agar, and 4% glucose, with final pH
5.6 (1). In practice, composition of Sabouraud media made by different manu-
facturers quite varies (1). Differences in media composition lead to differences
in morphology and lack of reproducibility in diagnosis of colonies (1, 10). The
most important component of the medium, one that morphology and especially
pigment production depends on, is peptone (4). Peptones present in commer-
cial Sabouraud media can be restrictively divided according to: enzyme used
for peptone hydrolyses (pancreatic, peptic, papaic), protein source (casein,
soya, meat), and according to purpose (mycological). These media are also dif-
ferent in final pH (5.6—6.8). Mycobiotic agar has similar composition as Sa-
bouraud agar, but it contains plant source peptone (phytone peptone) (1%),
dextrose (1%), actidione (0,04%) and chloramphenicole (0,005%) (7).

In our country only a few laboratories were able to perform isolation of
dermatophytes on mycobiotic agar. One of the authors (N. B.) spent most of
her long-standing experience working with Sabouraud dextrose agar supple-
mented with penicillin, streptomycin and cycloheximide for isolation of der-
matophytes. Differential diagnosis of dermatophytes on that medium was not
simple. Therefore, in this study, modifications of present Sabouraud dextrose
agar (Torlak) were undertaken, which were supposed to enable faster and more
accurate diagnosis of dermatophytes on an easily accessible and economic me-
dium.

By changing the peptone type and dextrose concentration in Sabouraud
dextrose agar (Torlak) we obtained a new medium SA-3, which enabled isola-
tion and identification of majority of species of dermatophytes in our region
according to identification guides.
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Conclusion: Experimental medium SA-3 (Torlak) demonstrated the best
results in identification of dermatophytes in this study. Macroscopic and mic-
roscopic morphology of dermatophytes on this medium corresponds the most
with morphology of these fungi on standard media that contain mycological
peptone as a main component. Sabouraud dextrose agar (Torlak), which was
used in our country for primary isolation of dermatophytes, can be used for
identification of M. canis because it supports production of macroconidia
already in the first week of incubation. On all the media T. mentagrophytes
can be diagnosed after 7 days, while for the identification of other species of
dermatophytes more than 14 days is necessary.
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MODIFIKOVANI SABURO DEKSTROZNI AGAR ZA IZOLACIJU
I IDENTIFIKACIJU DERMATOFITA

Nina M. Bulajiã, Dragana M. Ivanoviã, Milan Z. Saviã

Rezime

Dermatomikoze su široko rasprostrawena oboqewa svugde u svetu. Najåe-
šãi uzroånici dermatomikoza su gqive iz rodova Trichophyton, Microsporum i
Epidermophyton. Za izolaciju dermatofita uglavnom se koriste mikobiotski
agar, dermatofit-test agar, Saburo agar sa originalnom formulom ili Emonso-
va modifikacija Saburo agara sa i bez antibiotika i cikloheksimida. Peptoni
su najznaåajnija komponenta podloga koja omoguãava adekvatnu reproduktivnost u
identifikaciji dermatofita. U našoj zemqi se ne proizvodi standardna pod-
loga za izolaciju dermatofita. Ciq ovog rada je bio da se kreira optimalna,
lako dostupna i ekonomiåna podloga, koja omoguãava izolaciju i identifikaci-
ju dermatofita prema kriterijumima za morfološku dijagnostiku predviðenim
vodiåima za identifikaciju.

Pregledano je 57 sojeva roda Trichophyton, 24 sojeva roda Microsporum i 5
sojeva Epidermophyton floccosum (E. floccosum). Svaki soj je zasejan na Saburo
dekstrozni agar (Torlak), Saburo maltozni agar (Torlak), dve eksperimentalne
podloge nastale modifikovawem sastava standardnog Saburo dekstroznog agara
pod radnim nazivom SA-2 i SA-3 (Torlak), Saburo-hloramfenikol agar (Bio-
merieux, Francuska), Saburo-hloramfenikol agar (Himedia, Indija), glukozo pep-
tonski agar (sa peptonom Himedia, Indija) i Saburo Emons dekstrozni agar sa
hloramfenikolom i cikloheksimidom (Biolife, Italija). Kriterijumi za ocenu
ispitivanih podloga ustanovqeni su na osnovu poznate morfologije koju sojevi
dermatofita pokazuju na mikobiotskom agaru (Mycosel, Oxoid, Velika Britanija)
i na osnovu kquåa za identifikaciju gqiva.

Morfologija kolonija Trichophyton mentagrophytes (T. mentagrophytes) bila
je uniformna na svim podlogama, dok je morfologija Trichophyton rubrum (T. ru-
brum) i Microsporum canis (M. canis) više zavisila od vrste podloge nego od so-
ja. Kolonije E. floccosum su bile tipiåne i uniformne na svim ispitivanim
podlogama, kao i kontrolni sojevi Trichophyton schoenleinii (T. schoenleinii) i
Trichophyton soudanense (T. soudanense). Eksperimentalna podloga SA-3 pokazala
je najboqe rezultate u identifikaciji dermatofita u ovoj studiji. Makroskop-
ska i mikroskopska morfologija dermatofita na ovoj podlozi najviše odgovara
morfologiji ovih gqiva na standardnim podlogama u kojima se kao glavna kom-
ponenta nalazi mikološki pepton. Saburo dekstrozni agar (Torlak), koji se
dosada u našoj zemqi koristio za primarnu izolaciju dermatofita, moÿe se
koristiti u identifikaciji M. canis jer potpomaÿe produkciju makrokonidija
veã u prvoj nedeqi inkubacije. Na svim podlogama T. mentagrophytes se moÿe
dijagnostikovati nakon 7 dana, dok je za identifikaciju ostalih vrsta dermato-
fita potrebno više od 14 dana.
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EFFICIENCY OF PC GENES OF RESISTANCE
TO PREVALENT PATHOTYPES OF

PUCCINIA CORONATA AVENAE

ABSTRACT: This paper deals with efficiency of some Pc genes of resistance to pre-
valent pathotypes of crown rust causer in oat. It was found that in seedlings stage the most
efficient were genes Pc 68 and Pc 39 (100%). Satisfying degree of efficiency demonstrated
genes Pc 38 and Pc 55 (87,5%). Majority of genes expressed partial resistance. Efficiency
of Pc genes of resistance to prevalent pathotypes of pathogen in both years of investigation
was satisfying and it was 61,45%.

KEY WORDS: efficiency, oats, Pc genes, Puccinia coronata avenae, resistance

INTRODUCTION

Leaf rust of oat, with its causer Puccinia coronata avenae, is frequent
and economically very important oats disease (H a r d e r and H a b e r, 1992;
Š e b e s t a et al., 1996; C h o n g and A u n g, 1996; A u n g et al., 1996).
There is small number of data for appearance and damages caused by this pa-
rasite in SCG. This disease is appearing frequently, while strong attack was
noticed in 1959 (K o s t i ã, 1965). S t o j a n o v i ã et al., (1995) pointed out
that crown rust is broadly distributed in Serbia, but the intensity of its deve-
lopment is different in some years and locations. In conditions of epidemic,
grain yield is lower from 30 to 50% (H o h r j a k o v a and F e d o r o v a,
1975).

Different strategies were applied in breeding of oats for resistance to this
pathogen. Basic goal was in generally to control intensity of disease develop-
ment on low level, and in that way to make possible a stabile production. One
of significant strategies is incorporation of more major genes for resistance in
new cultivar (M u n d t, 1990; B o š k o v i ã et al., 2000).
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The goal of these investigations was to establish efficiency of some Pc
genes of resistance to prevalent pathotypes of P. coronata avenae.

MATERIAL AND METHODS

Investigations were carried out during 1999 and 2000 year in Center for
Small Grains in Kragujevac. Establishment of virulence formulas of prevalent
pathotypes was performed by set of isogenic lines of oats with famous genes
for resistance (Pc 38, Pc 39, Pc 48, Pc 50, Pc 50-2, Pc 54-1, Pc 54-2, Pc 55,
Pc 56, Pc 58, Pc 59, Pc 60, Pc 61, Pc 62, Pc 63, Pc 64, Pc 67 and Pc 68),
according to methods of G r e e n, 1965; Š e b e s t a and H a r d e r, 1983).

Resistance of seedlings of genotypes with known Pc genes for resistance
was examined in controlled conditions (growth chamber). Inoculation of see-
dlings by pure cultures of prevalent pathotypes with pathogen formulae (A/V):
38, 39, 48, 50-2, 54-1, 54-2, 55, 58, 60, 61, 62, 67, 68/50, 56, 59, 63, 64 and
38, 39, 48, 54-1, 55, 56, 58, 59, 60, 63, 68/50, 50-2, 54-2, 61, 62, 64, 67, was
performed in stage of full development of the first leaf, and after 12—14 days
it was estimated the type of their reaction by determination of types of infec-
tion from 0 to 4 (S t a k m a n et al., 1962).

Efficient were those genes, which in interaction with genes for virulence
of pathogen made possible expression of resistant (0—2), and inefficient those
that caused expression of susceptible types of infection (3—4).

RESULTS OF INVESTIGATIONS

The obtained results show that efficiency of Pc genes to causer of P. co-
ronata avenae was different, which is noticeable from the data presented in
Table 1.

In 1999 season, the most efficient were genes Pc 39, Pc 39, Pc 54-1 and
Pc 68 with 100% efficiency to prevalent pathotypes of the mentioned patho-
gen. On the other side, the lowest efficiency demonstrated genes Pc 39, Pc 63,
Pc 64 and Pc 67 (25%). Efficiency of genes Pc 48, Pc 50, Pc 56 and Pc 58
was 50%, and genes Pc 50-2, Pc 54-2, Pc 55, Pc 60, Pc 61 and Pc 62, 75%,
which points out their medium efficiency.

In the 2000 season, genes Pc 39, Pc 48, Pc 55, Pc 56, Pc 59 and Pc 68
demonstrated the highest efficiency (100%), which means that for these genes
of resistance in population of pathogen were not present adequate alleles of vi-
rulence. High efficiency expressed gene Pc 58, which was 87,5%. The lowest
efficiency (0%) had genes Pc 50-2 and Pc 54-2, for which, all pathotypes
were virulent. Very low efficiency (12,5%) demonstrated also genes Pc 61, Pc
64 and Pc 67. The rest genes Pc 38, Pc 50, Pc 54-1, Pc 60, Pc 62 and Pc 63
were middle efficient to population of pathogen and their efficiency ranked
from 25% to 75%.

The most efficient in both years of investigations were genes Pc 39 and
Pc 68 (100%). High efficiency expressed genes Pc 38 and Pc 55 which was
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87,5%. Resistance of majority of the rest Pc genes ranked from 18,75% to
81,25%. Genes Pc 64 and Pc 67 were very low efficient (18,75%).

Average efficiency of genes of resistance in the first year of investigati-
ons was 63,88% and it was something higher than the average efficiency of
genes in the season 2000, which was 59,02%. Efficiency of Pc genes of resi-
stance to prevalent pathotypes of pathogen in both years of investigations was
sufficient and it was 61,45%.

DISCUSSION

Resistance of oats to P. coronata avenae is controlled by different genes,
which were marked by starting fonts of pathogen (Pc). Existence of good so-
urces of resistance, as well as knowledge of efficiency of Pc genes, present the
basis for oats breeding in the goal of creation of resistant cultivars against this
pathogen.

The number of genes, which control resistance of oat to causer of crown
rust in some cultivar is great and can vary from one to several tens. S i -
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Table 1. Efficiency of Pc genes of resistance to prevalent pathotypes of Puccinia coronata avenae
in 1999 and 2000 seasons

Pc
genes

1999. 2000.

AverageR* S* R S

¥ % ¥ % ¥ % ¥ %

38 4 100.00 0 0.00 6 75.00 2 25.00 87.50

39 4 100.00 0 0.00 8 100.00 0 0.00 100.00

48 2 50.00 2 50.00 8 100.00 0 0.00 75.00

50 2 50.00 2 50.00 2 25.00 6 75.00 37.50

50-2 3 75.00 1 25.00 0 0.00 8 100.00 37.50

54-1 4 100.00 0 0.00 5 62.50 3 37.50 81.25

54-2 3 75.00 1 25.00 0 0.00 8 100.00 37.50

55 3 75.00 1 25.00 8 100.00 0 0.00 87.50

56 2 50.00 2 50.00 8 100.00 0 0.00 75.00

58 2 50.00 2 50.00 7 87.50 1 12.5 68.75

59 1 25.00 3 75.25 8 100.00 0 0.00 62.50

60 3 75.00 1 25.00 5 62.50 3 37.50 68.75

61 3 75.00 1 25.00 1 12.50 7 87.50 43.75

62 3 75.00 1 25.00 3 37.50 5 62.50 56.25

63 1 25.00 3 75.00 6 75.00 2 25.00 50.00

64 1 25.00 3 75.00 1 12.50 7 87.50 18.75

67 1 25.00 3 75.00 1 12.50 7 87.50 18.75

68 4 100.00 0 0.00 8 100.00 0 0.00 100.00

Mean 63.88 59.02 61.45

* R — resistant; S — susceptible



m o n s et al. (1978) in their catalogue presented the list of 61 Pc genes of re-
sistance. According to recent knowledge, today over 90 Pc genes of resistance
(C h o n g and B r o w n, 1996) are famous.

Efficiency of Pc genes was the object of many investigations in the world
(Š e b e s t a et al., 1987, 1995, 1997, 2003; M a n i s t e r s k i and W a h l,
1995; C h o n g, 1996; C h o n g and A u n g, 1996; L e o n a r d and A n i k -
s t e r, 1996; D i l k o v a and F o r s b e r g, 1996), as well as in our country
( K o s t i ã, 1964; S t o j a n o v i ã et al., 1995; S t a l e t i ã et al., 2002). In
dependence on virulence of population of pathogen, efficiency of identified ge-
nes of resistance was different.

Our results demonstrate that the most efficient in both years of the inve-
stigation were genes Pc 68 and Pc 39 (100%). M a n i s t e r s k i and W a h l
(1995) emphasized that line with Pc 68 gene was completely resistant in stage
of seedlings, which is in agreement with the obtained results. Š e b e s t a et
al., (1996) pointed out that genes Pc 39, Pc 55, Pc 58 and Pc 68 are very effi-
cient in seedlings stage. Also, significant efficiency of gene Pc 68 (99%)
found L e o n a r d and A n i k s t e r (1996) in USA, as well as B o n n e t t
(1996) in Australia. During the period from 1995 to 2001, those genes in Eu-
rope demonstrated very high efficiency, Pc 68 (99%) and Pc 39 (94%), (Š e -
b e s t a et al., 2003).

In our study, except of genes Pc 68 and Pc 39, as efficient appeared ge-
nes Pc 38 and Pc 55 (87,5%) and Pc 54-1 (81,25%), too. Line with gene Pc
38, in former studies (K o s t i ã, 1964; S t o j a n o v i ã et al., 1995) expressed
high resistance, which is in agreement with the obtained results, however, in
recent years in our population of pathogen appeared pathotypes with alleles of
virulence for Pc 38 gene (S t a l e t i ã et al., 2002).

The greatest number of genes expressed partial efficiency which was
from 37,5% to 75%. Low efficiency expressed genes Pc 64 and Pc 67
(18,75%).

The results related to efficiency of genes for resistance are not universal,
since they can be different depending on areas and of specific structure of po-
pulation of pathogen, as well as ecologic factors (L a m p e r t et al., 1990).
Observing efficiency of genes per year it can be noticed that some genes (Pc
38, Pc 39, Pc 54-1 and Pc 68) in 1999 and genes (Pc 39, Pc 48, Pc 59 and Pc
68) in 2000 expressed high efficiency, that is, they did not have alleles of vi-
rulence in population of pathogen. Y u k h n i n a et al., (1996) emphasized
significance of line with gene Pc 59, which possesses high resistance to causer
of crown rust of oat, but also, excellent agronomic characteristics. In the 2000
year, gene Pc 54-2 was completely inefficient (0%). In breeding programs for
resistance there are being used those genes to which the 90% of pathotypes of
pathogen are avirulent (K r i v å e n k o and S u k h a n b e r d i n a, 1978).

On the basis of the obtained results it could be concluded that the
efficiency of Pc genes for resistance to prevalent pathotypes of P. coronata
avenae was middle (61,45%), which points at a need for invention of new do-
nors of Pc genes of resistance because of their usage in oats breeding for resi-
stance to this pathogen.
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EFIKASNOST PC GENA OTPORNOSTI PREMA PREVALENTNIM
PATOTIPOVIMA PUCCINIA CORONATA AVENAE

Mirjana D. Staletiã, Srbibran D. Stojanoviã, Milivoje S. Milovanoviã
Institut za istraÿivawa u poqoprivredi SRBIJA — Beograd,

Centar za strna ÿita, Kragujevac, S. Kovaåeviãa 31, 34000 Kragujevac, SCG

Rezime

U radu je dat pregled efikasnosti nekih Pc gena otpornosti prema preva-
lentnim patotipovima prouzrokovaåa lisne rðe ovsa. Utvrðeno je da su u fazi
sejanaca najefikasniji bili geni Pc 68 i Pc 39 (100%). Zadovoqavajuãi stepen
efikasnosti ispoqili su i geni Pc 38 i Pc 55 i ona je iznosila 87,50%. Veãi-
na gena je ispoqila parcijalnu otpornost. Efikasnost Pc gena otpornosti pre-
ma prevalentnim patotipovima patogena u obe godine ispitivawa bila je zado-
voqavajuãa i iznosila je 61,45%.
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