




МАТИЦА СРПСКА
ОДЕЉЕЊЕ ЗА ПРИРОДНЕ НАУКЕ

З Б О Р Н И К
МАТИЦЕ СРПСКЕ ЗА ПРИРОДНЕ НАУКЕ

MATICA SRPSKA
DEPARTMENT OF NATURAL SCIENCES

PROCEEDINGS FOR NATURAL SCIENCES

Покренут 1951 / First published in 1951.

Published as Научни зборник, серија природних наука until the tenth issue (1955), as the 
Series for Natural Science from the eleventh issue (1956) — Зборник за pриродне науке, 

and under its present title since the sixty-sixth issue (1984)

Главни уредници / Editors-in-Chief

Miloš Jovanović (1951), Branislav Bukurov (1952—1969), 
Lazar Stojković (1970—1976), Slobodan Glumac (1977—1996), Rudolf Kastori (1996—)

121

Уредништво / Editorial Board Consulting Editors
S. GAJIN A. ATANASSOV, Bulgaria
V. JANJIĆ P. HOCKING, Australia
V. JOVIĆ A. RODZKIN, Belorusija
L. DOVNIKOVIĆ M. SIMMONDS, UK
D. KAPOR S. STOJILKOVIC, USA
R. KASTORI G. SCHILING, Germany
L. LEPŠANOVIĆ GY. VARALLYAY, Hungary
I. MAKSIMOVIĆ
V. MARIĆ
S. PETROVIĆ
S. ĆURČIĆ

Articals are available in full-text at the web site of Matica Srpska and in the fol-
lowing data bases: Serbian Citation Index, EBSCO Academic Search Complet, 
abstract level at Agris (FAO), CAB Abstracts, CABI Full-Text and Thomson 
Reuters Master Journal List.

Главни и одговорни уредник / Editor-in-Chief
RU D O L F  K A S T O R I



YU ISSN 0352-4906 UDK 5/6 (05)

M AT I CA  S R P S K A
PRO C E E DI N G S  F O R

N AT U R A L  S C I E N C E S

121

NOVI SAD
2011



4



5

CONTENTS
САДРЖАЈ

ARTICLES AND TREATISES
ЧЛАНЦИ И ПРИЛОЗИ

S l a v i c a  S .  Ć i r i ć ,  O l g a  V .  P e t r o v i ć ,  Z o r a n  Ž .  I l i ć ,  B o ž i d a r 
N .  M i l o š e v i ć ,  Z v o n k o  L j .  S p a s i ć , Examination of bacteriological 
status of surface freshwaters using direct and cultivation methods – Испитивање 
бактериолошког статуса површинских вода применом директне и култи-
ва ционих метода . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Z o r a  Z .  J e l e s i ć ,  D e a n a  D .  M e d i ć ,  M i r a  M .  M i h a j l o v i ć - U k r o  p i -
n a ,  M a r i j a  R .  J e v t i ć ,  V e r a  P .  G u s m a n ,  B i l j a n a  J .  R a  d o -
 s a v l j e v i ć ,  B i l j a n a  T .  M i l o s a v l j e v i ć , Susceptibility to antifungal 
agents of Candida spp. from blood and feces collected in Novi Sad in 3-year period 
(2008–2010) – Осетљивост на антимикотике изолата Candida spp. из крви и 
фецеса прикупљених у Новом Саду у трогодишњем периоду (2008–2010) . . . 

I g o r  O .  G o j k o v i ć ,  S m i l j a n a  D .  P a r a š ,  R a d o s l a v  B .  G a j a n i n , 
M i  l i c a  D .  M a t a v u l j ,  Ve s n a  K .  R a j k o v i ć ,  G o r a n  D .  S p a  s o -
j e  v i ć ,  The influence of extremely low-frequency electromagnetic field on the 
basal ganglia structures of the rat brain – Утицај екстремно ниско-фреквентног 
електромагнетног поља на структуре базалних ганглија мозга пацова . . . .

D r a g i c a  M .  S t a n k o v i ć ,  B o r i v o j  Đ .  K r s t i ć ,  M i r j a n a  T .  Š i j a  č i ć - 
- N i  k o  l i ć ,  M i l a n  N .  K n e ž e v i ć ,  Concentracions of manganese and 
iron in some woody and herbs plants – Концентрација мангана и гвожђа у 
неким вишегодишњим дрвенастим и зељастим врстама . . . . . . . . . . . . . . . .

A l e k s a n d r a  S .  B o č a r o v - S t a n č i ć ,  S l a v i c a  Ž .  S t a n k o v i ć ,  J e l e -
n a  T .  L e v i ć ,  N a t a š a  M .  S a l m a ,  V l a d i m i r  R .  P a n t i ć ,  S a š a 
S .  B a r n i ć ,  In vitro degradation of diacetoxyscirpenol and T-2 toxin by use 
of Mucor racemosus Fresen. f. racemosus isolate – In vitro деградација диаце-
ток сисцирпенола и Т-2 токсина посред ством изолата Mucor racemosus Fre-
sen. f. racemosus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

V a h i d  R a h j o o ,  M a r y a m  P a r c h a m i a n ,  M o h a m m a d  T a g h i  F e i z -
b a k h s h ,  M a j i d  Z a m a n i ,  Quantization of total fumonisins produced by 
Fusarium verticillioides strains in some maize and sorghum genotypes by ELISA 
– Квантизација укупних фумонизина које стварају сојеви Fusarium verticil-
lioides код неких генотипова кукуруза и сирка помоћу ЕЛИСА теста . . . . .

7

19

27

39

51

61



M a j i d  Z a m a n i ,  V a h i d  R a h j o o ,  M a r y a m  P a r c h a m i a n , Evaluation 
of the reaction of early maturing maize genotypes to common smut using artifi-
cial inoculation – Евалуација отпорности генотипова раног кукуруза на гар 
помоћу вештачке инокулације . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F e r e n c  F .  B a l a ž ,  M a r i j a  I .  B o d r o ž a  S o l a r o v ,  J o v a n a  N .  V u č -
k o v i ć ,  F e r e n c  F .  B a g i ,  Effects of chemical treatments on infestation 
of Alternaria spp. and Fusarium spp. in corelation with technological wheat quality 
– Утицај хемијске заштите на интензитет заразе врстама из рода Alternaria 
spp. и Fusarium spp. у корелацији са технолошким квалитетом . . . . . . . . . .

F r a n c  Č u š ,  N e ž a  J .  Č a d e ž ,  P e t e r  I .  R a s p o r ,  Fungicide residues in 
grapes determined the dynamics of Saccharomyces cerevisiae strains during 
spontaneous wine fermentation – Остаци фунгицида у грожђу одређују ди на-
мику сојева Saccharomyces cerevisiae у току спонтане ферментације вина . .

M a r i j a  M .  Š k r i n j a r ,  M a r i j a n a  M .  V i š i ć - V i ć a n o v i ć ,  N e v e n a  T . 
B l a g o j e v ,  Z o r i c a  S .  T a t a l o v i ć ,  V e s n a  J .  K r u n i ć ,  Xerophilic 
mycopopulations of teas in bulk – Ксерофилне микопопулације чајева у 
ринфузи . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

M a r i j a  M .  Š k r i n j a r ,  L j i l j a n a  S .  P e t r o v i ć ,  N e v e n a  T .  B l a g o -
j e v ,  V l a d i s l a v a  M .  Š o š o ,  Air mycopopulations in Petrovská klobása 
producing facility – Плесни у ваздуху просторија за производњу и зрење 
Петро вачке кобасице . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D r a g u t i n  A .  Đ u k i ć ,  L e k a  G .  M a n d i ć ,  L i d i j a  B o ž a r i ć ,  B o j a n a 
D .  T r i f u n o v i ć ,  M a r i j a n a  I .  P e š a k o v i ć ,  Potentially pathogenic, 
pathogenic and allergenic moulds in the urban soils – Потенцијално патогене, 
патогене и алергене плесни урбаних земљишта . . . . . . . . . . . . . . . . . . . . . . .

Instruction to Authors – Упутство ауторима . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

71

79

85

103

115

125

133

6



UDC 556.5:579.68
DOI:10.2298/ZMSPN1121007C

S l a v i c a  S .  Ć i r i ć 1 ,  O l g a  V .  P e t r o v i ć 2 ,  Z o r a n  Ž .  I l i ć 1 , 
B o ž i d a r  N .  M i l o š e v i ć 1 ,  Z v o n k o  L j .  S p a s i ć 1

1 University of Priština, Faculty of Agriculture, Kopaonička Street bb, 38219 Lešak, Serbia, 
E-mail: slavica.ciric@open.telekom.rs

2 University of Novi Sad, Faculty of Sciences, Trg Dositeja Obradovića 3, 21000 Novi Sad, Serbia

EXAMINATION OF BACTERIOLOGICAL STATUS 
OF SURFACE FRESH WATERS USING DIRECT

AND CULTIVATION METHODS

ABSTRACT: The number of bacteria in surface waters reflects the current state of 
waters and their trophicity, and it is the first parameter that is affected by the anthropo-
genic contamination. Traditionally, quantification of bacteria in waters is performed using 
the cultivation methods. However, all these methods detect only cultivable bacteria; the 
results depend on the incubation conditions, and the results are obtained after several days. 
These deficiencies are solved by using direct methods. 

This work is the first bacteriological examination of the reservoir Ćelije and its tribu-
taries by using a direct method of quantification. 

Total of 343 samples of water from the reservoir and its tributaries were processed. In 
each sample, the count of aerobic mesophilic bacteria was determined using cultivation 
method was involving involved inoculation of samples on high-nutrient PCA medium and 
on low-nutrient R2A medium, and incubation for 7 days at room temperature.

The total number of bacteria was determined by epifluorescence microscopy tech-
nique after filtration of samples previously stained with acridine orange.

Using the cultivation methods, the highest number of bacteria was recorded in the 
river of Blatašnica on R2A medium (56,535 CFU/ml), and lowest in the basin Vodozahvat 
on PCA medium (1,364 CFU/ml). According to the results from R2A, water belonged to the 
class of water of poorer quality compared to the results from the PCA. The results obtained 
by the direct method were correlated with cultivation methods.

The significantly highest number of bacteria was obtained by epifluorescence micro-
scopy, and the lowest on PCA medium. If the application of direct method for some reason 
is not possible, the real results of bacteriological state of surface waters can be obtained by 
inoculation of samples on R2A medium with adequate incubation conditions.

KEY WORDS: surface waters, bacteriological status, epifluorescence microscopy, 
PCA medium, R2A medium

INTRODUCTION

Bacterioplankton abundance is an indicator of trophic status of surface 
waters, because it is primarily responsible for turnover of nutrients and de-
composition of organic matter in waters (F i s h e r  et al., 2000). The number 
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of bacteria is limited by the quantity and quality of matter that enters the wa-
ter, and many biotic and abiotic factors. The number of bacteria in surface 
waters reflects the current state of waters and their trophicity, and is also usu-
ally the first parameter that is affected by the anthropogenic contamination 
(K a l w a s i ń s k a  and D o n d e r s k i , 2003).

Traditionally, quantification of bacteria in waters is performed by culti-
vation methods with different media and incubation conditions. It was shown 
that prolonged incubation on low-nutrient media is more suitable cultivation 
method for determining the bacterial count in aquatic environments as compared 
to high-nutrient media and shorter incubation period (Ć i r i ć , 2003; Ć i r i ć , 
2009; Ć i r i ć  and P e t r o v i ć , 2009). However, all cultivation methods have 
the same basic shortcomings: (a) only cultivable bacteria are detected; (b) re-
sults mainly depend on cultivation conditions (temperature, medium, duration 
of incubation); (c) results are obtained after 24 hours to over a week.

These deficiencies are overcome by direct methods of quantification of 
bacteria. The methods are based on the staining of water samples, their filtra-
tion through black polycarbonate filters with pore diameter of 0.2 μm, and 
enumeration of bacteria on filters using epifluorescence microscope. For the 
staining of water samples, two dyes are commonly used: acridine orange and 
DAPI. The main objection to application of these dyes concerning the inabil-
ity to distinguish live from dead cells on filters, so the total number including 
dead and inactive cells is obtained. However, it is believed that the dead cells 
rapidly degrade, so their presence on the filters is irrelevant (M a i e r  et al., 
2002). Newer dyes, designed to distinguish live from dead cells (such as 
LIVE/DEAD® Bac LightTM), show no difference in the total number of bac-
teria compared to acridine orange, but compared to DAPI they show a greater 
number of bacteria (B o u l o s  et al., 1999).

The direct bacterial count can be determined using a scanning electron 
microscope after the filtration of water samples. It is a very powerful technique 
but quite expensive and long lasting (C a r o n , 1983); what is more important, 
the results obtained are not significantly different compared to epifluorescence 
microscopy (B o w d e n , 1977).

The aim of this study was to examine the bacteriological status of water 
in the reservoir of Ćelije, near the town of Kruševac, Serbia, and its tributar-
ies, using cultivation methods and, for the first time, a direct method, and to 
analyze statistically the differences between these methods. In addition, the 
goal was to categorize the tested waters, and thus determine any differences 
between the applied methods.

MATERIALS AND METHODS

During one-year study, the sampling of water in the reservoir of Ćelije 
and its major tributaries, the river of Blatašnica and the river of Rasina was 
carried out. The total of 283 samples from the reservoir and 60 samples from 
the rivers were taken. Samples were taken at different seasons, and from the 
reservoir at different depths. Sampling points are shown in Figure 1. The river 
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Blatašnica was sampled at one point before inflowing into the river Rasina (S1). 
The river Rasina was sampled before (S2) and after (S3) of the river Blatašnica 
inflow, just before the entrance into the reservoir Ćelije. The water of reservoir 
Ćelije was sampled in all three basins. Basin Zlatari was sampled at two points 
(S4 and S5); the basin Vasići was sampled at one representative point (S6), and 
the basin Vodozahvat (Catchment) was sampled at two points (S7 and S8). 

In each water sample, the bacterial count was determined using cultiva-
tion and direct methods.

Cultivation method

The samples were inoculated by pour plate technique on high-nutrient 
Plate Count Agar (PCA) and on low-nutrient Reasoner’s 2 Agar (R2A). Each 
sample was inoculated in three dilutions: 10-1, 10-2 and 10-3, and each dilution 
was inoculated in triplicates for both media. The amount of inoculum was 1 ml. 
Inoculated plates were incubated at room temperature (20оC to 22оC). Bacteria 
were counted after 7 days, using the colony counter BZG-30 (Windaus), through 
the magnifying glass with a magnification of 2 times the actual size. Counting 
of bacteria was performed on plates inoculated with the lowest dilution that 
could be read, and the obtained number was computed to 1 ml of a sample.

Direct method

Direct bacterial count was determined by means of epifluorescence mi-
croscope after staining of samples with acridine orange. After sampling, the 
samples were diluted by adding of 1 ml of sample into a test tube containing 
9 ml of solution for dilution. Solution for dilution was made as a mixture of 
500 ml of distilled water and 25 ml of 50% glutaraldehyde, sterilized by mem-
brane filtration and stored at 4оC (K e p n e r and P r a t t, 1994). Diluted samples 
were fixed with buffered glutaraldehyde of final concentration of 1% by add-
ing 9 ml of diluted sample into a test tube containing 1 ml of cold fixative.

Staining of samples was performed with buffered solution of acridine 
orange, final concentration of 100 μm/ml. Two milliliters of diluted and fixed 
sample was mixed with equal volume of dye. After three minutes of dying 
two milliliters of stained sample was filtered through the membrane filter 
ISOPORETM (Millipore Corp.), black, with diameter of 13 mm and pore diam-
eter of 0.2 μm. As a support, the nitrocellulose filter Sartorius, white, with 
diameter of 13 mm and pore diameter of 0.45 μm, was used. For the filtration, 
Millipore steel device, with a filtration sieve 13 mm in diameter, and sterile 
plastic syringes, disposable, 5 ml of volume were used.

After the filtration of samples, filters were rinsed with a small amount of 
distilled water, previously sterilized by membrane filtration.

Counting of bacteria was performed under the epifluorescence micro-
scope Olympus BX51, with the total magnification of 1,000x. Immersion oil 
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with low fluorescence, produced by ROTH (Germany), was used. Bacteria 
were counted from ten fields of each filter, and the average number was taken 
as the average number of bacteria per field. The total number of bacteria in 1 
ml of water sample was calculated by the formula:

N .A/aT = –––––– ,V

where: T = total bacterial count per milliliter; N = average number of bacteria 
per field; A = area of filtering field (78.54 mm2); a = area of the vision field 
(0.031416 mm2); V = volume of filtered sample (0.09 ml).

Based on the results the percentage of number of bacteria obtained by 
cultivation method in the total bacterial count obtained by direct method was 
calculated. The TBC/AMB index was also determined. This index is the ratio 
of the total bacterial count (TBC) obtained by direct method, and the number 
of aerobic mesophilic bacteria (AMB) obtained by cultivation method 
(P e t r o v i ć  et al., 1998). Based on this index, the categorization of tested 
waters was performed according to the Table 1. The investigated waters were 
also classified based on the direct bacterial count according to A m b r a z e n e 
(1976) and based on the count of aerobic mesophilic bacteria according to 
K o h l  (1975).

Tab. 1 – Classification of waters according to the TBC/AMB index

TBC/AMB index Class of water
> 1,000 Clean water
1,000–100 Moderately polluted water
100–10 Polluted water
10–1 Very polluted water

Statistical analyses

The significance of difference in the count of bacteria between differ-
ent methods of quantification was tested by the statistical method of analy-
sis of variance.

The correlation between the results obtained by the applied methods 
was determined by the correlation analysis.

Both statistical analyses were carried out using the software STATIS-
TICA v. 8.0, StatSoft, Inc.
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RESULTS AND DISCUSSION

The average count of bacteria obtained by cultivation method is repre-
sented in Graph 1. The highest number of bacteria was recorded in the river 
Blatašnica on R2A medium (56,535 CFU/ml). In all samples, more bacteria 
was recorded on R2A medium compared to the PCA medium. The lowest 
number of bacteria was noted in the basin Vodozahvat (Catchment) on PCA 
medium (1,364 CFU/ml and 1,659 CFU/ml).

CFU – colony forming units

Graph 1. – Average number of aerobic mesophilic bacteria obtained using cultivation methods

The average count of bacteria obtained by direct method in investigated 
waters is represented in Graph 2. The highest number of bacteria was re-
corded in the river Blatašnica (20,694,445 bacteria/ml). The bacterial count 
was gradually reduced over the river Rasina and the reservoir Ćelije going 
downstream to the basin Vodozahvat, which had the lowest value (2,340,909 
bacteria/ml and 1,492,424 bacteria/ml).

Analysis of variance showed that the significantly highest number of 
bacteria at all sampling points was recorded using the direct method (Table 2). 
In the cultivation method, the significantly highest number of bacteria in all 
samples was noted on R2A medium compared to the PCA medium (Table 2).

The results of direct quantification of bacteria were positively correlated 
with those obtained by cultivation methods, with the higher coefficient of cor-
relation recorded with R2A (Graphs 3 and 4).
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Graph 2. – Average values of total bacterial count obtained using direct method

Tab. 2 – Results of analysis of variance of bacterial count obtained by different methods of 
quantification

Water 
source

Compared 
methods of 
quantification

Sources 
of 
variation

Degrees 
of 
freedom

Sum of 
squares

Mean 
square

Calculated 
F-value

Tabulated 
F-value for 
α=0.05

Tabulated 
F-value for 
α=0.01

Statistical 
conclusion

The river 
Blata-
šnica

PCA vs. R2A
BM 1 1.13x1010 1.13x1010

12.43 4.01 7.09 GSWM 58 7.83x109 1.35x108

Total 59 1.92x1010

PCA vs. DC
BM 1 3.38x1014 3.38x1014

126.35 4.01 7.09 GSWM 58 2.24x1015 3.87x1013

Total 59 2.58x1015

R2A vs. DC
BM 1 3.38x1014 3.38x1014

125.87 4.01 7.09 GSWM 58 2.24x1015 3.86x1013

Total 59 2.57x1015

The river 
Rasina

PCA vs. R2A
BM 1 1.41x1010 1.41x1010

11.81 4.01 7.09 GSWM 58 4.38x109 7.55x107

Total 59 1.85x1010

PCA vs. DC
BM 1 5.37x1014 5.37x1014

169.93 4.01 7.09 GSWM 58 2.23x1015 3.84x1013

Total 59 2.76x1015

R2A vs. DC
BM 1 5.37x1014 5.37x1014

169.43 4.01 7.09 GSWM 58 2.22x1015 3.83x1013

Total 59 2.76x1015

The 
reservoir 
Ćelije

PCA vs. R2A
BM 1 8.62x1010 8.62x1010

34.27 3.84 6.64 GSWM 564 5.24x109 9.29x106

Total 565 9.15x1010

PCA vs. DC
BM 1 3.71x1016 3.71x1016

58.76 3.84 6.64 GSWM 564 3.86x1015 6.84x1012

Total 565 4.09x1016

R2A vs. DC
BM 1 3.71x1016 3.71x1016

58.62 3.84 6.64 GSWM 564 3.85x1015 6.83x1012

Total 565 4.09x1016

DC – direct count; BM – between methods; WM – within methods; GS – greatly significant (p<0.01)
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Graph 3. – Results of correlation analysis between CFU on PCA and direct bacterial count

Graph 4. – Results of correlation analysis between CFU on R2A and direct bacterial count
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Tab. 3 – Categorization of investigated waters based on the results obtained using direct and 
cultivation methods

Sampling 
sites

Class of water 
according to Kohl Class of water 

according to 
Ambrazene

Class of water according to TBC/AMB index

PCA R2A TBC/AMB
(PCA)

TBC/AMB 
(R2A)

S1 II-III III dirty clean moderately polluted
S2 II II-III very polluted clean moderately polluted
S3 II II-III very polluted clean moderately polluted
S4 II II-III very polluted clean moderately polluted
S5 II II very polluted clean clean
S6 II II clean clean moderately polluted
S7 II II clean clean moderately polluted 
S8 II II clean moderately polluted moderately polluted

Ćelije II II-III moderately 
polluted clean moderately polluted

The results from two media gave the different categorization of waters 
according to Kohl (Table 3). Based on the results from R2A, waters belong to 
the class of waters of poorer quality compared to the results from the PCA, 
especially in the more polluted waters (rivers and the basin Zlatari).

Based on the categorization of waters according to Ambrazene, the water 
of the reservoir Ćelije belonged to moderately polluted waters (Table 3). Sim-
ilar results were obtained by M i l o š e v i ć  (1999) (cited by Ć u r č i ć , 2003), 
when based on the total bacterial count the water of Reservoir Grošnica (Serbia) 
was classified into the category of slightly to moderately polluted waters.

Percentage of aerobic mesophilic bacteria in the total bacterial count in 
the investigated waters is shown in Graph 5. The highest percentage of aero-
bic mesophiles in the total count was recorded applying the aerobic mesophile 
counts obtained on R2A agar (0.32%) in Vodozahvat basin. The lowest per-
centage of aerobic mesophile was noted applying the results obtained on PCA 
agar, in the basin Zlatari (0.03%). These results are in accordance with already 
published for different reservoirs. Thus, Ć u r č i ć  (2003) found that the per-
centage of heterotrophs in the total count ranged from 0.02 to 1.99% in the 
reservoir of Gruža, Serbia. Č o m i ć  (1989) found that the percentage of het-
erotrophs ranged from 0.02 to 2.23% for the same reservoir. G a j i n  et al. 
(1991) (cited by Ć u r č i ć , 2003) noted that the percentage of heterotrophs 
in the total bacterioplankton was below 1% for the Reservoir of Borkovac, 
Serbia.

Graph 6 presents the TBC/AMB index value for the tested waters. The 
highest value of this index was determined in Zlatari basin when the result 
obtained on PCA (3,795) was taken as AMB. The lowest index value was 
noted in Vodozahvat basin when the result obtained on R2A (316) was taken 
as AMB.
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Graph 5. – Percentage of aerobic mesophilic bacteria (AMB) in total bacterial count (TBC)

Graph 6. – Index TBC/AMB

It can be seen that TBC/AMB index classified the same water in differ-
ent categories depending on which the cultivation method was used. Thus, the 
ratio of total bacterial count and the count of aerobic mesophilic bacteria ob-
tained on PCA placed most of the tested waters into the category of pure wa-
ters, while the application of the count of aerobic mesophiles obtained on R2A 
categorized waters as moderately polluted (Table 3).

CONCLUSION

The highest number of bacteria in all samples of tested waters was found 
using the direct quantification and the lowest by inoculation of samples on 
high-nutrient PCA medium.
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When PCA medium was used, the categorization of waters showed un-
real results with the majority of waters categorized as pure waters. The use of 
R2A medium produced more probable results that were more similar to the 
categorization obtained by direct bacterial count.

Based on the results it can be concluded that in order to determine the 
bacteriological state of surface waters the most appropriate method is a direct 
method if conditions permit. Otherwise, as in the routine monitoring, real 
results can be obtained using cultivation method that include inoculation of 
water samples on some low-nutrient medium, such as R2A.
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ИСПИТИВАЊЕ БАКТЕРИОЛОШКОГ СТАТУСА ПОВРШИНСКИХ 
ВОДА ПРИМЕНОМ ДИРЕКТНЕ И КУЛТИВАЦИОНИХ МЕТОДА

Славица С. Ћирић1, Олга В. Петровић2, Зоран Ж. Илић1,
Божидар Н. Милошевић1, Звонко Љ. Спасић1

1 Универзитет у Приштини, Пољопривредни факултет, Koпаоничка бб, 
38219 Лешак, Србија

2 Универзитет у Новом Саду, Природно-математички факултет, 
Трг Доситеја Обрадовића 3, 21000 Нови Сад, Србија

Резиме

Број бактерија у површинским водама одражава тренутно стање вода и њи-
хову трофичност, а такође је и први параметар који реагује на антропогену конта-
минацију. Традиционално, квантификација бактерија у водама се врши приме ном 
култивационих метода. Међутим, све ове методе детектују само култивабилне 
бактерије; резултати зависе од услова инкубације и добијају се након неколико 
дана. Ови недостаци се превазилазе применом директних метода.

У овом раду је први пут бактериолошко испитивање воде акумулације Ће-
лије и њених притока вршено применом неке од директних метода квантифика-
ције. Укупно 343 узорка воде из акумулације и њених притока је процесуирано.

У сваком узорку одређиван је број аеробних мезофилних бактерија применом 
одгајивачке методе која је обухватала засејавање узорака на високохранљиви PCA 
медијум и на нискохранљиви R2A медијум, и њихова инкубација 7 дана на собној 
температури. Укупан број бактерија одређиван је техником епифлуоресцентне ми-
кроскопије након филтрације узорака претходно обојених акридин оранжом.

Применом култивационе методе, највећа бројност бактерија се бележи у реци 
Блаташници на R2A медијуму (56.535 колонија/ml), а најмања у басену Водозахват 
на PCA медијуму (1.364 колонија/ml). На основу резултата са R2A подлоге вода при-
пада класи вода лошијег квалитета него на основу резултата са PCA подлоге.

Резултати добијени применом директне методе корелирају са резултатима 
добијеним одгајивачким методама.

Значајно највећа бројност бактерија добија се епифлуоресцентном микро-
скопијом, а најмања на PCA медијуму. Уколико примена микроскопије није мо-
гућа из неких разлога, реални резултати бактериолошког статуса површинских 
вода могу се добити засејавањем узорака на R2A медијум уз адекватне услове 
инкубације.
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SUSCEPTIBILITY TO ANTIFUNGAL AGENTS OF CANDIDA 
SPP. FROM BLOOD AND FECES COLLECTED IN NOVI SAD 

IN 3-YEAR PERIOD (2008-2010)

ABSTRACT: Candidemia is an important emerging nosocomial infection in patients 
with risk factors. Candida species from nonsterile sites can give insight into the character-
istics of strains that may cause invasive disease.

The aim of this study was to evaluate antifungal susceptibility of Candida blood and 
fecal isolates in Novi Sad, Vojvodina.

During a 3-year period (2008 to 2010), 424 isolates of Candida spp. were collected, 
30 bloodstream isolates and 394 strains from fecal samples. In vitro susceptibility of these 
isolates to five antifungal agents was established using commercial ATB FUNGUS 3 (Bio-
Mérieux).

Predominant species was Candida albicans (6 isolates from blood and 269 from feces). 
Resistance to one or more antifungal agents was less common in Candida albicans (3.63%) 
than in other species (24.83%). Resistance to itraconazole was the most commonly found in 
both groups of isolates, 9.64% strains from feces and 20% from blood samples. Twelve 
isolates were multiply resistant, usually to fluconazole, itraconazole, and voriconazole. Re-
sistance to amphotericine B was extremely rare.

Although resistance to antimycotics of Candida spp. is rare at present, continued 
surveillance of antifungal susceptibility is necessary in order to monitor trends, and to 
choose the right empiric therapy.

KEY WORDS: antifungal susceptibility, candidemia, Candida spp.

INTRODUCTION 

Candidemia is an important emerging nosocomial infection in patients 
with risk factors. In the last two decades an increase of bloodstream infections 
caused by Candida species (Candida spp.) has been documented, with a con-
sequent rise in related mortality and prolonged hospitalizations (Tu l u m o g l u 
S. et al., 2009). Risk factors for development of candidemia are: immunocom-
promised host, immunosuppressive therapy and neutropenia, intensive care 

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 19—26, 2011
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units patients, central venous catheters, parenteral nutrition, and the long-term 
use of broad-spectrum antibacterial drugs (T a k a k u r a  S. et al., 2006).

Candida spp. at multiple nonsterile sites often suggests colonization but 
these strains also may cause invasive disease. Candida spp. from nonsterile 
sites can also give insight into the characteristics of strains that cause the dis-
ease (T a s i c  S. et al., 2008).

The variability in the susceptibility of clinical isolates to antifungal drugs 
emphasizes the importance of performing species identification and antifun-
gal susceptibility testing (M i t r o v i c  S. M. et al., 2007).

There are data which show that Candida albicans (C. albicans) main-
tains excellent susceptibility to all antifungal agents, but many non-albicans 
species have increased resistance to antifungal drugs over the past decades. 
(Tu l u m o g l u  S. et al., 2009)

There are differences in species distribution and antifungal susceptibility 
profiles and it is important to obtain such information for each geographic 
area (M u e l l e r  F. M. et al., 2000)

The aim of this study was to assess the antifungal susceptibility profiles 
in both strains of Candida spp. associated with systemic disease and fecal 
isolates.

MATERIAL AND METHODS

In the Center for Microbiology of Institute for Public Health of Vojvo-
dina during a 3-year period, from January 2008 to December 2010, a total of 
424 isolates of Candida spp. were collected, 30 bloodstream isolates and 394 
strains from fecal samples.

Blood samples were collected in sterile conditions into 30 ml culture 
medium for BacT/Alert- BioMérieux. The bottles which were positive after 
incubation at 37º C for 2-5 days were transferred to blood agar and Sabouraud 
Dextrose Agar and incubated 24 hours at 35ºC, and next 24 hours at 25ºC. 

Fecal samples were inoculated to Sabouraud Dextrose Agar and incu-
bated 24 hours at 35ºC, and next 24 hours at 25ºC.

Colonies of Candida spp. were identified by examination of their micro-
scopic and macroscopic features. Candida albicans was identified by the ap-
plication of germination tube test in human serum. Species identification was 
confirmed by API 20C (BioMérieux) or Vitek2 (BioMérieux) for resistant 
blood isolates of Candida spp.

In vitro susceptibility of all isolates to five antifungal agents was estab-
lished using commercial ATB FUNGUS 3 (BioMérieux, France) that enables 
the determination of the susceptibility to five antifungal agents under condi-
tions similar to the reference method for micro-dilution according to EUCAST 
(European Committee on Antibiotic Susceptibility Testing) and CLSI (Clini-
cal and Laboratory Standards Institute) recommendations. The results ob-
tained give a MIC (Minimal inhibitory concentration) for amphotericin B 
(AMB), fluconazole (FCA), itraconazole (ITR), voriconazole (VRC) and/or 
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classify the strain as Sensitive (S), Intermediate (I) or Resistant (R) flucyto-
sine (5FC).

The interpretative breakpoints were proposed by the manufacturer of the 
test. Fluconazole MICs ≤ 8.0 mg/L were considered susceptible and ≥ 64 
mg/L were considered resistant, with the exception of C. krusei, which is 
considered inherently resistant to fluconazole, regardless of the MIC value. 
Isolates showing itraconazole MICs ≤ 0.125 mg/L and voriconazole ≤ 1 mg/L 
were classified as susceptible and those with MICs ≥ 1 mg/L for itraconazole 
and ≥ 4 mg/L for voriconazole as resistant. Although interpretative break-
points for amphotericine B have not yet been established, isolates showing 
MIC of ≥ 2 mg/L suggest resistance.

RESULTS

From 30 blood isolates and 394 fecal isolates predominant species was 
Candida albicans, 269 from fecal samples and 6 strains from blood (in hemo-
cultures Candida spp. was more common). Resistance to one or more antifun-
gal agents was less common in Candida albicans (3.63%) than in other Can-
dida species (24.83%).

From total of 269 fecal isolates of Candida albicans 259 (96.28%) were 
susceptible to all antimicrobial drugs tested. Ten isolates (3.72%) had one or 
more resistance markers. One resistance marker had 4 strains, they were re-
sistant to itraconazole, one was resistant to fluconazole and itraconazole, and 
five isolates had 3 markers and were resistant to fluconazole, itraconazole, 
and voriconazole. In Candida spp. (non-albicans) 24.80% had resistance mark-
ers, 24 (19.20%) strains with one marker, 1 (0.80%) with 2 markers, 5 (4.00%) 
with 3 markers and 1 (0.80%) strain with 4 resistance markers (Table 1).

Resistance to itraconazole was the most commonly found in both groups of 
fecal isolates, 3.72% of Candida albicans strains and 22.40% of Candida spp.

Tab. 1 – Resistance types of Candida isolates from feces (comparative data for Candida albicans 
and Candida spp.) 

Number of 
resistance 
markers

Resistance types 
of Candida 
albicans

Number (%) 
of isolates

Number of 
resistance 
markers

Resistance types 
of Candida spp.

Number (%) 
of isolates

0 259 (96.28%) 0 94 (75.20%)

1 ITR  4 (1.48%) 1
FCA
ITR
VRC

 2 (1.6%) 
 21 (16.8%)
 1 (0.80%)

2 FCA, ITR  1 (0.37%) 2 FCA, ITR  1 (0.80%)

3 FCA, ITR, VRC  5(1.85%) 3 FCA, ITR, VRC
AMB, FCA, ITR

 4 (3.20%)
 1 (0.80%)

4 AMB, FCA, 
ITR, VRC  1 (0.80%)

Total number 269 (100%) Total number 125 (100%)
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Resistance to fluconazole in Candida albicans was established in 2.23 % 
and 7.20% of Candida spp. Resistance to voriconazole was found in 1.85% C. 
albicans and 4.80% Candida spp. No resistance to amphotericin B was found 
in Candida albicans and in Candida spp., it was rare (1.60%).

From the blood isolates 24 (80%) were sensitive to all drugs tested (all 
strains of Candida albicans were completely sensitive) and from 20% resist-
ant isolates of Candida spp., 3 were identified as C. parapsilosis-1 isolate and 
C. tropicalis -2 isolates (10%), had 1 resistance marker and were resistant to 
itraconazole; 2 isolates of C. kruzei (6.66%) had 2 markers – fluconazole and 
itraconazole; and 1 C. tropicalis (3.33%) was resistant to 3 antimycotics – flu-
conazole, itraconazole and voriconazole (Table 2).

Tab. 2 – Resistance types of Candida isolates from blood (comparative data for Candida albicans 
and Candida spp.)

Number of 
resistance 
markers

Resistance types 
of Candida 
albicans

Number 
of isolates

Number of re-
sistance markers

Resistance types 
of Candida spp.

Number of 
isolates

0  6 0  18 

1  1 ITR  
 3 
 

2 2 FCA, ITR  2 

3 3 FCA, ITR, VRC  1 

Total number  6 Total number  24 

Candida albicans remains the most susceptible. All the isolates were 
susceptible to flucytosine and in isolates from blood no resistance to ampho-
tericine B was found, and in fecal isolates it was rare. Cross-resistance to 
azoles was found in the total of 16 isolates (3.77%), and it was more common 
in Candida spp. (6.71%) than in C. albicans (1.81%).

Twelve isolates were multiple resistant.
Resistance to itraconazole was dominant in both fecal and blood isolates, 

38 (9.64%) strains from fecal samples and 6 (20%) strains from blood were 
resistant to that drug (Graph 1). Isolates resistant to itraconazole were more often 
found in blood than in feces, the difference is statistically significant (p<0.01).

 Non-albicans Candida species were significantly (p<0.05) more fre-
quently resistant to itraconazole and fluconazole than Candida albicans. To 
itraconazole were resistant 10 from 275 (3.63%) C. albicans and 33 from 149 
Candida spp. (22.14%) (p<0.05). Resistance to fluconazole was less common 
in both groups of isolates, 6 from 275 C. albicans (2.18%) and 12 from 149 
Candida spp. (8.05%) (p<0.05). Overall resistance to itraconazole in 424 iso-
lates was 10.37% of isolates, to fluconazole 4.24% and to voriconazole 2.83%.
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Graph 1. Total number of resistant Candida isolates from blood and feces
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DISCUSSION

Candida spp. is a member of physiological flora of the human skin and 
mucosal membranes. The prevalence of Candida colonization of the gastroin-
testinal tract in healthy people is very high (T a s i c  S. et al. 2008). There is a 
balance between Candida spp. of normal flora and immune defense mecha-
nisms, when this balance is disturbed colonization usually results in infection 
(B a b i c  M, H u k i c  M. 2010). Rates of candidemia have increased over the 
past few decades causing the morbidity and mortality for immunocompromised 
patients, such as those with cancer or AIDS (S a f d a r  A. et al., 2002). This 
analysis included clinical isolates from bloodstream and from feces, as the most 
Candida infections arise from the hosts’ endogenous microflora.

Our susceptibility results are similar to other studies: resistance is un-
common among C. albicans, and there is higher level of reduced susceptibil-
ity among non-albicans Candida spp. 

All the isolates studied were susceptible to flucytosine, and decreased 
susceptibility to amphotericin B was found only in fecal isolates of non-albi-
cans strains (1.60%) and resistance of all isolates tested was 0.47% that is 
consistent with reports from Spain, Turkey, and Mexico (F l o r e z  C. et al., 
2008, Tu l u m o g l u  S. et al. 2009, G o n z a l e s  GM. et al. 2008).
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The occurrence of azole cross-resistance in clinical C. albicans isolates 
has been demonstrated by German authors (M u e l l e r  F, M. et al., 2000) in 
children with HIV (human immunodeficiency virus). In our study, cross-re-
sistance to azoles was found in 16 isolates (3.77%), and it was more common 
in Candida spp. (6.71%) than in C. albicans (1.81%). In a study from Glasgow, 
UK, none of the blood culture isolates was resistant to either fluconazole or 
itraconazole (K e n n e d y  H. F. et al., 2006).

Resistance to fluconazole in this study was found in 4.24% of all isolates 
tested, very similar to 4.1% found in Spain (F l o r e z  C. et al., 2009) and less 
common than 15% seen in Portugal (C o s t a - d e - O l i v i e r a  S. et al., 
2008). 

Overall resistance to itraconazole in 424 isolates was 10.37% of isolates; 
it was more common in Candida spp. (22.14%) than in C. albicans (3.63%). 
These results are higher than in Spain and Turkey (F l o r e z  C. et al., 2009, 
Tu l u m o g l u  S.) but lower than 24.7% in Lithuania (S k r o d e n i e n e  E. et 
al., 2006), 27.6% in Venezuela (P a n i z o  M. M. et al., 2009) and 43.3% in 
Mexico (G o n z a l e s  G. M. et al., 2008).

Overall resistance to voriconazole in this investigation was low (2.83%) 
especially in C. albicans (1.81%) which is consistent to the studies in which 
this drug displayed potent antifungal activity (To r t o r a n o  A. M. et al., 
2006 and Q u i n d o s  G. et al., 2008).

In conclusion, this study shows that in Novi Sad, Vojvodina, resistant 
isolates were found both in C. albicans and in Candida spp. and reduced sus-
ceptibility was documented in blood as well as in fecal isolates.

Reduced susceptibility to azoles was relatively rare; most commonly 
found in all isolates was the resistance to itraconazole. Isolates resistant to 
itraconazole were more often found in blood than in feces, the difference is 
statistically significant. Non-albicans Candida species were significantly 
more frequently resistant to itraconazole and fluconazole than Candida albi-
cans.

Voriconazole and amphotericine B were found to be very active against 
all species of Candida. Hence, these agents should be used in empirical treat-
ment for candidemia rather than fluconazole and itraconazole. 

Although resistance to antifungal agents of Candida spp. is rare at present, 
continued surveillance of antifungal susceptibility is necessary in order to 
monitor trends, and to choose the right empiric therapy.
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ОСЕТЉИВОСТ НА АНТИМИКОТИКЕ ИЗОЛАТА CANDIDA SPP. 
ИЗ КРВИ И ФЕЦЕСА ПРИКЉУЧЕНИХ У НОВОМ САДУ У 

ТРОГОДИШЊЕМ ПЕРИОДУ (2008-2010)

Јелесић З. Зора, Медић Д. Деана, Михајловић-Укропина М. Мира, Јевтић Марија, 
Гусман П. Вера, Радосављевић Ј. Биљана, Милосављевић Т. Биљана

Институт за јавно здравље Војводине, Нови Сад

Rezime

Кандидемија је значајна и све чешћа нозокомијална инфекција код паци је-
на та са факторима ризика. Candida врста пореклом из нестерилних подручја 
може да укаже на карактеристике сојева који узрокују инвазивну болест.

Циљ овог испитивања био је да се утврди осетљивост сојева Candida из крви 
и фецеса изолованих у Новом Саду, у Војводини. 

У току трогодишњег периода, од 2008. до 2010. године, прикупљено је 424 
изолата Candida spp., 30 изолата из крви и 394 сојева пореклом из узорака фецеса. 
Осетљивост ових изолата in vitro на пет антимикотика утврђено је коришћењем 
комерцијалног теста ATB FUNGUS 3 (BioMérieux).

Најчешћа врста била је Candida albicans (6 изолата из крви и 269 из фецеса). 
Резистенција на један или више антимикотика била је ређа код Candida albicans 
(3.63%) у односу на друге non-albicans врсте (24.83%). Резистенција је најчешће 
била изражена на итраконазол код обе испитиване групе, утврђена је код 9.64% 
сојева пореклом из фецеса и 20% изолата из крви. Мултипла резистенција на три 
или више антимикотика доказана је код дванаест изолата, углавном на флуко-
на зол, итраконазол и вориконазол. Резистенција на амфотерицин Б била је врло 
ретка.

Иако је резистенција Candida spp. на антимикотике код нас засад ретка по-
јава, потребно је континуирано праћење и истраживање њихове осетљивости у 
циљу праћења трендова у појави резистентних изолата, али и због избора праве 
емпиријске терапије.
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THE INFLUENCE OF EXTREMELY LOW-FREQUENCY 
ELECTROMAGNETIC FIELD ON THE BASAL GANGLIA 

STRUCTURES OF THE RAT BRAIN

ABSTRACT: We studied the influence of extremely low-frequency electromagnetic 
field (ELF EMF) to subcortical structures of a brain, i.e. basal ganglia, of sexually mature 
rats of Wistar strain. The animals were exposed to nonhomogenous ELF EMF, intensity of 
50-500 μT, 50 Hz frequency, 7 hours a day, and 5 days a week during three months. Histo-
logical and stereological analysis established a reduction in volume density of ganglia cells 
in the area of basal ganglia, an increase of their nucleo-cytoplasmatic volume ratio, and 
presence of an intensive edema of pericellular (perineural) type.

KEY WORDS: extremely low-frequency electromagnetic field (ELF EMF), basal 
ganglia, pericellular edema

INTRODUCTION

Basal ganglia, located in subcortex, are consisted of three large masses of 
nucleuses: nucleus caudatus, putamen, and globus palidus, as well as of their 
functionally connected structures such as nucleus subthalamicus, substantia 
nigra, and nucleus ruber that are also located immediately below cortex. There 
are numerous projections of motoric, premotoric cortex, and thalamus to stria-
tum. The striatum projects to the substantia nigra and globus pallidus both 
directly and indirectly via the subthalamic nucleus, which also receives corti-
cal input. The globus pallidus, from its own side through ansa lenticularis (the 
main efferent route from basal ganglia) projects itself to ventrolateral, to the 
front of the ventral nucleus of thalamus, as well as to subthalamic nucleus, 
nucleus ruber, and brain stem. Since the thalamus is projected to the cortex, 
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the functional reverberation circle with the elements of back circuit is closed 
in this way. 

Basal ganglia are also distinctive by presence of nigrostrial dopaminer-
gic system (the bodies of the neurons of this system are located in a dark 
substance while their axons are located in caudate nucleus), by high consump-
tion of oxygen and by significant concentration of copper in their cytoplasm.

In spite of many earlier discoveries precise function of basal ganglia are 
still insufficient (K o r n h u b e r , 1971). It is believed that they are involved in 
planning and programming of movements i.e., in the processes that abstract 
thought, the plan of action, convert into an actual movement. 

In the process of studying neurological effects of electromagnetic field 
(EMF) exposure different parameters of these fields as intensity, frequency, 
duration of EMF exposure, the co-incidence of the static magnetic field (both 
the natural earth’s magnetic field and anthropogenic fields), the presence of 
the electrical field, the magnetic field, or their combination have been taken 
into account and, also, whether electromagnetic field is sinusoidal, pulsed or 
in more complex wave forms. In our daily lives we are all exposed to different 
sources of EMFs of extremely low frequency (ELF) (below 300 Hz) and low 
intensity (below 2 mT), such as residential power installations, domestic electri-
cal appliances, etc. (G a n d h i  et al., 2001, G a u g e r , 1985). Question of in-
fluence of such ELF-MEMFs on the central and peripheral nervous system 
remains open and there are many controversial data about this issue (C a r -
r u b b a  e t  M a r i n o , 2008). The main reason for this is the obvious problem 
of detecting ELF-EMF effects in classical neurophysiological signals such as 
electroencephalograms (EEG) or evoked potentials (C o o k  et al., 2004). 
There is evidence that neurological response to ELF EMFs influence include 
changes of human and monkey response time (H o m e r , 1968, G a v a l a s  et 
al., 1970, G a v a l a s - M e d i c i  et D a y - M a g d a l e n o , 1976), changes of 
EEG, GABA level and changes in calcium ion binding in cerebral tissue of cat 
and chick (B a w i n  and A d e y , 1976, B a w i n  et al., 1978, B a w i n  et al., 
1975) and also changes in expression of brain protein c-Jun in mice (S t r a š á k 
et al., 2009).

However, until now there are only few data on morphological changes of 
subcortical basal ganglia influenced by ELF EMF. In this study, we examined 
the effect of ELF EMF for the characteristics that are the most commonly 
occurring in human living and working environment, and regarding the struc-
tural characteristics of rat’s basal ganglia, having in mind that many neurode-
generative diseases, primarily Parkinson disease, are related to the changes of 
these ganglions. 

MATERIALS AND METHODS

The experiment was performed on 26 male Wistar rats. Animals were 
housed in laboratory conditions with 22±2оC temperature and subjected to a 
natural photoperiod. Access to tap water and palate food was unlimited. A 
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total of 13 animals were exposed to EMF from 24 h after birth, 7 hours a day 
(from 07:00 A.M. to 14:00 P.M.), 5 days a week for a period of three months. 
Thirteen animals served as controls and they were maintained in a separate 
room free of any appliances involved in generation of EMFs. The investigation 
was made with permission of the Ethical Committee on Animal Experiments 
of the University of Novi Sad.

The exposure system was made of a single coil of 2.5 mm thick copper 
wire placed on a wooden frame in 1320 turns. The coil was energized from a 
standard power supply of 220 V, 50 Hz, and 16 A via an autotransformer. The 
autotransformer provided a 60 V output and was used in order to reduce the 
electric field. The value of the electric field at any point in the room was less 
than 10 V/m. Cages with animals were placed symmetrically on both sides of 
the coil. The ELF EMF produced by the coil was inhomogeneous and of de-
caying intensity along the animal cages with a 500 µT value on the side of the 
cage near the coil to 50 µT on the opposite side.

After the decapitation, removed brain tissue was fixed in Bouin’s solu-
tion and processed using a standard procedure for paraffin embedding. Sam-
ples were cut in a frontal plane on a rotary microtome (LEICA RM 2125, Leica 
Microsystems, Wetzlar, Germany) in 4-6 µm thick serial sections. For the his-
tological analysis, paraffin slices were stained with hematoxylin-eosin (HE) 
(both stains by Merck, Darmstadt, Germany). Histological and stereological 
analysis was performed on every 5th, 10th, 15th, 20th, 25th and 30th HE stained 
section per animal using a multipurpose stereological grid M42 (W e i b e l  et 
al., 1966) placed in the ocular of a light microscope under a total magnifica-
tion of x400. The volume density of nucleus and cytoplasm of ganglion cells in 
subcortical nuclei was determined. The obtained numerical values were used to 
further calculate the total volume density of ganglion cells as well as the nu-
cleocytoplasmic ratio. The estimations were made by the same observer. The 
data were statistically analyzed by Student's t-test. p values less than 0.05 
were considered significant.

RESULTS

Our histological studies indicated that after three months of exposure to 
ELF EMFs altered the structure of the rat basal ganglia cells. Damaged neu-
rons were seen as condensed dark neurons, intermingled with normal neurons 
in basal ganglia (Fig. 1a-b). These dark neurons, as have been proposed by 
S u g i m o t o  et al. (1990), have three main characteristics: (1) irregular cel-
lular outlines, (2) increased density of chromatin and cytoplasm, and (3) in-
tensely and homogenously stained nucleus. All these properties regarding 
dark neuron were recorded in basal ganglia in our EMF exposed animals (Fig. 
1b and 2b).
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Fig. 1 – Basal ganglia cells; (a) control animal; (b) animal exposed to EMF. Among the 
normal big and pale blue nerve cells, there are interspersed black and shrunken 

nerve cells (arrow). Hematoxylin and eosin stain, x400.

Apart from the occurrence of dark neurons, in basal ganglia of the ani-
mals exposed to EMF, a great variability was also observed in the size of the 
cells, as well as in their shape and size of their nuclei (Fig. 2a, b).

Fig. 2 – Basal ganglia cells; (a) control animal; (b) animal exposed to EMF.  Note the 
shrunken dark blue stained (basophilic) cell bodies (arrow). Adjacent histologically 

intact neurons are present. Hematoxylin and eosin stain, x400.

Stereological analysis indicated statistically significant decrease of vol-
ume density of cytoplasm of EMF exposed animal basal ganglia cells com-
pared to the control animals (Fig. 3).

However, this treatment caused statistically significant increase of vol-
ume density of basal cells nuclei compared to control animals (Fig. 4) and 
significant decrease of the entire volume density of these cells (Fig. 5). 

The data from Fig. 3 and Fig. 4 were also used to calculate the changing 
mean nucleo-cytoplasmic ratio, which was found to significantly increase in 
animals exposed to ELF EMF (Tab. 1), due mainly to decrease in the volume 
density of basal cells cytoplasm in this treatment.

a

a

b

b
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Fig. 3 – Volume density of the basal ganglia cell cytoplasm in control animals 
and animals exposed to EMF.

Fig. 4 – Volume density of the basal ganglia cell nuclei of control animals 
and animals exposed to EMF.
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Fig. 5 – Volume density of the basal ganglia cells of control animals 
and animals exposed to EMF.

Tab. 1 – Mean values with the standard error of the mean (SE) of nucleo-cytoplasmic volume 
ratio of basal ganglion cells of control and EMF exposed animals are given. 

Control EMF p-level

Nucleocytoplasmic 
ratio

0.0248
±

0.0007

0.0341
±

0.0006
0.000000

Besides the change in the shape and volume of basal ganglia neurons of 
animals exposed to EMF, numerous small vacuole are observed in cytoplasm 
and, also, bubbly appearance of chromatin in their nuclei (Fig. 6).

Fig. 6 – Basal ganglia cells. Animal exposed to 
EMF. The prominent cytoplasmic vacuolization. 
Hematoxylin and eosin stain, x400.
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Well distinguished change in basal ganglia of the animals treated with 
EMF is an incidence of intensive edema of pericellular (perineural) type with 
clearly distinguished, blank, white, round or improperly shaped haloes, resist-
ant to color and filled with water (Fig. 7 and 8a, b).

Fig. 7 – Basal ganglia cells. Animal exposed to 
EMF. Perineural edema (arrow) is observed. He-
matoxylin and eosin stain, x400.

Fig. 8 – Basal ganglia cells; (a) control animal; (b) animal exposed to EMF, area with 
very prominent perineural edema. Hematoxylin and eosin stain, x400.

DISCUSSION

In our study, we found evidence for neuronal damage caused by ELF 
EMFs. Damaged neurons and very prominent perineural edema were record-
ed in the basal ganglia in the brains of EMF exposed rats. Changes described 
here would seem to indicate a serious neuronal damage, which may be medi-
ated through some organelle damage and blood-brain barrier (BBB) leakage.

Damaged neurons assigned as dark neurons that occurred in basal gan-
glia in our experimental condition also occurred after exposure to GSM (Glo-
bal System for Mobile Communications) (N i t t b y  et al., 2009, E b e r h a r d t 
et al., 2008), in connection to experimental ischemia (K ö v e s d i  et al., 2007), 

a b
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hypoglycemia (G a l l y a s  et al., 2005), and epilepsy (S ö d e n f e l d t  et al., 
1983). Many authors suggest that the BBB leakage is the major reason for 
nerve cells injury and appearance of dark neurons (F r e d r i k s s o n  et al., 
1988 S a l a h u d d i n  et al., 1998, S o k r a b et al., 1988, H a s s e l  et al., 
1994). Physiologically, the central nervous system (CNS) microvasculature 
differs from that of peripheral organs. It is characterized not only by its tight 
junctions, which seal cell-to-cell contacts between adjacent endothelial cells, but 
also by the low number of pinocytotic vesicles for nutrient transport through 
the endothelial cytoplasm and its lack of fenestrations; and the five-fold high-
er number of mitochondria in BBB endothelial cells compared to muscular 
endothelia in rat (O l d e n d o r f  et al., 1977). All this speaks in favor of an 
energy-dependent transcapillary transport. Electromagnetic fields increase 
permeability of BBB (N i t t b y  et al., 2008). When this barrier is damaged in 
some pathological conditions, the normally excluded molecules can pass into 
the brain tissue. EMFs have the potency to significantly open the BBB such 
that the animal’s own albumin passes out of the bloodstream into the brain 
tissue and accumulates in the neurons and in glial cells surrounding the capil-
laries (S a l f o r d  et al., 1992).

The results obtained in this study indicate that ELF EMF affects basal 
ganglia, causing reduction in their volume and increasing their mean nucleo-
cytoplasmic ratio. Observed an intensive edema, which is mainly of pericel-
lular type, can damage the cells that at the end it results in cells death. This is 
a cytotoxic edema and in CNS it is always a consequence of hypoxia (A a r t s 
and Ty m i a n s k y , 2005). As a rule, hypoxia causes cell membrane damage 
and also causes disturbance of cellular processes as production of high-energy 
phosphate and an ion balance. Hypoxia is a consequence of mitochondrion 
and oxidative phosphorylation cycle damage, resulting in reduced ATP pro-
duction. This primary influences on active transport, which mostly depends 
on ATP-dependant Na/K pump. The lack of ATP causes malfunction of elec-
trogenic pump, and that is why many Na and Cl ions enter the cell, causing an 
increase of intracellular osmolarity and as a consequence the water entrance 
to (maybe as a consequence of water APQ channels activations) cell causes its 
swelling. Swelling induces an increase of cell volume, damaging of cell mem-
branes and organelles, and also induces losing of membrane phospholipids 
and staining ability of nucleus. Reduced ATP production is, as a rule, fol-
lowed by the activation of phosphofructokinase enzyme, increased decompo-
sition of glycogen and production of milk acid, pH reduction, and the increase 
of intracellular acidosis. The acidosis caused in this way brings up the activa-
tion of non-active acid-sensitive ionic channels such as ASIC, SUR-1, NC-ca 
and TRP channels (A l l e n  and A t t w e l l , 2002). In swelling cell concentra-
tion of intracellular Ca2+ rises as a consequence of its increased entrance 
in cell and its release from depot of cell (X i o n g  et al, 2006). In addition, 
calcium enters in mitochondria and causes additional inhibition of oxidative 
phosphorylation (M a c D o n a l d  et al., 2006).

However, despite the large number of experiments conducted, there is yet 
no consistent scientific evidence in support of a plausible neurocarcinogenic 
mechanism for ELF-EMF (50- or 60-Hz) exposure. A possible hypothesis is 
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that ELF-EMF affects cell membrane structure and its permeability to small 
molecules (B a u r e u s  K o c h  et al., 2003; G r a s s i  et al., 2004; M a r i n o 
et al., 2003). Also, some data from literature have described redox-related cel-
lular changes following ELF-EMF exposure (R e g o l i  et al., 2005; W o l f  et 
al., 2005; Z w i r s k a - K o r c z a l a  et al., 2005). According to this theory, 
ELF-EMF may interfere with chemical reactions involving free radical pro-
duction (S i m k ’o  et M a t t s s o n , 2004). These effects could be even more 
pronounced in neuronal cells, partly due to relatively low levels of antioxidant 
defenses and, but mainly, because of great amounts of polyunsaturated fatty 
acids in their membranes what is potential target of oxidative attack (F a l o n e 
et al., 2007). It is generally recognized that neuronal cells are very susceptible 
to oxidative injury and, in addition, some studies have evidenced greater inci-
dence of tumors in human nervous system after exposure to ELF-EMF (re-
viewed by F e y c h t i n g  et al., 2005). Results of F a l o n e  et al., (2007) sup-
port redox-mediated ELF-EMF biological effects. They observed a positive 
modulation of antioxidant defenses as well as a shift of cellular environment 
towards a more reduced state after exposure to these fields. 

The results obtained in this study may be significant in the light of evi-
dence that Parkinson’s disease causes reduction in total number of cells in 
basal ganglia. Nowadays, Parkinson’s disease almost becomes epidemic and 
cannot be interpreted only by extended life span of human race, but also by 
drawing attention to the environmental factors, such as electromagnetic fields 
present in highly urban society.
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УТИЦАЈ  ЕКСТРЕМНО НИСКО-ФРЕКВЕНТНОГ ЕЛЕКТРОМАГНЕТНОГ 
ПОЉА НА СТРУКТУРЕ БАЗАЛНИХ ГАНГЛИЈА МОЗГА ПАЦОВА

Игор О. Гојковић¹, Смиљана Д. Параш², Радослав Б. Гајанин³, Милица Д. 
Матавуљ4, Весна К. Рајковић4, Горан Д. Спасојевић5

1 Клиника за ортопедску хирургију, Клинички центар Бања Лука, 12 беба бб, 
78000 Бања Лука, Република Српска, Босна и Херцеговина

2 Одељење за биологију факултета наука, Универзитет у Бањалуци, Младена 
Стојановића 2, 78000 Бања Лука, Република Српска, Босна и Херцеговина

3 Одељење за патологију, Клинички центар Бања Лука, 12 беба бб, 78000 Бања 
Лука, Република Српска, Босна и Херцеговина
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Резиме

У нашем раду смо проучавали утицај екстремно ниско-фреквентног елек-
тро магнетног поља (ENF EMP-а) на субкортикалне структуре мозга, односно 
базалне ганглије, полно зрелих пацова соја Вистар. Животиње су излагане деј-
ству нехомогеног ENF EMP-а јачине 50-500 μT, фреквенције 50 Hz, 7 сати днев но, 
5 дана седмично током 3 месеца. Хистолошка и стереолошка анализа је показала 
смањење волуменске густине ганглијских ћелија у подручју базалних ганглија, 
пораст њиховог нуклео-цитоплазматског односа и присуство интензивног едема 
перицелуларног (перинеуралног) типа.
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CONCENTRATIONS OF MANGANESE AND IRON 
IN SOME WOODY AND HERBS PLANTS

ABSTRACT: Heavy metals are the substances that indicate environmental pollution. 
The plants polluted with heavy metals may endanger natural environment and cause health 
problems in humans. In our multidisciplinary research of the concentrations of pollutants in 
forest ecosystems and natural environment in Belgrade, we examined the contents of heavy 
metals essential for plants but harmful in greater concentrations on a long-term basis. The 
fact that heavy metals manganese and iron are accumulated in plants to the greatest extent 
focused our work on determination of the level of concentrations of Mn and Fe in the veg-
etative parts of 8 plant types on three locations on the Avala Mountain and one location in 
the centre of the city of Belgrade. The analyses of heavy metals contents in plants were 
performed by the method of flame atomic absorption spectrophotometry. The examination 
of the existence of important differences between the average values was performed by 
implementation of Duncan’s test for the level of significance of 95%. The current contents 
of heavy metals in plants in the area of the protected natural resource Avala do not represent 
danger that would presently cause notable damage to forests but show the tendency of the 
increase of concentrations. Therefore, this issue should be constantly monitored. 

KEY WORDS: Avala mountain, protected natural resource, concentrations Fe, Mn, 
woody, herbs plants 

INTRODUCTION

As a two-million city, administrative, and tourist centre, Belgrade on one 
hand has a constant need for new areas for relaxation and recreation providing 
natural environment and esthetic framework. On the other hand, there is a per-
manent need for preservation of healthy environment in the manner of cher-
ishing, preservation, and protection of already existent high-grade complexes.

One of such high-grade forest complexes and the only mountain near 
Belgrade, the favorite resort of inhabitants of Belgrade, is located as 16.5 km 
away from Belgrade, on the way to Kragujevac and overlooking the city and 
its surroundings as a guardian. Although only 511 m high (in the shape of an 
irregular cone), this mountain reigns the surrounding rolling terrain.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 39—49, 2011
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As a natural resource of common interest, it enjoys special protection. As 
a preserved part of nature park and landscape of outstanding features this area 
has permanent ecological, scientific, cultural, educational, health and recrea-
tional, as well as tourist significance.

Considering the current status of Belgrade’s natural environment, the 
forests in the narrow as well the wider city zone must be given much greater 
importance.

As the causes and effects that endanger natural ecosystems of this area 
and their further development and natural environment are obvious to a cer-
tain extent, it was logical that our aim was to determine the pollution level of 
the protected area of Avala. 

The protected natural resource Avala in accordance with the suggestion 
of the Institute for Nature Conservation of Serbia is declared the landscape of 
outstanding features.

According to the Special basis for management of forests (2008-2017) in 
the protected natural resource Avala, i.e., its part that is declared the landscape 
of outstanding features, is located on the territory Belgrade, municipality of 
Voždovac, and comprises certain parts of the cadastral municipalities of Beli 
Potok, Ripanj, Zuce, and Pinosava.

The total area of the protected natural resource is 489.13 ha; 74.35 ha (15.2%) 
is privately owned and 414.78 ha (84.8%) belongs to other forms of ownership.

MATERIALS AND METHODS

Bearing in mind the importance of the quality of natural environment in 
the areas intended for recreation, we studied the content of heavy metals (Fe 
and Mn) in plant leaves on the Avala Mountain. The samples for the analysis 
were collected from three locations with outstanding landscape features in the 
area of Avala.

The selected locations, according to the Special basis for management of 
forests (2008-2017) in the protected natural resource Avala, belong to man-
agement unit Avala: location 1 – at the road entering the area of the landscape 
of outstanding features Avala; location 2 – on the top of the Avala mountain 
(nearby the tower); and location 3 – on the downward road from the mountain 
(Stari Majdan).

After review and consideration of several potential locations, we selected 
the location 4 as a control location in the centre of Belgrade, at the Boulevard 
Despota Stefana where there is high traffic frequency.

MATERIALS AND METHODS

In the process of selecting plant species for the analysis, we performed a 
very detailed inventory list of all plant species present in this area. We selected 
8 plant species: (1) Tilia tomentosa Mnch. – Silver Lime; (2) Pinus nigra Arn. 
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– European black pine; (3) Plantago media L. – Hoary plantain; (4) Taraxacum 
officinale Web. – common dandelion; (5) Acer campestre L. – Field Maple; (6) 
Prunus avium L. – wild cherry, sweet cherry, gean; (7) Quercus petraea 
(Matt.) Liebl. – sessile oak; and (8) Pseudotsuga menziesii; (9) (Mirb.) Franco 
– coast Douglas fir, common Douglas-fir, or Oregon Douglas fir.

For the purpose of control, we selected 4 plant species in the location 4 
in the centre of the city as the representative sample. 

 Assuming again the fact that content of heavy metals in plants is di-
rectly dependant on distance from the road the plants were sampled in each 
location in the length of 200-300 m along the road and the depth of 15 m from 
the road. The samples of plant materials were collected on each location in the 
middle of vegetation period, at the beginning of July 2009.

For each species, only leaves were sampled and for that purpose 1-2 kg 
of material were collected from all locations. The samples were dried without 
previous washing until they became air-dry mass. The air-dry leaves were 
then dried further in dry kiln at 105oC, ground, and used for laboratory analy-
ses. Mn and Fe concentrations were determined by AAS method and ex-
pressed in μg/g of dry matter.

The analyses were performed in the laboratories of the Department for 
Biology and Ecology, Faculty of Natural Sciences in Novi Sad and the Insti-
tute for Lowlands Forestry and Environmental Protection in Novi Sad.

The obtained data on accumulation of heavy metals were processed by 
implementation of the standard statistical methods, variance analysis by LSD 
test for the level of significance p=0.05 and the testing of significance of the 
average values was performed by Duncan’s test.

All tests were performed with the level of significance p ≤ 0.05. 

RESULTS AND DISCUSSION

Environmental pollution by chemical substances is one of the most im-
portant factors of degradation of certain components of ecosystem. Therefore, 
it is important to be aware of accumulation and toxic effects of heavy metals 
in plants from ecological point of view since this is the way heavy metals 
enter food chain (K a s t o r i , 1997, M e m o n  et al., 2001).

The level of heavy metals accumulation in plant tissue is determined by 
numerous biotic and abiotic factors out of which the characteristic genotype 
is one of the most dominant (P a j e v i ć  et al., 2008; N i k o l i ć  et al., 2008). 
For some heavy metals there apply the interspecies calibration (B e r l i z o v 
et al., 2007). The accumulation of heavy metals in plant tissue points to the 
very important role of certain plant species as (bio)indicators of environmen-
tal pollution (Te n - H o u t e n , 1983; P r a s a d  and F r e i t a s , 2003).

Nowadays, more attempts are made to use woody plants for monitoring 
environmental pollution. Critical values for individual heavy metal, plant re-
sistance to their presence, cumulative and perhaps synergetic activities, and 
many other aspects that are very little known still present a problem. 
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Among heavy metals that are most dangerous for human organism are 
arsenic, cadmium, lead, nickel, manganese, mercury, and molybdenum even 
when they are present in a low level. Also very toxic but with special effect on 
plant growth are the zinc, lead, aluminum, boron, chromium, and iron (K a s -
t o r i  and P e t r o v i ć , 1993). 

Heavy metals are the substances that signalize the issue of environmen-
tal pollution. There is still insufficient knowledge of their dispersion in nature 
and their role in environmental pollution.

MANGANESE CONCENTRATIONS IN PLANTS

Heavy metals contents in herbs, moss, lichen or fungi and needles and 
leaves of forest trees may be used as indicators of pollution of certain com-
ponents of ecosystems (Ty l e r , 1972). Among different plant species, there 
are differences in the uptake of heavy metals, which depends before all on 
their genetic characteristics, on the influence of the surface of root system 
and its capacity for absorption of ions, on the shape of root excretion and 
the speed of evapotranspiration (A l l o w a y , 1995).

Manganese represents an essential element for plants, which means 
that in certain concentrations it is necessary for regular functioning of 
plants since it activates a number of enzymes. It is also very important in 
the transmission of electrons during photooxidation of water in photosys-
tem II (K a s t o r i , 2006). This element influences the level of phytohor-
mone auxin and in that manner has an effect on elongation and plant 
growth. On the contrary, greater concentrations of manganese have ad-
verse effects on plants.

The symptoms of toxicity of manganese appear on older leaves in the 
form of brown necrotic spots or there appear chlorotic spots near the tops 
of leaves. In dicotyledons, this causes the phenomenon of wavy leaves. The 
first signs of toxicity of manganese on plants are chlorosis and necrosis.

The role of manganese in life processes of plants is manifold, before all 
in activation of enzyme processes, the effect on pigment platelets (B o t r i l l 
et al., 1970), nitrogen metabolism or rather metabolism of amino acids and 
proteins.

There are no national regulations that refer to pollution of environment 
by manganese or heavy metals but there are standards and regulations in 
healthcare sector like The Rulebook on the quality of food and The Rulebook 
on the quantity of pesticides, metals, and metalloids that may be present in food 
products. In accordance with the regulations of the Federal Republic of Ger-
many and the United States of America, the maximum allowed concentration 
of manganese in air amounts to 5 mg/m3 of air (UNEP-UN/ECE 1994).

Some plant species are able to accumulate very high quantities of heavy 
metals in leaves before all (B a k e r  and B r o o k s , 1989).

The results of laboratory analyses of manganese accumulation in the 
researching area (Fig 1,2,3,4) showed that concentration in the analyzed 
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plant species differed depending on the location where samples were col-
lected and depending on the plant species.

We found higher manganese concentration in plant species on the lo-
cations 1, 2, and 3 (locations on the Avala) compared to the location 4 in the 
centre of Belgrade.

The average least concentration of manganese at the control location 
in the centre of Belgrade in the Boulevard Despota Stefana amounting to 
48 μg/g clearly showed that the increase of concentrations of manganese in 
plants was not directly related to traffic as the basic source.

The manganese contents depend on plant species and have a wide 
range; in accordance with the data provided by K á r p á t i  et al. (1967) 
manganese contents in the dry matter of Lemna trisulca amounted to 
34.600 ppm and in Plantago altissima only 10 ppm.

The concentrations of manganese in leaves of plants by locations (Fig. 
1-4) clearly showed that woody plants appeared as hyperaccumulators of 
manganese; oak in the locations on the Avala Mountain and lime tree (Tilia 
tomentosa) on the location 4 appeared as hyperaccumulator of manganese 
in comparison to other analyzed species.

Fig. 1

Fig. 2
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Fig. 3

Fig. 4

The data obtained in our research on manganese concentrations by 
locations based of Duncan’s test showed that the ranges varied on all loca-
tions from A to E. 

Discussing the quantity of heavy metals in woody plants, we have to take 
into account that these data were obtained within a short time period of their 
life cycle. Manganese is transported through plants and mostly deposits in 
young plant organs (leaves), then in the bark, and the least deposits can be 
found in root or xylem juice (K a d o v i ć  et al., 2002).

IRON CONCENTRATIONS IN PLANTS

Iron is a biogenic element present in plants in low quantities. It is polyva-
lent and has an effect on numerous physiological and biochemical processes. 
It has the capacity to form chelates, which are complex compounds of metals 
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with certain organic compounds. Plants absorb iron from the soil in the form of 
ferrous ions (Fe2+), ferric ions (Fe3+), and in the form of iron chelates. Fe++ is 
physiologically active. 

The high pH value, high concentration of phosphates and calcium ions 
influence the reduced uptake of iron. Iron plays a very important role in bio-
synthesis of chlorophyll, the first phases of photosynthesis, respiration, fixation 
of elemental nitrogen, reduction of nitrates and nitrites, metabolism of carbo-
hydrates. It also affects cell division, elongation of plants, and root growth.

Iron contents in dry matter of plants have wide range from 50 to 1000 μg/g. 
Some plants are able to accumulate iron in significantly greater quantities so 
that for example leaves of spinach contains up to 3000 μg Fe g-1 of dry matter.

Distribution of iron within plants is very characteristic. In the aboveground 
plant parts, it is the most present in leaves then in stem and grain. Plants take 
out of the soil more Fe than any other microelement through their crops.

In case of surplus of Fe the growth of all vegetative organs is inhibited. 
Leaves become dark to blue-greenish, root gains umber color. The symptoms of 
surplus of Fe are usually followed by the signs of deficiency of phosphorous 
and manganese (S t a n k o v i ć, 2006). 

The analysis of results (Fig. 5 to 8) showed that concentrations of iron by 
average values per locations ranged from 324 to 1065 μg/g. 

Iron concentrations in plant leaves by locations (Fig. 5-8) clearly showed 
two herbs that appeared as hyperaccumulators of iron: hoary plantain (Plan-
tago lanceolata) and common dandelion (Taraxacum officinale) in all locations. 
It is also necessary to point out that on location 2 on the Avala (Fig. 6) these 
two species showed very high values of iron concentrations: Taraxacum of-
ficinale 2425 μg/g and Plantago lanceolata 2765 μg/g. Such results are in line 
with the results of the research of heavy metals contents on Fruška Gora Moun-
tain where comparing plant species it can easily be noted that common dande-
lion shows intensive uptake of iron with the value of 1428 ppm (S t a n  k o  v i ć , 
2008).

Fig. 5
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Fig. 6

Fig. 7

Fig. 8
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It is important also to point out to the antagonism between iron and man-
ganese i.e., the surplus of one element causes reduction of the other and vice 
versa.

In our study, this relation can be best seen on location 2 on the Avala (Fig. 2) 
where average values for manganese accumulation for all plants amounted to 
116 μg/g and the average values for Fe amounted to 1065 μg/g (Fig. 6).

The antagonism of Fe and Mn was also clearly notable on location 4 in 
Belgrade where average values of Fe for all plants amounted to 547 μg/g (Fig. 8) 
while the values for Mn amounted to 48 μg/g (Fig. 4).

Regarding plant species by locations, we observed that the least range of 
variation in accordance with Duncan’s test was present on location 4 from 
A-B, while on the locations on the Avala this range of variations was from A-F.

CONCLUSION

Based on the obtained results we conclude:
- Average manganese contents in leaves on all previously mentioned loca-

tions ranged from 48 μg/g on location 4 to 102 μg/g on location 1. The 
greatest manganese concentration was found in leaves of woody plants, 
namely (Tillia tomentosa) 780 μg/g, and then Sessile Oak (Quercus petraea) 
552 μg/g. The least concentrations of manganese from all locations, and 
especially location 1, were found in European black pine (Pinus nigra) 
16 μg/g.

- Average iron contents in leaves on all previously mentioned locations 
ranged from 324 μg/g on location 1 to 1065 μg/g on location 2;

- The greatest iron concentration was found in the leaves of herbs on loca-
tion 2 on the Avala with especially high values amounting to 2425 μg/g 
found in common dandelion (Taraxacum officinale) and 2765 μg/g in hoary 
plantain (Plantago media);

- The least quantity of average accumulated iron among all locations and 
especially on location 3 was found in sessile oak (Quercus petraea) 
amounting to 100 μg/g and on the same location in field maple (Acer 
campestre) we measured the least values of only 59 μg/g;

- On the basis of all the above mentioned and as a result of this research 
manganese and iron clearly appeared as antagonists;

- On the basis of the obtained results of the research for all analyzed spe-
cies on all locations in general it might be concluded that traffic was not 
the basic polluter but that the increased concentrations of manganese and 
iron in plants in this complex were, besides natural contents in soil, caused 
by some other sources of emission.
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КОНЦЕНТРАЦИЈА МАНГАНА И ГВОЖЂА У НЕКИМ 
ВИШЕГОДИШЊИМ ДРВЕНАСТИМ И ЗЕЉАСТИМ ВРСТАМА

Драгица М. Станковић1, Боривој Ђ. Крстић2, Мирјана Т. Шијачић Николић1, 
Милан Н. Кнежевић1

1 Шумарски факултет, Универзитета у Београду, Кнеза Вишеслава 1, 11000 Београд
2 Природно математички факултет, Универзитета у Новом Саду, 

Трг Д. Обрадовића 2, 21000 Нови Сад

Резиме

Авала као заштићено природно добро површине од 489 ha од изузетног је 
значајаса различитих аспеката за становнике Београда, стога ову планину треба 
сачувати од контаминације полутантима пре свега антропогеног утицаја као што 
је на пример интензиван саобраћај. Нарочито је интересантно пратити садржај 
тешких метала у биљкама као и неке друге полутанте (PAH-ове).

Циљ овог рада усмерен је на утврђивање степена концентрације Mn и Fe у 
листовима 8 врста биљака од тога 6 дрвенастих (Tilia tomentosa Mnch., Pinus nigra 
Arn., Prunus avium L., Quercus petraea (Matt.) Liebl, Pseudotsuga menziesii) и две 
зељасте (Plantago media L., Taraxacum officinale Web.).

Биљке су узорковане на три локалитета на Авали и једном локалитету у 
центру Београда. Садржај тешких метала одређен је методом атомске апсорб цио-
не спектрофотометрије (AAS).

Резултати истраживања за акумулацију мангана на испитиваном подручју 
указују да је већа концентрација мангана на локалитетима на Авали, него на 
ло калитету у центру Београда, а то јасно показује да повећање концентрације 
ман гана у биљкама није директно везано за  саобраћај као основни извор него 
зе мљиште. Највећа акумулација мангана нађена је код биљака храста и липе а 
гвожђе код боквице и маслачка на свим локалитетима. У овим истраживањима 
јасно је уочљив и антагонизам између гвожђа и мангана. Најјасније је то видљиво 
на локалитету 4 у центру Београда, где су просечне вредности за све биљке код 
Fe износиле 547 μg/g, док су вредности за Mn на истом локалитету 48 μg/g.

Тешки метали у биљкама на подручју заштићеног природног добра „Авала” 
за сада не представљају опасност за настанак видљивих оштећења шуме, али по-
казују тенденцију повећања концентрација, те их треба интезивно пратити.
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IN VITRO DEGRADATION OF DIACETOXYSCIRPENOL 
AND T-2 TOXIN BY USE OF MUCOR RACEMOSUS 

FRESEN. F. RACEMOSUS ISOLATE*

ABSTRACT. Under controlled in vitro conditions the capacity of the Mucor racemo-
sus f. racemosus 1215/09 isolate to degrade type A trichothecenes (diacetoxyscirpenol – 
DAS and T-2 toxin) was observed in the liquid nutritive medium. According to previously 
performed experiments it was proved that the selected isolate, originating from sunflower 
meal, had the ability to degrade these fusariotoxins when growing on the modified Vogel’s 
agar supplemented with crude extracts of DAS and T-2 toxin. 

In order to determine biodegradation of fusariotoxins, the liquid nutritive medium – 
SPY (5% sucrose + 0.1% peptone + 0.1% yeast extract, pH 6.2) was simultaneously inocu-
lated with the isolate M. racemosus f. racemosus 1215/09 and: a) Fusarium semitectum SL-B 
(DAS producer) or b) F. sporotrichioides R-2301 (T-2 toxin producer). The SPY media, inocu-
lated with single fungal isolates, were used as a control of toxin biosynthesis. The cultures 
were incubated at room temperature (21-26oC) on the rotary shaker (175 rpm). After the 
3-5-day incubation, the filtration of liquid cultures and the extraction of fusariotoxins from 
filtrates with ethyl-acetate were performed. Determinations of DAS and T-2 toxin were 
done by thin layer chromatography using silica gel G.

Depending on the incubation duration, M. racemosus f. racemosus in the mixed culture 
with F. semitectum degraded from 90.0 to 99.97% of DAS present in the medium (40,000-
120,000 µg l-1), while in the mixed culture with F. sporotrichioides it degraded from 95.0 to 
96.7% of T-2 toxin present in the medium (240,000 µg l-1).

Sterile filtrates of mixed cultures and single culture of M. racemosus f. racemosus, 
obtained by passing liquid cultures through the 0.45-µm membrane filter and added to the 
SPY medium, did not affect degradation of type A trichothecenes that had been biosynthe-
sised by isolates F. semitectum SL-B and F. sporotrichioides R-2301 in the liquid medium.

KEY WORDS: diacetoxyscirpenol (DAS), T-2 toxin, biodegradation, M. racemosus 
f. racemosus, liquid medium

* The paper was presented at the fourth international scientific meeting Mycology, myco-
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INTRODUCTION

Trichothecenes are a group of toxic secondary metabolites produced by 
several genera of Fungi imperfecti out of which the genus Fusarium is the 
most important. Some of trichothecenes are natural contaminants of cereal 
crops during their growth in fields or during grain storage under high envi-
ronmental moisture. Since these compounds are toxic to both, humans and 
animals, it is of great interest for food and feed industry to prevent the intro-
duction of fusariotoxins into the nutrition chain (S h i m a  et al., 1997).

Despite of the application of different preventive measures that avoid the 
occurrence of Fusarium spp. and their toxins (crop rotation, ploughing, weed 
and insect control, appropriate sowing and harvest time, etc.), the obtained 
results are usually limited and unsatisfactory, hence it was necessary to de-
velop procedures of detoxication. It is considered that biodegradation or bi-
otransformation is the only efficient method of detoxication of mycotoxins 
that can only be poorly bound by various adsorbents (R o d r i g e s  and 
B i n d e r , 2008). This group of mycotoxins also includes type A tri-
chothecenes (diacetoxyscirpenol – DAS and T-2 toxin) in which the 12,13-
epoxy ring is responsible for their toxicity. 

Studies carried out by U e n o  et al. (1983) and B e e t o n  and B u l l 
(1989) point out to a possible role of soil bacteria in the transformation of T-2 
toxins. Moreover, B e e t o n  and B u l l  (1989) reported that certain natural 
bacterial communities or monocultures originating from soil and freshwater 
represented agents that could detoxify T-2 toxin and related trichothecenes.

Swanson et al. (1988) determined that intestinal bacterial biota originat-
ing from rats completely biotransformed T-2 toxin to its de-epoxy products 
(de-epoxy HT-2 and de-epoxy T-2 triol). The absence of complete de-epoxidation 
was recorded in experiments with chicken intestinal bacteria that degraded 
T-2 toxin and DAS exclusively by the process of deacetylation (Yo u n g  et al., 
2007). In contrast to this, intestinal and fecal microorganisms of rats, cattle 
and pigs completely biotransformed DAS to de-epoxy monoacetoxyscirpenol. 
B i n d e r  et al. (2000) isolated a new bacterial strain of the genus Eubacterium 
(strain BBSH 797) from a bovine rumen that had a potential to biodegrade 
epoxy group of trichothecenes to diene (S c a t z m a y r  et al., 2006).

Beside bacteria there are other types of microorganisms that are capable 
of T-2 toxin biotransformation: protozoa (K i e s s l i n g  et al., 1984), yeasts 
(R o d r i g e s  and B i n d e r , 2008), and mycobiota (J e s e n s k a  and S a j b i -
d o r o v a , 1991). J e s e n s k a  and S a j b i d o r o v a  (1991) identified Alter-
naria sp., Ulocladium sp., Aspergillus candidus Link, A. flavus Link, Clado-
sporium cladosporioide (Fr.) G. A. de Vries and C. macrocarpum Preuss in the 
group of moulds that very rapidly degraded T-2 toxin (for 48 h).

Considering the natural presence of T-2 toxin worldwide in toxicologi-
cally relevant concentrations, as well as, its powerful toxicity, the aim of the 
present study was to investigate the capacity of biodegradation of T-2 toxin 
and related metabolite DAS under laboratory conditions in the liquid medium 
by use of the fungal isolate Mucor racemosus f. racemosus 1215/09.
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MATERIAL AND METHODS

Microorganisms. The fungal isolate Mucor racemosus Fresen. f. race-
mosus 1215/09 obtained during the routine analysis of sunflower meal at the 
Department of Microbiology, Centre for Bio-Ecology, Zrenjanin, in 2009 was 
selected for tests of biodegradation of type A trichothecenes (DAS and T-2 toxin) 
having in mind our previous results (B o č a r o v - S t a n č i ć  et al., 2010). The 
identification of fungal isolate was performed after D o m s h  et al. (1980).

The following two fungal isolates were selected for the production of 
type A trichothecenes in the experiments of biodegradation: a) Fusarium 
semitectum Berk. & Rev. SL-B, the Centre’s isolate from the alfalfa hay, for pre-
vious studies proved that it had capability to biosynthesise DAS (B o  č a  r o v -
- S t a n č i ć  et al., 2005) and b) F. sporotrichioides Sherb. R-2301, leg. Dr. D. 
Latus, Germany, the strain known as a good producer of T-2 toxin (B o -
č a r o v - S t a n č i ć  et al., 2007). Fungal cultures were maintained on potato 
dextrose agar (PDA) at 4-6oC. 

Inoculation of the liquid medium SPY (5% sucrose + 0.1% peptone + 
0.1% yeast extract, pH 6.2) was done with five pieces (each 5 x 5 mm) of the 
fungal material taken from investigated isolates subcultured during seven 
days on PDA Petri plates at 27±1oC. 

The first stage of the experiment encompassed studies on the ability of 
biotransformation of DAS and T-2 toxin by the fungal microorganism M. 
racemosus f. racemosus 1215/09. The variants were as follows: I – combination 
of F. semitectum SL-B and M. racemosus f. racemosus 1215/09, II – combina-
tion of F. sporotrichioides R-2301 and M. racemosus f. racemosus 1215/09. 
As a control of biosynthesis of fusariotoxins, the SPY medium was inoculated 
by single fungal cultures: III – M. racemosus f. racemosus 1215/09, IV – F. 
semitectum SL-B i V – F. sporotrichioides R-2301. 

The second stage of the experiment included studies on capacities of 
extracellular enzymes of the monoculture M. racemosus f. racemosus 1215/09 
(III), as well as mixed cultures of F. semitectum SL-B + M. racemosus f. 
racemosus 1215/09 (I) and F. sporotrichioides R-2301 + M. racemosus f. 
racemosus 1215/09 (II) to biodegrade type A trichothecenes. Sterile filtrates 
of cultures from the first stage of the experiment, obtained by passing through 
Minisart NML of 0.45 µm, in the amount of 6 ml, were added to the SPY 
medium immediately prior to inoculation with producers of DAS and T-2 
toxin. The variants were as follows: F. semitectum SL-B + I, F. semitectum 
SL-B + II, F. semitectum SL-B + III, F. sporotrichioides R-2301 + I, F. spo-
rotrichioides R-2301 + II and F. sporotrichioides R-2301 + III. As a control 
of biosynthesis of fusariotoxins, the SPY medium was inoculated by single 
fungal cultures: IV – F. semitectum SL-B and V – F. sporotrichioides R-2301.

Incubation conditions. A total of 100 ml of the semi-synthetic medium 
SPY placed in Erlenmeyer flasks (500 ml) were inoculated and incubated on 
a rotary shaker (175 rpm) at room temperature (21-26oC) during five and/or 
three days. All tests were performed in three replicates.
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Sample preparation for the analysis of fusariotoxins. Liquid fungal 
mixed cultures, as well as monocultures, were filtered after incubation on the 
rotary shaker. Crude extracts of type A trichothecenes were obtained by use 
of ethyl-acetate. Further purification of DAS and T-2 toxin was carried out 
applying the procedure of R o m e r  et al. (1978), while thin layer chromatog-
raphy was performed after P e p e l j n j a k  and B a b i ć  (1991).

RESULTS AND DISCUSSION

The isolate M. racemosus f. racemosus 1215/09 was selected for the ex-
periments of biodegradation of type A trichothecenes not only because of 
literature data showing that various species of the genus Mucor could biotrans-
form these fusriotoxins (E l - S h a r k a w y  and A b b a s , 1991) but primarily 
due to such capacity of the selected isolate was confirmed by our previous 
experiments (B o č a r o v - S t a n č i ć  et al., 2010). During the growth of M. 
racemosus f. racemosus 1215/09 on the modified Vogel’s agar (Vo g e l , 1956) 
to which crude extracts of DAS and T-2 toxins were added (300 µg/Petri dish) 
it completely biotransformed the stated fusariotoxins seven days after incuba-
tion at 27±1oC.

Tab. 1 – Biodegradation of DAS and T-2 toxin in the liquid medium by use of Mucor racemosus 
f. racemosus (SPY, 175 rpm, 25-26оC)

Fungus Isolate 
design. Days Final

pH Toxin yield (µg l-1) Yield re-
duction (%)

DAS T-2
Mucor racemosus
 f. racemosus 1215/10

3 7.90 n.d. (<21) n.d. (<21) -
5 8.20 n.d. (<21) n.d. (<21) -

Fusarium semitectum SL-B
3 4.85 120,000 n.d. (<21) -
5 5.00 40,000 n.d. (<21) -

F. semitectum +
M. racemosus f. racemosus 

SL-B +
1215/09

3 4.40 40 n.d. (<21) 99.97
5 4.80 4,000 n.d. (<21) 90.0

Fusarium sporotrichioides R2301 
3 4.10 n.d. (<21) 240,000 -
5 4.50 n.d. (<21) 240,000 -

F. sporotrichioides +
M. racemosus f. racemosus

R2301 + 
1215/09

3 3.90 n.d. (<21) 12,000 95.0
5 4.45 n.d. (<21) 8,000 96.7

Significant differences in characteristics of the growth of fungal monoc-
ultures and mixed cultures were observed during their incubation in the liquid 
medium SPY (Table 1).

pH value. In case of single culture of M. racemosus f. racemosus 1215/09, 
the increase in pH in the SPY medium ranged from the initial value of 6.20 to 
the value of 7.90 and higher, while in case of single cultures of F. semitectum 
SL-B and F. sporotrichioides R-2301, as well as, mixed cultures of M. race-
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mosus f. racemosus 1215/09 and these producers of fusariotoxins, pH values 
were reduced to 5.00 and below 5.00 during incubation in the liquid medium.

Somewhat higher pH values were observed in all combinations (mono- 
and mixed cultures) during prolonged incubation from 3 to 5 days.

Biosynthesis of type A trichothecenes. The isolate M. racemosus f. 
racemosus 1215/09 did not biosynthesised DAS and T-2 toxin under labora-
tory test conditions (Table 1).

The DAS yield in the F. semitectum SL-B monoculture was higher after 
3-day (120,000 µg l-1) than after 5-day incubation (40,000 µg l-1) in the liquid 
semi-synthetic medium SPY on the rotary shaker.

On the other hand, the incubation duration under the same laboratory 
conditions (SPY, 175 rpm, 25-26оC), did not affect the amount of the produced 
T-2 toxin by use of single F. sporotrichioides R-2301 culture. The yield of the 
T-2 toxin was equal (240,000 µg l-1) in both cases (after three and five days of 
incubation). 

Biotransformation of type A trichothecenes. Biodegradation of DAS 
and T-2 toxin in the liquid medium by M. racemosus f. racemosus 1215/09 
was tested by mixed cultures of this fungal isolate with Fusarium species that 
were producers of the same trichothecenes (Table 1).

In case of a mixed cultures of F. semitectum SL-B with M. racemosus f. 
racemosus 1215/09, the DAS yield was significantly lower after the 3-day in-
oculation (40 µg l-1) than after 5-day incubation under the same in vitro condi-
tions (Table 1). If these results are compared with the DAS yield in the single 
F. semitectum SL-B culture it is observable that M. racemosus f. racemosus 
1215/09 biotransformed 90.0% of DAS present in the liquid medium after 5 
days of incubation. The reduction of the yield of this type A trichothecenes 
was higher after 3-day incubation and amounted to 99.97%.

Similar results were also gained in case of mixed culture of F. sporotri-
chioides R-2301 with M. racemosus f. racemosus 1215/09 (Table 1). Although 
recorded differences in T-2 toxin yields after 3- (12,000 µg l-1) and 5-day in-
oculation (8,000 µg l-1) were not great, M. racemosus f. racemosus 1215/09 
biodegraded over 90.0% of other type A trichothecene present in the liquid 
medium. The yield reduction of T-2 toxin in this mixed culture amounted to 
95.0, i.e. 96.6% after 3-, i.e. 5-day incubation, respectively.

According to E l - S h a r k a w y  and A b b a s  (1991) biotransformation 
of T-2 toxin by use of species Aspergillus niger van Tieg. and Mucor mucedo 
Fresen. was done by acetylation and deacetylation of this fusariotoxin, with-
out degradation of the trichothecene skeleton, hence it is assumed that it also 
happened in experiments performed with our fungal isolate M. racemosus f. 
racemosus 1215/09.

A great capacity of the isolate M. racemosus f. racemosus 1215/09 to 
biodegrade DAS and T-2 toxin is the best observable if our results are compared 
with results gained by other authors. In the in vitro experiment of biotransfor-
mation of certain A- and B-trichothecenes with probiotic microorganisms 
(genera Bacillus, Lactobacillus, and Saccharomyces) B ö h m  et al. (2000) 
applied significantly lower concentrations of fusariotoxins. Those were con-
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centrations that could be found under natural conditions and they amounted 
to 500 µg kg-1 for both, DAS and T-2 toxin. However, the reduction in concen-
trations of tested trichothecenes was not recorded, and T-2 and DAS slowed 
down the growth of some strains of probiotic microorganisms.

Tab. 2 – Effects of filter sterilized liquid mono- and mixed culture Mucor racemosus f. racemo-
sus on biosynthesis of DAS and T-2 toxin in the liquid medium (SPY, 3 days, 175 rpm, 21-23oC)

Fungus Isolate 
design.

Added
filtrate

Final
pH

Toxin yield (µg l-1) Yield re-
duction (%)

DAS T-2

Fusarium
semitectum SL-B

- 4.76 34,000 n.d. (<21) 0
I 4.55 34,000 n.d. (<21) 0
II 4.75 34,000 n.d. (<21) 0
III 4.70 34,000 n.d. (<21) 0

Fusarium
sporotrichioides R-2301

- 4.20 n.d. (<21) 184,000 0
I 4.25 n.d. (<21) 184,000 0
II 4.18 n.d. (<21) 184,000 0
III 4.12 n.d. (<21) 184,000 0

Legend: 
I - F. semitectum SL-B+M. racemosus f. racemosus 1215/09 (SPY5 days, 175 rpm);
II - F. sporotrichioides R-2301+M. racemosus f. racemosus 1215/09 (SPY, 5 days, 175 rpm);
III - M. racemosus f. racemosus 1215/09 (SPY, 5 days, 175 rpm).

The decline of pH values, in the medium for DAS and T-2 toxin biosynthesis, 
from the initial 6.20 to the values ranging from 4.12 to 4.76 at the end of incu-
bation (Table 2), was observed in liquid cultures of F. semitectum SL-B and F. 
sporotrichioides R-2301 with or without addition of sterile filtrates of monocul-
ture of M. racemosus f. racemosus 1215/09 (III) or mixed cultures (I and II).

Extracellular enzymes of M. racemosus f. racemosus 1215/09 present in 
filtrates I, II and III did not essentially affect the changes in the pH value, nor 
the yield of the same fusariotoxints in tested producers of DAS and T-2 toxin 
after 3-day incubation in SPY. Similar results, i.e. absence of capacities of cell 
free supernatants of microbial cultures to transform one type B trichothecene 
(deoxynivalenol) were published by V ö l k i  et al. (2004). 

CONCLUSION

The isolate M. racemosus f. racemosus 1215/09 biodegraded 99.97%, i.e. 
90.0% of DAS present in the liquid medium SPY after 3-, i.e. 5-day incubation, 
respectively.

Under the same laboratory conditions the culture M. racemosus f. race-
mosus 1215/09 biotransformed 95.0%, i.e. 96.7% of T-2 toxin present in the 
medium after 3-, i.e. 5-day incubation, respectively.
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Extracellular enzymes of the isolate M. racemosus f. racemosus 1215/09 
were not capable to degrade tested type A trichothecens under laboratory 
conditions.

The gained results have to be considered just as a first step in the devel-
opment of practically and commercially acceptable technology for decontam-
ination of mycotoxin-containing food and feed .
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IN VITRO ДЕГРАДАЦИЈA ДИАЦЕТОКСИСЦИРПЕНОЛА И Т-2 ТОКСИНА 
ПОСРЕДСТВОМ ИЗОЛАTA MUCOR RACEMOSUS FRESEN. F. RACEMOSUS 

Александра С. Бочаров-Станчић1, Славица Ж. Станковић2, Јелена Т. Левић2, 
Наташа М. Салма1, Владимир Р. Пантић1, Саша С. Барнић1

1 „Био-Еколошки Центар” ДОО, 23000 Зрењанин, Република Србија 
2 Институт за кукуруз „Земун Поље”, 11185 Београд-Земун, Република Србија

Резиме

У контролисаним in vitro условима проучавана је способност изолата Mu-
cor racemosus f. racemosus 1215/09 да деградује трихотецене типа А (диацеток-
сис цирпенол - ДАС и Т-2 токсин) у течној хранљивој подлози. Претходним 
експериментима је доказано да одабрани изолат, пореклом са сунцокретове сач ме, 
поседује способност разградње наведених фузариотоксина, који су као си рови 
екстракти додати у модификовану Вогелову подлогу.

У циљу утврђивања биодеградације фузариотоксина течна хранљива под-
ло га СПК (5% сахароза + 0,1% пептон + 0,1% екстракт квасца, pH 6,2) је засејана 
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у исто време изолатом M. racemosus f. racemosus 1215/09 и: а) Fusarium semitectum 
SL-B (произвођач ДАС-а) или б) F. sporotrichioides R-2301 (произвођач Т-2 ток-
си на). Као контрола биосинтезе токсина коришћена је СПК подлога инокулисана 
појединачним изолатима гљива. Културе су инкубиране на ротационој тре си ли-
ци (175 о/мин) током 3-5 дана на собној температури (21-26оC). Након 3 до 5 дана 
инкубације вршено је филтрирање течних култура и екстракција фузариотоксина 
из филтрата етил-ацетатом. Детерминација ДАС-а и Т-2 токсина је рађена тан ко-
слојном хроматографијом на силика гелу Г. 

Зависно од дужине инкубације, M. racemosus f. racemosus је у здруженој 
култури са F. semitectum деградовала 90,0-99,97% ДАС-а присутног у подлози 
(40.000-120.000 µg l-1), док је у здруженој култури са F. sporotrichioides разградила 
95,0-96,7% Т-2 токсина присутног у подлози (240.000 µg l-1). 

Стерилни филтрати мешаних култура и појединачне културе M. racemosus 
f. racemosus, добијени пропуштањем течних култура кроз 0,45 µm мембрански 
филтер и додати СПК подлози, нису утицали на разградњу трихотецена типа А 
које су биосинтетисали изолати F. semitectum SL-B и F. sporotrichioides R-2301 у 
течној подлози.
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QUANTIZATION OF TOTAL FUMONISINS PRODUCED BY 
FUSARIUM VERTICILLIOIDES STRAINS IN SOME MAIZE 

AND SORGHUM GENOTYPES BY ELISA*

ABSTRACT: Fusarium verticillioides is one of the most prevalent Fusarium species on 
maize and sorghum, causing Fusarium ear rot and sorghum grain mold in warm and humid 
regions of Iran. The pathogen produces potent mycotoxins known as fumonisins. In order 
to determine mycotoxin (fumonisins) production on different maize and sorghum genotypes, 
a field trial was carried out based on a randomized complete block design with 10 treatments 
and three replications for each crop at Gorgan station in 2010. The ears of corn plants were in-
oculated by spore suspension of the mixture of some virulent F. verticillioides isolates using an 
ear inoculation method (Nail Punch). The sorghum panicles were also inoculated by spraying 
of spore suspension isolates at flowering stage. All infected kernels were evaluated by ELISA 
kits (AgraQuant Fumonisin Kit; Romer Labs, Austria) for their total fumonisins production at 
the physiological maturing stage. All genotypes showed statistically significant difference in 
their fumonisin production in Gorgan. The results of fumonisins analysis obtained from ELI-
SA test showed that lines 1 (Resistant) and 3 (Susceptible) with 2.4 ppm and 13.7 ppm had the 
least and highest amount of total fumonisins respectively among all maize genotypes. Also 
among all sorghum genotypes, genotypes 10 and 6 with 0.2 ppm and 4.8 ppm had the least 
and the highest amount of total fumonisins respectively. The results of this experiment dem-
onstrated that fumonisin production level in maize kernels (maybe as maize kernels are the 
main host of this fungus) was significantly higher than sorghum kernels in Gorgan region.

KEY WORDS: ELISA, Corn, Mycotoxin, Sorghum

INTRODUCTION

Maize (Zea mays L.) is one of the major crops in Iran with the production 
of approximately 1.65 million tons per year (Anonymous, 2009). Maize plants 
are affected by several Fusarium species that are responsible for diseases such 

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 61—70, 2011
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as root rot, stalk rot, seedling blight, and ear rot. Several species of Fusarium 
belonging to section Liseola can cause Fusarium ear rot of maize, but Fusar-
ium verticillioides (Sacc.) Nirenberg has been reported as the most prevalent 
Fusarium species on maize worldwide (L e s l i e , 1991; C h u l z e  et al., 2000; 
D a n i e l s e n  et al., 1998) and Iran (Z a m a n i  et al., 1998; R a h j o o  et al., 
2008b) 

Sorghum (Sorghum bicolor (L.) Moench) is the world’s fourth most im-
portant cereal crop after wheat, rice, and maize (S m i t h  & F r e d e r i k s e n , 
2000). Diseases and insects are major factors decreasing yield of sorghum 
cultivars. Among the diseases, grain mold is one of the most important biotic 
constraints to production of grain sorghum worldwide (T h a k u r  et al., 2006). 
Grain mold is caused by number of fungal species such as Fusarium spp. Al-
ternaria alternata, Curvularia lunata, Phoma spp., and approximately 40 
other fungal species. Grain mold reduces yield, seed viability, and nutritional 
quality. Molded grains contain mycotoxins and present health hazards to ani-
mals and human beings (C a s t o r  & F r e d e r i k s e n , 1980). The use of 
resistant cultivars offers the most effective method for controlling the disease 
(F o r b e s  et al., 1992). Grain mold has not been a great problem in Iran yet, 
but it can be a problem for seed production in humid regions, especially in the 
north of Iran. 

Based on the taxonomic system of G e r l a c h  and N i r e n b e r g  (1982) 
the teleomorph of F. verticillioides is Gibberella moniliformis Wineland, 
which corresponds to mating population A of the Gibberella fujikuroi species 
complex (L e s l i e , 1991; D a n i e l s e n  et al., 1998). Fusarium verticillioides 
is one of the most prevalent Fusarium species on maize and sorghum, causing 
fusarium ear rot and sorghum grain mold in warm and humid regions of Iran. 
The pathogen produces potent mycotoxins known as fumonisins. Fumonisins 
are a group of mycotoxins produced by Fusarium verticillioides that contami-
nate maize and maize-based products (N e l s o n  et al., 1993). Fumonisins 
were first isolated in 1988 from cultures of F. verticillioides strain MRC 826 
by Gelderblom and colleagues (G e l d e r b l o m  et al., 1988) at the Programme 
on Mycotoxins and Experimental Carcinogenesis (PROMEC) of the Medical 
Research Council (MRC) in South Africa (Marasas, 2001). Since the discovery 
of fumonisin B1 in 1988, more than 10 fumonisins have been isolated and char-
acterized. Of these, fumonisin B1 (FB1), FB2, and FB3

 are the major fumonisins 
found under field conditions. Fumonisins have been linked to various animal 
and human mycotoxicoses, such as leukoencephalomalacia in horses, pulmonary 
edema in pigs, and cancer in rats and humans (G e l d e r b l o m  et al., 1988; 
Yo s h i z a w a  et al., 1994).

Researchers use different methods for quantifying fumonisins produced 
in cereal kernels or foods. The production of monoclonal and polyclonal anti-
bodies against fumonisins have permitted the development of direct and indi-
rect competitive enzyme-linked immunosorbent assays (ELISAs) for screening 
foods, feeds, animal tissues and fungal cultures for fumonisins. ELISA is well 
suited for rapidly screening corn for fumonisins. Other advantages of the ELISA 
kits are their portability and ease of use (J a c k s o n  and J a b l o n s k y , 2004). 
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Limited studies about fumonisins in Iran (Ya z d a n p a n a h  et al., 2001; 
S h e p h a r d  et al., 2002; G h i a s i a n  et al., 2005; Ya z d a n p a n a h  et al., 
2006; R a h j o o  et al., 2008a) indicate that fumonisins are important myco-
toxins present on maize kernels before harvesting and during storage proce-
dures.

Objectives of this study were: (i) Evaluation of relative resistance of dif-
ferent maize and grain sorghum genotypes to diseases and (ii) Evaluation of 
mycotoxin production (fumonisins B) of different maize and grain sorghum 
genotypes; and to estimate the correlation between disease severity and my-
cotoxin production level in different genotypes.

MATERIAL AND METHODS

Isolation and Identification of fungal isolates

A total of 61 Fusarium isolates were recovered from maize ear and sor-
ghum panicle samples collected from different fields of the northern part of 
Iran. Two seeds of each sample were surface sterilized for 1 min with a 1% 
sodium hypochlorite solution, rinsed twice in sterile distilled water and dried. 
Two growth media, Potato Dextrose Agar (PDA) and Peptone PCNB Agar 
(PPA), were used for isolating Fusarium spp. The agar plates were incubated 
at 25ºC in the dark for 5-7 days. All Fusarium isolates were subcultured on 
PDA, Spezieller Nahrstoffarmer Agar (SNA), and Carnation Leaf Agar (CLA), 
using a single spore technique (L e s l i e  and S u m m e r e l l , 2006). PDA 
cultures were incubated at 25ºC and CLA and SNA cultures were incubated 
at 25ºC under near UV light for four weeks. Morphological identifications of 
isolates were made using the criteria of G e r l a c h  and N i r e n b e r g  (1982) 
and L e s l i e  and S u m m e r e l l  (2006).

Evaluation of pathogenicity

In order to evaluate the pathogenicity variation of Fusarium verticillio-
ides strains, an experiment based on a randomized complete design with 34 
treatments (20 F. verticillioides strains isolated from maize kernels, 12 strains 
isolated from sorghum kernels, one control with sterile distilled water inocu-
lation and one control without inoculation) and three replications were con-
ducted in greenhouse. Evaluation of pathogenicity was carried out using stem 
inoculation in one maize inbreed line (MO17) which was susceptible to fun-
gus. Inoculation was made using toothpick method by inserting the infected 
toothpicks into the first developed internode of corn stems, when the maize 
seedlings were two months old. The pathogenicity of each isolate was evalu-
ated based on the necrosis length observed in stems, 10 days after inoculation 
(D a n i e l s e n  et al., 1998).
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Evaluation of resistance to disease

In order to estimate disease severity on different maize and sorghum 
genotypes, a field trial was carried out based on a randomized complete block 
design with 10 treatments (Table 1) and three replications for each crop at 
Gorgan station (in the north of Iran) in 2010. The ears of corn plants were in-
oculated by spore suspension of the mixture of some virulent F. verticillioides 
isolates using an ear inoculation method (Nail Punch). The sorghum panicles 
were also inoculated by spraying of spore suspension isolates at flowering 
stage. All genotypes were evaluated based on the visual disease severity rat-
ing using scales 1-7 (R e i d  and Z h u , 2002) for fusarium ear rot and visual 
panicle grain mold rating (PGMR) using 1-9 scales (S h a r m a  et al., 2010) 
for grain mold at physiological maturing stage.

Tab. 1 – Maize and sorghum genotypes used in this study

No. Maize genotypes Sorghum genotypes
1 K18 Kimia
2 K19 Sepideh
3 K19/1 KGS11
4 MO17 KGS12
5 K74/1 KGS15
6 B73rfc KGS17
7 B73cms KGS19
8 K166A KGS23
9 A679 KGS27

10 K1264/1 KGS32

Fumonisins production analysis

All infected ears and panicles were gathered from the field and mixed 
kernels of each genotype were randomly collected to evaluate by ELISA kits 
(AgraQuant Fumonisin Kit; Romer Labs, Austria) for their total fumonisins 
production at the physiological maturing stage. 

RESULTS AND DISCUSSION

Among Fusarium isolates, a total of 32 and 20 F. verticillioides strains 
were isolated from maize and sorghum kernels respectively and were identi-
fied based on the morphological criteria. After pathogenicty evaluation of 
isolates in greenhouse test, 8 aggressive isolates were selected for inoculating 
maize and sorghum genotypes. 

All maize genotypes showed statistically significant difference in their sus-
ceptibility to F. verticillioides and fumonisin contamination in Gorgan (Figure 1). 
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The results of fumonisins analysis obtained from ELISA test showed that 
lines 1 (resistant) and 3 (susceptible) with 2.4 ppm and 13.7 ppm had the least and 
highest amount of total fumonisins respectively among all maize genotypes. 
On the other hand, line K19/1 (susceptible) had significantly higher levels of 
fumonisin in the grain and higher infection rate than the other genotypes used in 
this test. Fumonisin levels in maize kernels of infected ears ranged from 2.4 ppm 
to 13.74 ppm. No Maize line in this test was entirely free from fumonisin, so 
breeders should be able to find materials with better tolerance.

In addition, there were differences among sorghum genotypes in suscep-
tibility to grain mold and also to fumonisin contamination (Figure 2). Fu-
monisin levels in sorghum kernels ranged from 0.2 ppm to 4.8 ppm. Among 
all sorghum genotypes, genotypes 10 and 6 with 0.2 ppm and 4.8 ppm had the 
least and the highest amount of total fumonisins respectively. This is the first 
report of fumonisin analysis of sorghum hybrids in Iran.

There was a relationship between fumonisin contamination and disease 
severity measured on different maize genotypes (r = +0.71) and this value was 
estimated less (r = +0.59) for sorghum genotypes (Figure 3). Our data are 
agreed with those of B u s h  et al., (2004) and C l e m e n t s  et al., (2004). 
Bush found that the maize hybrids reported to be more susceptible to Fusarium 

Fig. 1 – Different responses of maize genotypes to fusarium ear rot based on disease 
severity (%) at field experiment (a), and total fumonisin detected from maize kernels 

of each genotype using ELISA test (b)
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ear rot had a significantly greater infection rate than either the resistant or the 
intermediate hybrids (B u s h  et al., 2004). In contrast to K e d e r a  et al., 
(1994) who did not find significant fumonisin production level in maize hy-
brids with high infection, C l e m e n t s  et al. (2004) found a correlation be-
tween low production levels and fusarium ear rot in some hybrids.

CONCLUSION

As a conclusion, it seems that fumonisins are present on infected maize 
and sorghum kernels and even on healthy kernels in our country. Fumonisins 
can be considered as a great threat for consumers, especially when susceptible 
genotypes are used by farmers.

The results of this experiment demonstrated that fumonisin production 
level in maize kernels (maybe as maize kernels are the main host of this fungus) 
was significantly higher than in sorghum kernels in Gorgan region. There was 
a significant relationship between fumonisin contamination and disease severity 
measured on maize kernels. These results can help us to find the genotypes with 
low fumonisin accumulation in the future investigations. We need to continue 

Fig. 2 – Different responses of sorghum genotypes to grain mold based on disease 
severity (%) at field experiment (a), and total fumonisin detected from sorghum kernels 

of each genotype using ELISA test (b)
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our survey to quantify fumonisin levels in a broad range of genotypes at dif-
ferent locations and using more reliable methods like HPLC to find cultivars 
with low infection and fumonisin contamination.
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КВАНТИЗАЦИЈА УКУПНИХ ФУМОНИЗИНА КОЈЕ СТВАРАЈУ 
СОЈЕВИ FUSARIUM VERTICILLIOIDES КОД НЕКИХ ГЕНОТИПОВА 

КУКУРУЗА И СИРКА ПОМОЋУ ЕЛИСА ТЕСТА

Вахид Рахџу1, Марјам Парчамијан2, Мохамед Таги Феизбаш3 и Мајид Замани1 
1 Завод за заштиту биља, Исламски универзитет Азад, Дамгхан, Иран

2 Институт за унапређење семена и биља (SPII), Карај, Иран
3 Центар за истаживање у пољопривреди провинције Горган, Иран

Резиме

Fusarium verticilliodes је једна од најраспрострањенијих Fusarium врста на 
кукурузу и сирку и изазива труљење клипа кукуруза и плеснивост зрна сирка у 
топлим и влажним подручјима Ирана. Ова патогена гљива производи јаке ми-
котоксине познате као фумонизини. У циљу одређивања стварања микотоксина 
(фумонизина) на различитим генотиповима кукуруза и сирка постављен је оглед 
по случајном complete-block дизајну са 10 третмана и 3 понављања за сваки род 
на локацији Горган 2010. године. Клипови кукуруза су инокулирани техником 
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бу шења са суспензијом спора која представља мешавину неких вирулентних F. 
verticilliodes изолата. Метлице сирка су инокулиране прскањем суспензије изо-
ла та која садржи споре у време цветања. Сва инфицирана зрна су помоћу ЕЛИСА 
китова (AgraQuant Fumonisin Kit; Romer Labs, Austria) оцењивана у погледу укупне 
производње фумонизина у физиолошкој фази сазревања. Сви генотипови су 
показали статистички значајну разлику у производњи фумонизина на локацији 
у Горгану. Резултати добијени ЕЛИСА тестом су показали да су линија 1 (от пор-
на) и линија 3 (осетљива) са 2,4 ppm односно 13,7 ppm линије са највећим односно 
најмањим садржајем укупних фумонизина код свих генотипова кукуруза. Код 
сирка, генотип 10 и генотип 6 са 0,2 ppm односно 4,8 ppm су имали највећи од но-
сно најмањи укупни садржај фумонизина. Резултати нашег екепримента у ре ги-
ону Горган су показали да је ниво стварања фумонизина у зрну кукуруза (можда 
због тога што је кукурузно зрно главни домаћин ове гљивице) био знатно већи 
него у зрну сирка.
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EVALUATION OF THE REACTION OF EARLY 
MATURING MAIZE GENOTYPES TO COMMON 

SMUT USING ARTIFICIAL INOCULATION*

ABSTRACT:  In order to study of the resistance of early maize genotypes, 44 lines, 
and hybrids in 2008 and 30 genotypes in 2009 in RCBD were conducted at Karaj and Esfa-
han Stations. All of the ears were inoculated by tip injection method at suitable time. In-
oculation was carried out with syringe (3ml/each ear) at silking stage. Evaluation was done 
on ears 3-4 weeks after inoculation. The results of variance analysis and mean comparison 
showed that there is a different reaction among material to disease. In this study, after har-
vesting of ears, the resistance of each genotype was determined based on disease severity 
index (0-7). Among examined lines in 2008, line no. (41) (KE 77004/1-1-1) was specified as 
susceptible and no. (28 and 42) (KE 77003/1-8-1) and (37A) as resistant lines. Also among 
hybrids, K SC 400 was identified as resistant hybrid. Also, among lines in 2009, line no. 
(29) (KE77004/1-1-1) was specified as susceptible and line no. (27) (KE77005/4) as resistant 
line respectively. Among hybrids, hybrid no. (9) (KE77006/3 ×K1263/1) evaluated as resist-
ant hybrid. 

KEY WORDS: Artificial inoculation, common smut, maize, resistance 

INTRODUCTION

Common smut is an extremely disease of different types of corn in 
throughout the world. Causal agent is a fungus named Ustilago maydis. One 
of the special characters of the fungus is high production of spores that the 
rate of it is estimated 2.5-6 x 106 in 1 cm3 and the stability in soil has been 
reported between 5-7 years (C h r i s t e s e n , 1963). In order to pathogenecity 
and complementary of life cycle, mating type among compatible sporidia is 
necessary to change into pathogenic dikaryon mycelium, which penetrate to 
shoot system specially ears of susceptible genotypes to caused yield loss 
(D a y  and A n a g n o s t a k i s , 1971). 

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 71—77, 2011
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Losses vary with the year, geographical location, and cultivar grown. 
Yields of individually infected plants can be reduced 40%-100% if galls are 
large or formed on the ears (P o p e  and M c C a r t e r , 1992). Host resistance 
offers, the most economical means of control of common smut (S m i t h  and 
W h i t e , 1988). In some cases, resistance may be a polygenic trait such as 
tightness and thickness of husks that involves few genes might be effective 
physiological and morphological characters (Ky l e , 1929).

In order to determine the response of corn materials to smut in artificial 
infection condition, it is better to be applied sporidia suspension through tip 
injection so that physiological resistance of cob and kernel tissues is investi-
gated (P o p e  and M c C a r t e r , 1992). 

Z a m a n i  and C h o u k a n  (1990) evaluate the resistance of 60 late 
hybrids using cob injection method and reported K 3165/2 x MO 17 as suscep-
tible and K 1259/3 x B 73 as resistant hybrid. The aim of this study was to 
evaluate early genotypes and to determine the resistance of them in pathology 
unit to apply in breeding programs. 

MATERIALS AND METHODS

Some infected corn ears to common smut were gathered from different 
locations of Iran in 2007. Teliospores from naturally infected ears were sur-
face sterilized with CuSo4 1.5% and then were transferred on APDA and 
CMA media and incubated at 23-25oC. Following teliospore germination, 
sporidia were removed and streaked onto APDA two more times to obtain 
pure colonies. In order to prepare of sporidia, from galls of infected sample, 
12 compatible samples were cultured and finally 6 samples were selected.

In this study, all possible pair combinations were used to give a final 
concentration of 1 x 106 sporidia per mm. Then 3 ml of mixed culture was 
injected to each ear by injection method. 

Field plots were located at Karaj and Isfahan. In this study, 44 early gen-
otypes in 2008 and 30 genotypes in 2009 were selected and cultivated in 
RCBD with 3 Replications.

Routine practices were used on plots. In every year all of genotypes were 
planted in rows spaced 75 cm. All of the ears were inoculated by tip injections 
method at suitable time (Mid silking) when the silks are 5 cm. Inoculum was 
applied to silk channel from the tip of the each ear. The inocoulum was re-
leased into ears without any wound. Inoculation was carried out with syringe 
(3ml each ear) at silking stage.

After incidence of symptoms (galls), evaluation of material was conduct-
ed 4 weeks, after inoculation. Disease severity determined with visual rating 
scale (0-7) in which 0 indicates no infection and 1-7 indicate increasing pro-
portion of ear galled. Disease severity data were subjected to an angular 
transformation prior analysis to improve homogeneity of variance. The re-
sponse of material to common smut with using disease severity is categorized 
six groups.
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RESULTS AND DISCUSSION

The result of variance analysis and mean comparison showed significant 
differences among genotypes when using disease severity index (Table 1). 
Also effect location x year and interaction genotypes x year, genotypes x lo-
cation at 1% level was significant at 5% level. In this case is stated that com-
mon smut showed different reactions in every location due to different wheth-
er condition in disease development, whereas (D a y  and A n a g n o s t a k i s , 
1971) reported that the disease development at dry regions and (S m i t h  and 
W h i t e , 1988) reported humid region for disease development, that it could 
be made problems for screening of maize genotypes. 

Tab. 1 – Variance analysis of disease severity of common smut on late maize hybrids in 2008 
and 2009 at Karaj and Isfahan stations

 (S.O.V.)
(d.f)  (MS)

Smut (d.f)  (MS)
Smut

Year 2008 Year 2009
Location (L) 1 0.371* 1 11.5*

Error (E1) 4 0.154 4 1.297
Hybrid (H) 43 4.133** 29 6.259**

L x H 43 1.469** 29 1.525**

Error (E2) 172 0.398 116 0.617
(%CV) 27.89% 29.80%

*, **: Significant at 5% and 1% levels of probability respectively 

Therefore, with using disease severity index all of genotypes were cate-
gorized in different groups (Table 2). 

Disease development on lines and hybrids were satisfied in 2008 (Figure 
1) where as the average of infection in K SC 301 was 3.583 as check and range 
of disease was 0.81 to 4.33 (Table 2).

Fig. 1 – An illustration of infected ears after artificial inoculation in field
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Tab. 2 – Mean comparison and ranking of early maturity maize genotypes to common smut in 
2008 based on disease severity at Karaj and Isfahan

Response Mean of disease severity (DS) Early genotypes No.
MS  2.450 ABCDEF KE 75016/2-1-1-1 x K 1264/5-1 1
MS  2.733 ABCDEF KE 76009/1-4-1-2-3-1 x K 1264/5-1 2
S  3.050 ABCDEF KE 76005/111 x K 1264/5-1 3

MR  1.450 CDEF KE 76006/111 x K 1264/5-1 4
MR  1.967 BCDEF KE 75006/212 x K 1264/5-1 5
MS  2.700 ABCDEF KE 76009/311 x K 1264/5-1 6
MS  2.393 ABCDEF KE 76009/321 x K 1264/5-1 7
MR  1.167 EF KE 75006/212 x K 1263/1 8
MS  2.483 ABCDEF KE 76009/311 x K 1263/1 9
MS  2.083 ABCDEF KE 76009/312 x K 1263/1 10
S  3.583 ABCD K 1271/6 x OH 43/1-42 11

MR  1.833 BCDEF K 1263/1 x KE 75039 12
MS  2.383 ABCDEF K 1263/1 13
MS  2.683 ABCDEF KE 72012/12 14
MS  2.217 ABCDEF K 1728/8 15
MR  2.000 BCDEF K 2331 16
MR  1.500 CDEF K 1263/2-1 17

S  3.917 AB OH 43/1-42 18
MS  2.467 ABCDEF R 59 19
S  3.233 ABCDE K 615/1 20

MR  1.600 BCDEF K 1264/5-1 21
MR  1.650 BCDEF K 2325/1 22
MR  1.417 DEF K 1263/17 23
MR  1.700 BCDEF S 61 24
MR  1.650 BCDEF R 59 x R 319 25
MR  1.967 BCDEF 37A x W 153 R 26
MR  1.083 EF R 319 27
R  0.817 F 37A 28
S  3.850 AB 153R 29

MR  1.467 CDEF K SC 201 30
MS  2.183 ABCDEF DC 370 31
R  0.967 F K SC 400 32

MS  2.150 ABCDEF K SC 260 33
MS  2.800 ABCDEF K SC 500 34
MS  2.033 BCDEF K SC 302 35
S  3.767 ABC K SC 302/1 36

MS  2.367 ABCDEF KE 79008/5-11 37
MS  2.850 ABCDEF KE 79006/3-2-1 38
MS  2.767 ABCDEF KE 79017/5-2-1 39
MR  1.317 DEF KE 79015/6-2-1 40
HS  4.333 A KE 77004/1-1-1 41
R  0.850 F KE 77003/1-8-1 42

MS  2.150 ABCDEF K 722 43
S  3.583 ABCD K SC 301 44

S: susceptible; MS: moderately susceptible; HS: highly susceptible; R: resistant; MR: moderately 
resistant
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Among examined lines in 2008, line No. 41 was specified as highly sus-
ceptible and lines No. 28 and 42 as resistant lines. Also among hybrids, KSC400 
identified as resistant hybrid. The result of G o g h  (1976) also confirmed that 
the rate of disease is low in crosses of resistant lines (R×R); on the contrary, 
in susceptible lines the rate of infection is very high.

In breeding programs, resistant lines have been specified to smut, but so 
far mechanism and stability of resistances has not been understood. Mean-
while, morphological characters such as thick of husk cover could be affected 
in resistance stages (Ky l e , 1929). In order to confirm resistance of some 
genotypes and other materials, 30 early maturity genotypes were evaluated by 
artificial inoculation in 2009 (Table 3). 

Tab. 3 – Mean comparison and ranking of early maturity maize genotypes to common smut in 
2009 based on disease severity at Karaj and Isfahan

Response Mean of disease severity (DS) Early genotypes No.
MR 1/217 DE KE 77002/1 × K1263/1 1
MR 1/700 CDE KE77003/2 × K 1263/1 2
MS 2/333 BCDE KE77003/3 × K 1263/1 3
MS 2/883 BCDE KE77003/4 × K 1263/1 4
MR 1/750 CDE KE77003/7 × K1263/1 5
MS 2/317 BCDE KE77003/8 × K1263/1 6
MS 2/683 BCDE KE77003/9 × K1263/1 7
S 3/450 BCD KE77003/10 × K1263/1 8
R 0/950 E KE77006/3 × K1263/1 9

MS 2/367 BCDE KE770010/2 × K1263/1 10
MS 2/583 BCDE KE77003/3 × K1264/5-1 11
MS 2/800 BCDE KE77003/4 × K1264/5-1 12
S 3/350 BCDE KE77003/9 × K1264/5-1 13
S 3/950 ABC KE77003/10 × K1264/5-1 14

MS 2/667 BCDE KE77003/12 × K1264/5-1 15
S 3/917 ABC KE77004/1 × K1264/5-1 16
S 3/217 BCDE KE77006/2 × K1264/5-1 17

MS 2/350 BCDE KE77006/3 × K1264/5-1 18
S 3/200 BCDE KE77006/4 × K1264/5-1 19

MS 2/150 CDE KE77005/4 × K1264/5-1 20
MS 2/033 CDE KE78002/231 21
MS 2/917 BCDE KE8011/61231 22
HS 4/500 AB KE78011/61232 23
MS 2/150 CDE KE78011/611 24
MR 1/400 DE KE77010/3 25
MS 2/567 BCDE KE77006/4 26
MR 1/100 DE KE77005/4 27
MS 2/050 CDE KE77005/2 28
HS 5/767 A KE77004/1-1-1 29
MS 2/650 BCDE KE77003/10 30

S: susceptible; MS: moderately susceptible; HS: highly susceptible; R: resistant; MR: moderately 
resistant
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Disease development on lines and hybrids in 2009 was better than last 
year, whereas range of disease in this year (2009) was 0.95 to 5.76; also the 
average of infection in both years was about 2.41 (Table 3). Among lines, line 
No. 29 was highly susceptible similar to last year and line 27 as resistant. 
Among hybrid, hybrid No. 9 evaluated as resistant hybrid. The greatest of DS 
was related to KE77004/1-1-1 and at least in KSC 400. In addition, crosses of 
this line (K1263/1) was resistant to smut such as KE 77006/3 x K 1263/1. In 
this study from two susceptible lines (K1271/6 and OH 43/1-42) was obtained 
one susceptible hybrid (K1271/6 x OH 43/1-42).

CONCLUSION

It is clear that disease severity can be considered as a suitable and a sta-
ble index for evaluating of resistance of genotypes to common smut as our 
results demonstrated. 

In general, disease development in this method (Tip injection) and its 
facility in applying in cornfields could be an accurate assessment for breeders 
to release the best and most resistant hybrids for introducing to farmers. 
Therefore, further investigations should be conducted to determine resistant 
cultivars to common smut in Iran.
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ЕВАЛУАЦИЈА ОТПОРНОСТИ ГЕНОТИПОВА РАНОГ КУКУРУЗА 
НА ГАР ПОМОЋУ ВЕШТАЧКЕ ИНОКУЛАЦИЈЕ

Маџид Замани1, Вахид Рахџу1, Марјам Парчамјиан2
1 Завод за истраживање кукуруза и сточне хране, Институт за унапређење 

семена и биља, Карај, Иран
2 Завод за заштиту биља, Исламски универзитет Азад, Дамгхан, Иран

Резиме

У циљу проучавања отпорности генотипова раног кукуруза постављен је 
оглед са 44 линије хибрида 2008. године и 30 генотипова 2009. године по слу чај ном 
complete-block дизајну на локацијама у Карају и Есфахану. Сви клипови су ино-
кулирани инјекционом техником у одговарајуће време. Инокулација је оба вље-
на убризгавањем (3 ml по сваком клипу) у време свилања кукуруза.  Евалуа ци ја 
клипова је урађена након 3 до 4 недеље. Резултати добијени анализом вари јан се 
и поређење средњих вредности су показали да постоји различита отпорност испи-
тиваног материјала на болест. Након брања кукурузних клипова одређивана је 
отпорност сваког генотипа на бази индекса тежине обољења (0-7). Од испи ти ва них 
линија у 2008. години  као осетљива се показала линија број 41 (KE77004/1-1-1) а 
као отпорне линије број 28 и 42 (KE77003/1-8-1 и 37А). Од испитиваних хи брида 
отпорност је показао K SC 400. Од испитиваних линија  у 2009. години, линија 
број 29 (KE77004/1-1-1) се показала као осетљива а линија број 27 (KE77005/4) као 
отпорна. Од испитиваних хибрида, хибрид број 9 (KE77006/3xK1263/1) је оцењен 
као резистентан.
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EFFECTS OF CHEMICAL TREATMENTS ON INFESTATION 
OF ALTERNARIA SPP. AND FUSARIUM SPP. IN CORRELATION 

WITH TECHNOLOGICAL WHEAT QUALITY*

ABSTRACT: In this study, the time of infestation by fungi from genus Alternaria 
spp. and Fusarium spp. was investigated in different stages of wheat maturity (milk, waxy, 
and technological maturity); the effects of different fungicides on the yield, technological 
properties, and content of mycotoxin DON were studied also. 

The results showed that Alternaria spp. attacked spike and kernel in flowering and 
end-flowering stage, as it was already known for Fusarium species. Fungicide treatment 
increases the yield up to 20%, test weight by 3.7%, and thousand-kernel weight up to 19.1%.

High content of mycotoxin DON, above tolerable limits, was detected only in the 
treatment with fungicide Caramba and in untreated control.

KEY WORD: chemical treatment, Fusarium, Alternaria, technological quality, DON

INTRODUCTION

In difference to the 70’s and 80’s of the last century, when Fusarium spe-
cies dominated on wheat kernels, diseases caused by Alternaria spp. are of 
recent widespread. In 2004, Alternaria spp. and some other fungi caused ex-
tremely low technological quality of wheat kernel (B a l a ž , 2010).

Fungi from genus Fusarium have high economic significance causing 
decrease of yield and grain quality. In Serbia, agro-climatic conditions favor 
development of Fusarium graminearum (Schwabe) which is the main causal 
agent of wheat head blight (B a l a ž  et al., 2006; 2010). According to B a g i 
(1999) in years with average precipitation level, disease incidence of wheat head 
blight is about 5%. Beside F. graminearum, some other Fusarium species as well 

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 79—84, 2011
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as fungi from genera Alternaria, Aspergillus, Penicillium etc., colonize wheat 
kernel inducing significant losses.

As previously described, fungal contamination causes significant yield 
decrease, but the losses are even greater because of mycotoxins produced by 
these fungi. Cereals contaminated by Fusarium spp. and other mycotoxin pro-
ducers, are not only a risk to human and animal health, but also influence 
reduced technological properties (P r a n g e  et al., 2005; H a v l o v a  et al., 
2006; S u c h o w i l s k a  et al., 2007, 2010).

H a i d u k o w s k i  et al. (2005) consider that fungicide treatment during 
or immediately after wheat flowering stage can significantly reduce Fusarium 
head blight infestations and control wheat leaf diseases as well. 

The aim of this research was to investigate the time of head infection by 
Alternaria spp. and Fusarium spp. and chemical control possibilities against 
pathogens, as well as their influence on technological wheat quality.

MATERIAL AND METHODS

The experiment was conducted in 2010 on the location of Bački Petrovac 
using wheat variety Renesansa. 

During vegetation period standard agrotechnical measures were applied. 
Chemical treatments were applied in flowering stage using TwenJet 11004 
nozzle. In the research were used following fungicides: Osiris 2l/ha (metcona-
zole+epoxiconazole), Prosaro 1 l/ha (tebuconazole+prothioconazole), Cham-
pion 1.2 l/ha (epoxiconazole +boskalid), Caramba 1.5 l/ha (metconazole), Bumper 
1l/ha (propiconazole), Zamir 1l/ha (prochloraz+tebuconazole). Plots of each 
treated wheat variety were established randomly in four replications with un-
treated control. Each parcel was 5 m2. 

Wheat kernel mycobiota was detereminated by phytopathological isola-
tions in milk stage, waxy, and technological maturity. Fusarium head blight se-
verity was evaluated calculating the number of infected spikes/m2 during early 
milk stage of wheat. Immediately after harvest, in purpose of mycotoxin and 
quality parameters analysis and mycobiota determination, representative seed 
samples were taken.

Thousand-kernel weight was determined by Perten SK CS 4100 (Kernel 
Hardness Tester, Perten Instruments, Reno, Nevada, USA). The hectoliter 
weight was measured by dusting the procedure and equipment Schopper scale. 
Level of fungal infection was determined by Petri dish test according to Pitt 
and Hocking (1985). Determination of fungi to the level of genus was per-
formed based on morphology and cultural characteristics.

Protein content was determined according to AOAC approved methods 
992.23. Gluten content was determined according to ICC standard No 106/1.

 Mycotoxin DON was determined from both treated and untreated wheat 
cultivars by ELISA (enzyme-linked immunosorbent assay) method. Screening 
method for analysis was done using Neogen Veratox® testing kits with limits 
of detection 0.25 mg/kg for DON (342 Veratox DON-a 5/5).
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All data were processed using Statistica 10 software (StatSoft Inc., Tulsa, 
Oklahoma). Statistically significant differences between means were detected 
by Tukey’s test after analysis of variance (ANOVA). 

RESULTS

During last two decades, in agricultural practice in Serbia, fungicide ap-
plication in wheat protection has been reduced and focused on good agrotech-
nical measures and fertilization. Fungicides are used only in the high yield tar-
geted production. Since F. graminearum is dominated pathogen, F. culmorum 
appears only in very humid years (B a g i , 1999). Beside Fusarium spp., Alter-
naria spp. occurs very frequently nowadays (B a l a ž  et. al., 2010).

The results showed that Alternaria spp. infected spike and kernel in 
flowering and end-flowering stage such as fungi from Fusarium genera. That 
explains positive effect of chemical treatments on wheat in flowering stage. 
Chemical treatments were applied in flowering stage using TwenJet 11004 
nozzle that enables better ear coverage with fungicides, which is in correlation 
with L e h o c z k i - K r s j a k  et al. (2008).

Effects of fungicide treatments had high significance in all stages, i.e. 
less percentage of infestations by fungi in respect to the control plot. Infection 
was positively correlated with yield decrease. 

On the control plot yield was 6.132t/ha, that is 19.7% less than yield 
achieved in the treatment with fungicide Osiris of 7.635 t/ha (Table 1).

Results achieved in this work are in accordance to previous researches, 
which showed that yield is increased by fungicides treatment quantitatively 
such as qualitatively (B a l a ž  et. al, 2006). 

Tab.1 – Infestation of Alternaria spp. and Fusarium spp. in different seed development stages of 
wheat with different fungicide treatments 

Fungicides 

SEED DEVELOPMENT STAGES 

YIELD 
t/ha

Milk stage Waxy maturity Technological
maturity 

Alternaria 
spp.

Fusarium 
spp.

Alternaria 
spp.

Fusarium 
spp.

Alternaria 
spp.

Fusarium 
spp.

Osiris 0 a 0 a 0 a 0.5 a 0 a 1.2 a 7.635 c
Prosaro 10.1 b 0 a 5.3 b 0.8 a 0.3 a 2 a 7.582 c
Caramba 15.3 c 5.2 b 16.4 c 2.8 ab 14.9 b 4.6 b 7.254 bc 
Champion 10.2 b 8.5 bc 13.4 c 6.2 b 12.7 b 7.3 b 6.972 b
Bumper 13.8 bc 10.6c 12.9 c 11.2 c 14.1 b 12.6 c 6.725 b
Zamir 22 d 15.8 d 21.7 d 17.3 d 24.1 c 16.6 c 6.725 b
CONTROL 36.4 e 26.7 e 34.8 e 25.6 e 38.4 d 28.7 d 6.132 a

Mean values in the same column followed by different letters of the same case are significantly 
different (P < 0.05)
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In the case of 1000 kernel weight and hectoliter weight, fungicide treated 
cultivars had significant higher values compared to untreated control on the 
level of p<0.05 (Table 2). 

Previously described fungi are of great importance due to toxin produc-
tion, particularly DON produced by Fusarium spp., which was examined in 
many researches focused on resistance of genotypes to Fusarium head blight, 
fungicide efficacy, and mycotoxin accumulation (S i m p s o n  et al., 2001, 
P i r g o z l i e v  et al., 2002, A n d e r s e n  and T h r a n e , 2006).

Deoxynivalenol is mycotoxin produced by F. graminearum and F. cul-
morum. Although it is considered the most frequent contaminant of wheat 
kernel infested by Fusarium head blight, it should not neglect other toxin pro-
ducers harmful for animal and human health. 

According to S i m p s o n  et al. (2001) and H a i d u k o w s k i  et al. 
(2005) fungicides treatments with triazoles, very effectively control Fusarium 
head blight and content of DON and combination of triazoles (tebuconazole + 
protioconazole) is even more efficient stated by H a u s e r  H a h n  et al. (2008).

Tab. 2 – Effect of fungicides treatments on physical, chemical and DON mycotoxin content in 
wheat grain

Fungicides Test weight 
(kg/hl)

1000 Protein 
content 

(%/d.m.)

Gluten 
content (%)

DON
mg/kgkernel weight 

/sm 
Zamir 79.7 b 38.9 e 12.13 b 24.12 b <0.25 a
Champion 79.5 b 33.4 c 12.42 bc 25.14 bc <0.25 a
Osiris 79.7 b 34.7 d 12.23 b 24.50 b <0.25 a
Prosaro 79.7 b 34.4 d 14.4 d 30.47 d <0.25 a
Pumper 79.7 b 32.7 b 12.06 b 23.92 b <0.25 a
Caramba 80.1 b 33.7 c 12.9 c 26.60 c  0.77 b
CONTROL 77.2 a 31.5 a 11.45 a 22.01 a  1.30 c

Mean values in the same column followed by different letters of the same case are significantly 
different (P < 0.05)

Mycotoxin DON was present above detection limit in two cases wheat 
sample treated with fungicide Caramba (0.77 mg/kg) and untreated control 
(1.3 mg/kg). This research shows that chemical treatments in flowering stage 
can effectively suppress the occurrence of all contaminate products of fungi 
(Table 2).  

Chemical composition of kernel, regarding protein and gluten, also indi-
cates the positive effect of wheat protection. Higher content of protein and 
gluten in wheat treated with fungicide can be explained by better conditions 
for the synthesis of protein compared to untreated control. The highest protein 
content was remarked in the treatment with Prosaro, in amount of 14.4%, 
which is a highly significant difference compared to untreated control 11.45% 
(Table 2). 
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CONCLUSION

Results of this work showed that fungus from genus Alternaria genera 
attacked head in flowering and end-flowering phase respectively. 

 Fungicides Osiris and Prosaro applied with Twen Jet 11004 nozzle pro-
vided efficient protection against the most common wheat diseases. 

Efficient protection of wheat from Alternaria spp. and Fusarium gramine-
arum contribute to high technological kernel quality and high yield.
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УТИЦАЈ ХЕМИЈСКЕ ЗАШТИТЕ ПШЕНИЦЕ НА ИНТЕЗИТЕТ 
ЗАРАЗЕ ВРСТАМА ИЗ РОДА FUSARIUM SPP. И ALTERNARIA SPP. 

У КОРЕЛАЦИЈИ СА ТЕХНОЛОШКИМ КВАЛИТЕТОМ 

Ференц Ф. Балаж1, Марија И. Бодрожа Соларов2, Јована Н. Вучковић 2, 
Ференц Ф. Баги1

1 Пољопривредни факултет, Департман за заштиту биља и животне средине, Д. 
Обрадовића 8, 21000 Нови Сад

2 Научни институт за прехрамбене технологије, Цара Лазара 1, 21000 Нови Сад

Резиме

Испитивано је време инфекције гљивама из рода Alternaria spp. и Fusarium 
spp. у различитим фазама зрелости пшенице (млечна, воштана, пуна) као и деј-
ство примене различитих фунгицида на принос, параметре технолошког ква ли-
те та, и садржај микотоксина ДОН. Резултати овог истраживања су да и гљиве из 
рода Alternaria заражавају клас и зрно у фази формирања зрна, као што је то до 
сада било познато за Fusarium врсте. Третман фунгицидима повећава принос до 
20 %, хектолитарску масу за 3,7%, масу хиљаду зрна до 19,1%. Садржај мико ток-
сина ДОН изнад дозвољене границе утврђен је једино код примене комерцијалног 
пре парата Cаrambа и код контроле без третмана.
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FUNGICIDE RESIDUES IN GRAPES DETERMINED THE 
DYNAMICS OF SACCHAROMYCES CEREVISIAE STRAINS 

DURING SPONTANEOUS WINE FERMENTATION*

ABSTRACT: Impact of three fungicides against B. cinerea (iprodione, pyrimethanil 
and fludioxonil plus cyprodinil) on the population of Saccharomyces cerevisiae strains 
during the spontaneous alcoholic fermentation was studied. With regard to the use of fun-
gicides in the vineyard at two stages of the grapevine growth we followed four different spon-
taneous fermentations: control, iprodione, pyrimethanil and fludioxonil plus cyprodinil. 
The fungicide residues in the grapes were determined by GC/MS system and the fermenta-
tions were followed by changes in yeast, sugar, and ethanol concentrations using colony 
counting and HPLC. The karyotype analysis of 473 isolates was done by pulsed-field gel 
electrophoresis. The fungicide residues in the grapes at the harvest were below the maximum 
residue limits. Isolates of S. cerevisiae were classified into 15 karyotype groups. The duration 
of the processes and the populations of the karyotypes differed between the fermentations. 
The iprodione and control fermentations lasted 36 days with the prevalence of karyotype A 
while the fludioxonil plus cyprodinil fermentation lasted 50 days and karyotype D led the 
process. In the pyrimethanil fermentation, none of the karyotypes prevailed in the must and 
the fermentation lasted much longer than others did (68 days). The results showed that the 
fungicide residues have an influence on the fermentation kinetics and selection of S. cerevisiae 
strains during the spontaneous alcoholic fermentation and therefore should be considered 
as an important factor that may indirectly influence the formation of fermentation aroma in 
the wine produced by such process.

KEY WORDS: Botrytis cinerea, Strain typing, Wine yeasts, Yeast Ecology

INTRODUCTION

Gray mould (Botrytis cinerea Pers.) is an important fungal disease of the 
grapevine (Vitis vinifera L.). Its development in the grapes depends on the 
susceptibility of the variety grown in the vineyard and the climatic conditions 
during the growing season, especially at the flowering and during the grape 

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 85—101, 2011
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ripening (P e a r s o n  and G o h e e n , 1988). Balanced growth of the vines in 
the vineyard and proper canopy management represent the best way to control 
the disease but is often not enough, particularly in the cool climate vineyards 
where the application of fungicides against B. cinerea is required. They are 
generally used two times during the season: at the closure of grape berries and 
at the beginning of grape ripening that usually represents the last application 
of the fungicides before the harvest (E l l i s o n  at al., 1998). Older fungicides 
against B. cinerea belong to the group of dicarboximides, while the new ones 
either to the group of anilinopyrimidines, phenylpyrrols or hydroxyanilides 
(F o r s t e r  and S t a u b , 1996; R o s s l e n b r o i c h  and S t u e b l e r , 2000). 
The amount of fungicide residues found in the grapes and further in the must 
at the beginning of the wine fermentation depends on the half period of the 
fungicide, climatic conditions during the grape ripening and the type of grape 
processing. If the safety interval and the prescribed concentration of fungicide 
are considered correctly, the residues normally do not reach the maximum 
residue limits (C a b r a s  et al., 1997b; C a b r a s  and A n g i o n i , 2000). 

Yeast ecology of grape berries and later in wine fermentations is influ-
enced by several factors (R a s p o r  et al., 2006). An impact of fungicides has 
been studied recently (C a d e z  et al., 2010) and the authors showed that they 
have an impact on the composition of grape berry communities after the safe-
ty interval. Further, C u s  and R a s p o r  (2008) examined the influence of 
fungicide pyrimethanil on the course of spontaneous wine fermentation and 
correlated it with an initial concentration of yeasts in must. As yeast strains 
notably determine the aroma of the produced wine (L e m a  et al. 1996; R o -
m a n o  et al., 2003; H o w e l l  et al., 2004) the amount of fungicides residues 
in fermenting must may indirectly influence the quality of wine. On the other 
hand the impact of the fungicide residues on the wine yeasts is difficult to 
measure in particular in low concentrations as they are found in the grapes and 
must. In most studies the inoculated fermentations contained the fungicides 
in higher concentrations than those normally found in the grapes (C a b r a s 
et al., 1999; P o l s i n e l l i  and Va n d i n i , 2003) or impact of fungicides on 
yeast growth was observed on solid media (S a p i s - D o m e r c q , 1980; 
M o n t e i l  et al., 1986). The latter method was improved by use of paper 
discs which is well established method in the inspection of growth inhibition 
by antibiotics (W o o d s  and W a s h i n g t o n , 1995; C a d e z  et al., 2010). In 
spite of all mentioned methods there is still lack of the results for indigenous 
yeast flora present in the spontaneous alcoholic fermentation.

Characterisation of yeast strains in the grape must during the wine fer-
mentation is of great practical interest as yeast strains differ in their metabolic 
profile which significantly determines the fermentation aroma of produced 
wine (E g l i  et al., 1998; P r e t o r i u s , 2000; R o m a n o  et al., 2003). Nu-
merous techniques of typing yeast strains on the basis of DNA polymorphism 
are currently available and they allow very successful discrimination 
(S c h u l l e r  et al., 2004). One of them is karyotype analysis that is based on 
the chromosome separation by pulsed field electrophoresis (PFGE) and types 
the yeast strains with regard to the variability in their chromosomal length 
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(C a r l e  and O l s o n , 1984). It was already successfully used for monitoring 
the succession of yeast strains during wine fermentations (Ve z i n h e t  et al., 
1990; S c h u t z  and G a f n e r , 1993; B r i o n e  et al., 1996; R a s p o r  et al., 
2002) and is considered as very useful but complex, laborious and time-con-
suming for the analysis of large number of isolates. 

Therefore, in the present work, we examined the influence of one older 
(iprodione) and two newer fungicides (pyrimethanil, fludioxonil plus cyprod-
inil) against B. cinerea on the population of S. cerevisiae strains in the spon-
taneous alcoholic fermentation determined by karyotype analysis.

MATERIAL AND METHODS

Grapevine variety, fungicide application and harvest

The experiment was set in the vineyard of the white grapevine variety 
Rebula (Vitis vinifera L.) in the Goriska Brda winegrowing region. Application 
of different fungicides against Botrytis cinerea Pers. was the only factor of the 
experiment with four levels: control, where the grapes were not sprayed against 
the gray mould, iprodione, where the grapes were sprayed two times with 
iprodione (0.765 kg a.i./ha), pyrimethanil, in which fenhexamid (0.750 kg a.i./ha) 
was used at the first and pyrimethanil (0.750 kg a.i./ha) at the second spraying 
date and fludioxonil plus cyprodinil, where the fludioxonil (0.200 kg a.i./ha) 
in a combination with cyprodinil (0.300 kg a.i./ha) was applied two times. In 
the 2002-growing season mentioned combinations of fungicides were applied 
at the closure of grape berries (1st July) and at the beginning of grape ripening 
(13th August), taking into account the safety intervals for each fungicide. The 
vines were sprayed using a knapsack sprayer (SOLO Port Type 423, VA, USA). 
The water quantity used was 3.0 L per fungicide application. At the harvest 
(18th September) only healthy and undamaged grapes of each level of the ex-
perimental factor were carefully picked in new, steam-washed boxes.

FUNGICIDES DETERMINATION

Gas chromatography combined with mass spectrometry (GC/MS) was 
applied to determine the fungicide residues in the grapes (C a b r a s , A n -
g i o n i  and G a r a u , 1997a; F i l l i o n , S a u v e  and S e l w y n , 2000). At 
the harvest approximately 2.0 kg of grapes per level was picked. The extrac-
tion of fungicide residue was done from 20.0 g of the homogenized grape 
sample with solvents as follows: acetone-petroleum ether-dichloromethane 
(1:2:2, v/v/v). Organic layer was filtered in the Soxhlet Glassware and evapo-
rated under the nitrogen stream. The residue was dissolved in cyclohexane-
ethylacetate (50+50 v/v), filtered (Minisart SRPSRP 15 – 0.2 µm, Sartorius), 
and cleaned with the AutoPrep® 1000 Automated GPC Cleanup System (O.I. 
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Corporation). The eluate was evaporated under the nitrogen stream and the 
residue was dissolved in acetone (T h i e r  and Z e u m e r , 1992a; T h i e r  and 
Z e u m e r , 1992b; M a k o v i  and M c M a h o n , 1999).

The GC/MS system was GC HP-6890 (Hewlett-Packard) combined with 
GCMS 5973 (Hewlett-Packard). The column used was HP-5MS (30 m x 0.25 
mm id; Agilent Technologies J&W) and helium was the carrier gas at 1.2 ml/
min. Calibration was done with the matrix match standards (F i l l i o n  et al., 
2000).

Must handling and fermentation

The grapes of each level of the experimental factor were crushed asepti-
cally and separately. To prevent any microbial contamination by cellar equip-
ment the mashes were not pressed but only free-run must was poured into 
aseptic stainless steel tank for each level and left to settle down for 12 hours 
at 14oC. In order to preserve the indigenous yeast population, the must were 
not treated with SO2. The initial sugar concentrations in the musts were 178.6 
g/l (control), 178.2 g/l (iprodione), 177.4 g/l (pyrimethanil) and 186.2 g/l (flu-
dioxonil plus cyprodinil) and pHs of the musts were 3.16 (control), 3.14 (ipro-
dione), 3.08 (pyrimethanil) and 3.14 (fludioxonil plus cyprodinil). After the 
must settling, an equal volume of the sediment was drawn off from each tank 
and the remaining must were then stirred and aliquots of 4 L were drawn into 
three 5 L vessels for each level of the experiment. That time point represented 
the beginning of the fermentations. The karyotype analysis was performed 
only in the one fermentor out of three per level of the experimental factor. The 
control over the fermentation temperature was achieved by keeping the room 
temperature where the fermentations took place between 18oC and 19oC. Due 
to the slow processes, the fermentation was considered as completed when 
less than 6.0 g of sugar per L of must was detected. The produced wines were 
not sensory evaluated.

Chemical analyses of fermenting must

The fermentation processes were characterized by our following the 
changes in sugar and ethanol concentrations determined by HPLC. The sepa-
ration was achieved on Aminex® HPX-87H Ion Exclusion column (Bio-Rad, 
Hercules, CA, USA). A mobile phase used was 0.005 M H2SO4. Detection of 
analyzed compounds was based on the refractive index.

Sampling and morphotyping

For the microbiological and chemical analyses the must samples were taken 
simultaneously according to the fermentation kinetics. The samples for the chem-
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ical analysis were filtered through the Chromafil® filters (Macherey-Nagel, 
Düren, Germany) with pore diameters of 0.45 μm and 0.20 μm. The samples 
for the microbiological analysis were plated on the yeast extract-malt extract 
agar (YM; 0.3% yeast extract, 0.3% sugar extract, 0.5% peptone, 1.0% glu-
cose, 2.0% agar). After the incubation at 28oC for three days the yeast colonies 
were counted and classified into the morphological groups. The isolates for 
karyotype analysis were sampled from one fermentor per level with regard to 
the fermentation kinetics. Sampling was done in three main phases of Sac-
charomyces cerevisiae appearance: when S. cerevisiae started to replace the 
non-Saccharomyces yeasts, at the end of the fermentation (for the pyrimethanil 
fermentation six days before) and in between the previously mentioned time 
points. 

Karyotype analysis

The chromosomal DNA of S. cerevisiae strains was prepared according 
to the procedure published by Carle et al. (1984) as modified by (R a s p o r  et 
al., 2001). The yeast chromosomes were separated in 1% agarose gels in 0.5 x 
TBE buffer chilled at 12оC in CHEF-DRIII electrophoresis apparatus (Bio-
Rad, Hercules, Calf., USA) at 170 V for 15 h with 60 s pulse time, 8 h with 90 
s pulse time, and 1 h with 100 s pulse time. The agarose gels were stained 
with ethidium bromide (0.5 μg/mL) and subsequently documented by Gel Doc 
2000 (BIO-RAD system, Hercules, USA). The karyotypes were normalized 
to the chromosome size marker S. cerevisiae, YPH 755 (Roche Diagnostics, 
Mannheim, Germany) using BioNumerics ver. 4.0-computer program (Ap-
plied Math, Kortrijk, Belgium). The processed karyotypes sharing chromo-
somal fragments of similar lengths were grouped manually.

RESULTS

Fungicide residues

The results of fungicide residues in the grapes are shown in the Tab. 1. 
Their residues were below the maximum residue limits (MRL) in the grapes 
and the values reached between 20-25% of the MRLs for iprodione, pyrimeth-
anil and fludioxonil and 36.5% of MRL for cyprodinil.

Kinetics of the spontaneous alcoholic fermentations 
and the populations of wine yeast 

Spontaneous alcoholic fermentations for each level of the experimental 
factor were carried out in three replicates. The duration and kinetics of the 
fermentation did not differ between the replicates in the control (36 days), 
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iprodione (36 days) and fludioxonil plus cyprodinil (50 days) fermentations, 
while in the pyrimethanil the process finished after 68 days in two fermentors 
and after 137 days in the third one. Saccharomyces cerevisiae was earliest 
(day 5) detected in the must of control (4.3%) and fludioxonil plus cyprodinil 
(3.8%), followed by iprodione (day 6 [0.1%]) and pyrimethanil (day 12 [59.3 
%]). At the first shown time for the all fermentations that mostly coincided 
with the shift to higher consumption rate of sugars and production of ethanol 
(Figs. 1-4), they particularly differed in the shares of S. cerevisiae compared 
to the non-Saccharomyces yeast species (the highest share of in the control 
[64.4 %] and the lowest share in the iprodione [13.4%] fermentation). In the 
next two sampling times, in the middle and at the end of the processes the 
fermentations mainly differed in the replacement (control, pyrimethanil and 
fludioxonil) or not (iprodione) of S. cerevisiae by D. bruxellensis (unpublished 
results).

Karyotype analysis

Karyotype analysis was done for S. cerevisiae strains isolated from one 
fermentor out of three per level of the experimental factor. The total number 
of analyzed strains was 473, where 114 of them were isolated from the control, 
116 from the iprodione, 127 from the pyrimethanil and 116 from the fludiox-
onil plus cyprodinil fermentations. Our goal was to determine the population 
of strains in three phases of the spontaneous process as described in the mate-
rial and methods. At those sampling times we isolated 30-40 randomly picked 
colonies of S. cerevisiae. The only exceptions, when the lower number of iso-
lates per sampling time was obtained, were the eighth day in the iprodione 
fermentation (nine isolates) (Fig. 2) and 12th day in the pyrimethanil fermenta-
tion (29 isolates) (Fig. 3). 

The analyzed strains were classified into 15 karyotype groups (A, B, C, 
D, F, G, P, H, I, M, O, R, T, U and V) with regard to their chromosomal pat-
tern normalized to the chromosome size marker S. cerevisiae (Tab. 3). The 
karyotypes, which were characteristic for one or two strains were unclassified 
and are designated by letter X. The most numerous karyotype groups were A 
(127 isolates), D (58 isolates), C (44 isolates), R (41 isolates) and B (34 isolates) 
while within the other groups 23 (M), 18 (G) and 17 (H in T) isolates were 
classified. Between three and 10 isolates per karyotype were isolated in the 
groups F, P, I, O, U and V. The 59 strains were unclassified. 

Population dynamics of yeast strains

Population dynamics of the S. cerevisiae strains in the four spontaneous 
alcoholic fermentations are shown in the Figs. 1-4. The results showed that the 
fermentations differed in the percentage and frequency of occurrence of par-
ticular karyotype and consequently also in the prevailing karyotype during 
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the process. The isolates for karyotype analysis were first sampled when S. 
cerevisiae started to replace the non-Saccharomyces yeasts in the must and 
the growth curves shifted from stationary to decline phase, then in the middle 
of the decline phase and the last sampling was done at the end of the fermen-
tations except for the pyrimethanil where the sufficient number of strains was 
lastly isolated at day 62 instead at the end of the fermentation (day 68). 

Karyotype A prevailed in the must of control fermentation and it was 
isolated in all sampling times shown in the Fig. 1. Its share was 54.1% at day 8, 
34.4% at day 18 and 46.9% at day 36 of the fermentation. Other karyotypes 
with higher percentages in the population were C, F and R. Eight different 
karyotypes were detected at day 8 (A, B, C, F, G, H, M, R), nine at day 18 (A, 
B, C, D, F, G, H, M, R) and five at 36th day of the fermentation (A, C, D, H, R). 

Karyotype A also prevailed in the must of iprodione fermentation and it 
was isolated at all sampling times with the exception of days 16, 18, and 28 of 
the process (Fig. 2). Its share was 33.3% at day 8, 60.0% at day 20, and 45.0% 
at day 36 of the fermentation. Other karyotypes with higher shares in the 
population were karyotypes C, G, M and R. Five different karyotypes were 
detected at day 8 (A, G, H, R, U), seven at day 20 (A, B, C, D, G, U, V), and 
five at day 36 of the fermentation (A, C, G, M, R). 

None of the strains predominated in the must of pyrimethanil fermenta-
tion and the different prevailing strains were determined in the three main 
sampling times (Fig. 3). At day 12, 29 isolates were analyzed and classified in 
eight different groups. The highest shares had karyotypes R and A (each 
20.7%) followed by karyotype C (17.2%). Ten different karyotypes were deter-
mined in the must at day 28 of the fermentation when karyotype C (37.5%) 
prevailed in the must, followed by karyotypes R (12.5%) and A (10.0%). The 
strain population was most heterogeneous at day 62 of the process when 11 
different karyotypes were isolated. At the day 62 of the fermentation, the highest 
shares in the strain population belong to the groups M (20.0%) and P (15.0%).

Karyotype D obviously dominated in the must of fludioxonil plus cy-
prodinil fermentation (Fig. 4). It was isolated in all sampling times. Its share 
was 90.6% (day 12), 20.0% (day 22) and 27.8% (day 50). Other karyotypes 
with higher shares in the population were karyotypes B, T and R. Four differ-
ent karyotypes were detected at day 12 (B, D, T, U), eight at day 22 (A, B, C, 
D, I, M, R, T, and five at day 50 of the fermentation (B, D, I, R, T). 

DISCUSSION

Many factors influence the occurrence and growth of yeasts during alco-
holic fermentation and fungicide residues are also consider as one (F l e e t , 
2003). The results of studies for fungicides against Botrytis cinerea such as 
iprodione, pyrimethanil and cyprodinil plus fludioxonil showed that they do 
not inhibit the growth of wine yeasts on solid media or in inoculated alco-
holic fermentations in the concentrations normally found in must (S a p i s -
D o m e r c q , 1980; C a b r a s  et al., 1999). In contrast, there are few results 
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of influence of some fungicides on the spontaneous alcoholic fermentation 
(V i v i a n i - N a u e r  et al., 1997, Č u š  and R a s p o r , 2008) or natural flora 
on grapes of cultivars resistant to fungi (V i v i a n i - N a u e r  et al., 1995, 
C a d e z  et al., 2010). Therefore in the present work we studied the influence 
of three different fungicides against B. cinerea on the indigenous population 
of Saccharomyces cerevisiae strains during the spontaneous alcoholic fer-
mentation.

Regarding to the use of fungicides in the vineyard we also determined 
their residues in the grapes at the harvest. The main reasons that the amounts 
of the residues were bellow the maximal residue limits are considering of ap-
propriate fungicide concentrations at the application and also considering of 
safety intervals, which have to run out from the last application and harvest. 
Other authors reported too, that in such conditions there are no exceed of 
MRLs in the grapes/must/wine chain (L e m p e r l e  et al., 1982; F a r r i s  et 
al., 1992; C a b r a s  et al., 1997b). As the concentrations of the fungicides in 
the must were not measured we may propose that they reached approximately 
50-60 % of iprodione (L e m p e r l e  et al., 1982; F a r r i s  et al., 1992; G a r -
c i a - C a z o r l a  and X i r a u - Va y r e d a , 1994), 90-95 % of pyrimethanil, 
45-50 % of fludioxonil and 30-40 % of cyprodinil determined in the grapes 
(C a b r a s  et al., 1997b; F l o r i , F r a b b o n i  and C e s a r i , 2000).

The karyotype analysis is very useful and accurate method for typing the 
strains of S. cerevisiae (Ve z i n h e t  et al., 1990; S c h u l l e r  et al., 2004). In 
spite of its complex and time consuming methodology we were able to follow 
four spontaneous fermentations of Rebula grape must (control, iprodione, py-
rimethanil and fludioxonil plus cyprodinil) and determined the karyotypes of 
473 strains in three different phases of each process. In the three out of four 
fermentations (control, iprodione and fludioxonil plus cyprodinil), at least one 
karyotype prevailed in the must throughout the processes regardless of their 
lengthy. The most heterogeneous population was found in the must of py-
rimethanil although also here few karyotype groups (A, C, R and M) were 
isolated in all three main sampling times, but the prevailing strain was differ-
ent in each phase of the process.

Dissimilar concentrations of yeast cells, composition of yeast species and 
strains of S. cerevisiae in the musts caused different kinetics and duration of 
the fermentations (Figs. 1-4). Longer persistence of Hanseniaspora uvarum 
and lower concentration of yeasts cells in the must of pyrimethanil and higher 
shares of Candida stellata in the early stages of the fludioxonil plus cyprod-
inil fermentation together with likely weaker fermentation capacity of the 
strains isolated in both processes most likely caused their prolongation. To the 
some extent early isolation of D. bruxellensis in the must of pyrimethanil 
might also inferred with the population of S. cerevisiae strains. Weaker fer-
mentation rate of pyrimethanil process resulted in the highest number of iso-
lated strains and their most evident succession throughout the process. It is 
interesting that the control and iprodione fermentations lasted the same (36 
days) had the identical prevailing karyotype (A) and very similar karyotypes 
populations (groups C and R). Probably some selection has occurred in the 
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population of the yeast strains in the grapes due to activity of iprodione. This 
had been predicted because strains of B. cinerea resistant to the group of di-
carboximides to which iprodione belongs were already isolated (L e r o u x  et 
al., 2002). Although this statement is has not been directly confirmed, it is 
also supported by the reproducibility of the fermentation kinetics in the all 
three replicates of the control and iprodione fermentations. Furthermore three 
replicates of fludioxonil plus cyprodinil and two of pyrimethanil fermentation 
also lasted the same and significantly longer than control and iprodione one. 
The similarity of the S. cerevisiae population dynamics in the control and 
iprodione fermentations may therefore be a result of very comparable starting 
yeasts composition that determined its further development as was already 
observed by others (F l e e t  and H e a r d , 2002; S c h u l l e r , A l v e s , D e -
q u i n  and C a s a l , 2005). 

CONCLUSIONS

The results of our experiment with four spontaneous alcoholic fermenta-
tions showed that fungicide residues although they were detected below the 
permitted levels in the grapes, play an important role in the selection of Sac-
charomyces cerevisiae strains during the process. Consequently, the application 
of fungicides against B. cinerea in the vineyard determined the prevailing 
strain and the population of karyotypes in the must. Fludioxonil plus cyprod-
inil and especially pyrimethanil retarded the course of spontaneous fermenta-
tion in comparison to the iprodione, which are fairly longer on the market. We 
predicted that some selection of S. cerevisiae strains in the grapes or must 
might have occurred with regard to the use of fungicides during the season. It 
should also be stressed that despite the long duration of the spontaneous alco-
holic fermentations it was found very suitable for the study of intrinsic factors 
such as fungicide residues in the must on the selection of the yeast strains. 
Namely, in such fermentation interactions between microorganisms are more 
obvious and number of yeasts cells per ml is lower and therefore the influence 
of different factors is easier to follow. However, some further study of inves-
tigated fungicides on the growth of isolated strains is needed, although the 
conditions of spontaneous fermentation are difficult to reproduce in both 
chemical and microbiological sense.
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Tab. 1 – Maximum residue limits (MRL) and amounts of fungicide residues in the grapes of 
Rebula (*ND – not detected).
Level of the experimental 
factor

Determined 
fungicide 

MRL of fungicide 
(mg/kg)

Fungicide residue 
(mg/kg))

CONTROL

Iprodione 10.00 ND*
Pyrimethanil 5.00 ND
Fludioxonil 2.00 ND
Cyprodinil 2.00 ND

IPRODIONE

Iprodione 10.00 2.60
Pyrimethanil 5.00 ND
Fludioxonil 2.00 ND
Cyprodinil 2.00 ND

PYRIMETHANIL

Iprodione 10.00 ND
Pyrimethanil 5.00 1.18
Fludioxonil 2.00 ND
Cyprodinil 2.00 ND

FLUDIOXONIL + 
CYPRODINIL

Iprodione 10.00 ND
Pyrimethanil 5.00 ND
Fludioxonil 2.00 0.43
Cyprodinil 2.00 0.73

Tab. 2 – Karyotype groups isolated from four spontaneous alcoholic fermentations

Group A B C D F G P H

Karyotype 
with chro-
mosome 
lengths 
(kbp)

2070
1480
1090

930

800
780
750

690

600

430

340

270
250

2200
1570
1230

1050
950

850
800
780

710

630

470

370
290
270

2190

1100

960

810
780
760

700

610

440

350
280
260

2200

1210

1060
990

840
790
770

720

630

470

340
300

250

2100

1120

1020
990

880
840
800

740

650

490

390

310
280

2200
1521
1120

970

800

790
750

690

580

440
300
260

2200

1230

1030

880
850
790

730

630

480

360

290

2070
1440
1120

980

830
790
740

270
340

460

610

710

Number of 
isolated 
strains

127 34 44 58 9 18 8 17
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Group I M O R T U V

Karyotype 
with chro-
mosomes 
length

2200
1600
1270
1070
1040
990

850
800
780

720

630

470

350
300
260

2060

1100

990

850

780

730

630

470

360
290
270

2000
1200

1040

870

290

360

480

640

750

790

2200
1400
1100

990

810
790
760

690

600

440

340
280
240

2030

1100
1000
930
910

800
770
760

690

580

420

310
270
230

2070

1340

1000

810
760

710

640
600

460

340
270
260

2130
1530
1090

970
940

790

740
700

570

430

310
250
230

Number of 
isolated 
strains

3 23 4 41 17 6 5
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Fig. 1 – Yeasts growth (-■-), sugars utilization (-○-), ethanol production (-∆-) and frequency 
of occurrence of different S. cerevisiae strains in the control fermentation
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Fig. 2 – Yeasts growth (-■-), sugars utilization (-○-), ethanol production (-∆-) and frequency 
of occurrence of different S. cerevisiae strains in the iprodione fermentation
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Fig. 3 – Yeasts growth (-■-), sugars utilization (-○-), ethanol production (-∆-) and frequency 
of occurrence of different S. cerevisiae strains in the pyrimethanil fermentation
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Fig. 4 – Yeasts growth (-■-), sugars utilization (-○-), ethanol production (-∆-) and frequency of 
occurrence of different S. cerevisiae strains in the fludioxonil plus cyprodinil fermentation
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ОСТАЦИ ФУНГИЦИДА У ГРОЖЂУ ОДРЕЂУЈУ ДИНАМИКУ 
СОЈЕВА SACCHAROMYCES CEREVISIAE У ТОКУ СПОНТАНЕ 

ФЕРМЕНТАЦИЈЕ ВИНА

Франц Чуш1, 2, Нежа Ј. Чадеж2, Петер И. Распор2

2 Универзитет у Љубљани, Биотехнички факултет, 
Департмент за технологију хране, Катедра за биотехнологију

Резиме

Проучавали смо утицај три фунгицида на Botrytis cinerea (ипродион, пири-
метанил и флудиоксонил плус ципродинил) на популацију сојева Saccharomyces 
cerevisiae у току спонтаног алкохолног врења. С обзиром да се фунгициди у ви-
но градима користе у две фазе раста винове лозе пратили смо четири различите 
спонтане ферментације: контрола, ипродион, пириметанил и флудоксонил плус 
цип родинил. Остаци фунгицида у грожђу су одређивани GC/MS системом а фер-
ментације су праћене према променама у квасцу, шећеру и концентрацијама ета-
нола бројањем колона и високопритисном течном хроматографијом. За ана ли зу 
кариотипова из 473 изолата користили смо гел електрофорезу у пулсном пољу. 
Остаци фунгицида у грожђу у време бербе били су испод границе максималне 
резидуалне вредности. S. cerevisiae изолати су класификовани у 15 кариотипних 
група. Трајање процеса и популације кариотипова се разликовало од фермен та-
ци је до ферментације. Ипродион и контролна ферментација су трајале 36 дана уз 
преваленцију кариотипа А док је флудиоксонил плус ципродинил ферментација 
трајала 50 дана а кариотип је био водећи у процесу. Код пириментанил фер мен-
та ције ни један од кариотипова није био преовлађујући у шири а сама фер мен-
та ција је трајала много дуже (68 дана). Добијени резултати су показали да остаци 
фун гицида утичу на кинетику ферментације и избор сојева S. cerevisiae у току 
спонтаног алкохолног врења па се из тог разлога може сматрати важним фак то-
ром који може индиректно утицати на стварање ферментационе ароме вина до-
би јеног оваквим процесом.
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XEROPHILIC MYCOPOPULATIONS OF TEAS IN BULK*

ABSTRACT: Other the water, tea is the most popular beverage in the world today. 
They are used for ages, in the beginning as refreshing drinks, and later more for their heal-
ing properties. Teas have been demonstrated to show antioxidative, anti-carcinogenic, and 
anti-microbial properties. Considering that the teas, during the production, are not treated 
with any temperature, there is high risk for contamination with different type of microor-
ganisms, especially with moulds. Moulds are ubiquitously distributed in nature and their 
spores can be found in the atmosphere even at high altitudes and under favorable conditions 
of temperature and humidity, moulds grow on many commodities including cereals, oil 
seeds, nuts, herbs and spices. Most of them are potential producers of mycotoxins which 
present a real hazard to human health.

The aim of this work was to investigate total mould count and to identify moulds 
isolated from teas in bulk, than from teas treated with hot, sterile, distilled water and from 
the tea filtrates. Tested teas were peppermint, sage, yarrow, black tea, bearberry, lemon 
balm, mixture of teas from Zlatibor. In teas in balk was observed high contamination with 
different kinds of moulds (1.84-4.55 cfu/g), such as Aspergillus awamori, A. lovaniensis, A 
niger, A. phoenicus, A. repens, A. restrictus, A. sydowii, A. versicolor, Eurotium amstelo-
dami, E. chevalieri, E. herbariorum, Penicillium chrysogenum, and Scopulariopsis brevi-
caulis. The most frequent were species from Aspergillus and Eurotium genera. Thermal 
treatment with hot, sterile, distilled water reduced the number of fungal colonies. Aspergil-
lus awamori was the most resistant and appeared in six samples of filtrates of tea, Aspergil-
lus niger in one sample and Penicillium chrysogenum in one sample.

KEY WORDS: teas, mould contamination, thermal treatment

 INTRODUCTION

Other the water, tea is the most popular beverage in the world today. 
They are used for ages, in the beginning as refreshing drinks, and later more 
for their healing properties. Tea and tea products mainly contain tea polyphe-

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 103—113, 2011
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nols, which are natural antioxidants and have been demonstrated to show anti-
oxidative, anti-carcinogenic and anti-microbial properties by many researchers 
(M c K a y  and B l u m b e r g , 2002; R i e t v e l d  and W i s e m a n , 2003).

Considering that the teas, during the production, are not treated with any 
temperature, there is high risk for contamination with different sort of micro-
organisms, especially with moulds, mostly xerophilic moulds.

Moulds are ubiquitously distributed in nature and their spores can be 
found in the atmosphere even at high altitudes, carried and disseminated by 
wind and air currents, or spread by insects, rodents, and other animals (K u n -
g u l o v s k i  et al., 2011) and under favourable conditions of temperature and 
humidity, moulds grow on many commodities including cereals, oil seeds, nuts, 
herbs, and spices (B r e r a  et al., 1998). 

Most of moulds are potential producers of mycotoxins. Mycotoxins are 
secondary extracellular metabolites of moulds. After biosynthesis, they diffuse 
from mycelium into the substrate (V i š i ć , 2007). They, as potential mutagenic, 
teratogenic, cytotoxic, and carcinogenic present a real hazard to human health. 
Mycotoxins are, also, very thermostable. Even the temperature of sterilization 
is too low to cause destruction of mycotoxin structures (Š k r i  n j a r , 1997).

Because of those reasons the aim of this work was to investigate total 
mould count and to identify moulds isolated from teas in bulk, than from teas 
treated with hot, sterile, distilled water, and from the tea filtrates.

MATERIALS AND METHODS

Mycological investigations were carried out in seven samples of tea. The 
samples were collected from health food store (6) and from the market (1). 
The names and families of each sample are presented in Table 1.

Tab. 1 – Names and families of studied teas

No. English name Latin name Family
1.
2.
3.
4.
5.
6.
7.

Peppermint
Sage
Yarrow
Black tea
Bearberry
Lemon balm
Mixture of teas from Zlatibor

Menta piperita
Salvia officinalis
Achilea millefolium
Camellia sinensis
Arctostaphylos uva ursi
Mellissa officinalis

Lamiaceae
Lamiaceae
Asteraceae
Theaceae
Ericaceae
Lamiaceae

In further investigation, the influence of thermal treatment on surviving 
of the present moulds during the preparation of beverages was investigated. 
Twenty grams of seven samples of tea were treated with 180 ml of hot sterile 
distilled water for 15 minutes. After filtration, total mould count in dry resi-
dues were determined using dilution method by Koch in duplicates, while 
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total mould count in 1ml of filtrate of teas were determined by membrane 
filter method (MFM). 

Media used for total mould count determination were: MY10-12 (maltose 
extract, 20 g/l; yeast extract, 5 g/l; NaCl, 100 g/l; glucose, 120 g/l; chloram-
phenicol, 0.05 g/l; agar, 20 g/l) and MEA (maltose extract, 20 g/l; pepton, 1g/l; 
glucose, 20 g/l; NaCl, 170 g/l; chloramphenicol, 0.05 g/l; agar, 20 g/l).

Inoculated Petri dishes were incubated for 7 (MY 10-12) and 14 days (MEA) 
at 25ºC.

Identification of isolated fungal species was done according to T h o m 
and R a p e r  (1945), K l i c h  (2002) and S a m s o n  et al. (2004).

RESULTS AND DISCUSSION

Mycological investigations of tea samples in bulk

Results for total mould count per gram of teas in bulk, expressed as log 
of cfu/g, are presented in Table 2 and in the Figure 1.

The most contaminated was a sample of mixture of teas from Zlatibor what 
is determined by applying MY10-12 medium (4.55 cfu/g), while on MEA medi-
um, for the same tea, moulds were not isolated. Black tea was the least contami-
nated on both media (1.84 cfu/g on MY10-12; 1.00 cfu/g on MEA medium).

Tab. 2 – Total mould count per g of teas in bulk [log10cfu/g] determined by using MY10-12 and 
MEA media

Sample
MY 10-12 MEA

Total mould count [log10cfu/g] Total mould count 
[log10cfu/g]

Peppermint 2.77 2.66
Sage 2.602 2.95
Yarrow 3.56 2.93
Black tea 1.84 1.00
Bearberry 2.83 1.70
Lemon balm 3.04 2.42
Mixture of teas from Zlatibor 4.55 -
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a) b)

c)

Fig. 1 – Mould contamination of teas in bulk

From studied samples a number of different moulds were isolated which 
are classified to 4 genera and 13 species as can be seen in Table 3.

Tab. 3 – Fungal species isolated from teas samples

Genus Subgenus Section Species
Aspergillus Circumdati Nigri Aspergillus awamori Nakazawa

Aspergillus niger v an Tieghem
Aspergillus phoenicus (Cda) Thom

Aspergillus Nidulantes Versicolores Aspergillus versicolor (Vuill.) Tiraboschi
Aspergillus sydowii (Bain and Sart.) Thom and 
Church

Aspergillus Aspergillus Restricti Aspergillus restricrus G. Smith
Aspergillus Aspergillus lovaniensis Biourge

Aspergillus repens DeBary
Eurotium Aspergillus Aspergillus Eurotium amstelodami (Mangin) Thom ans Church

Eurotium chevalieri (Mangin) Thom ans Church
Eurotium herbariorum (Wiggers) Link

Penicillium Penicillium chrysogenum Thom
Scopulariopsis Scopulariopsis brevicaulis (Sacc.) Bain
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Fungal species isolated from teas in bulk are presented in Table 4. The 
most frequent were species from genera Aspergillus and Eurotium. Also, 
some species from genus Penicillium were presented.

Tab. 4 – Fungal species isolated from teas in bulk

Me-
dium

Samples

Peppermint Sage Yarrow Black tea Bearberry Lemon balm Mixture of teas 
from Zlatibor

MY
10-12

Aspergillus
awamori
Aspergillus
versicolor
Eurotium
amstelodami

Aspergillus
awamori
Eurotium
amstelodami

Eurotium
amstelodami
Eurotium
chevalieri

Aspergillus
awamori

Aspergillus
awamori
Aspergillus
niger

Aspergillus
flavus Aspergillus
lovaniensis 
Aspergillus
niger 
Scopulariopsis
brevicaulis

Aspergillus
restrictus
Eurotium
amstelodami
Eurotium
herbariorum
Penicillium
chrysogenum

MEA Penicillium
chrysogenm

Aspergillus
versicolor

Penicillium
chrysogenum

Aspergillus
 repens

Aspergillus
versicolor
Eurotium
herbariorm

Aspergillus
versicolor
Aspergillus
sydowii
Eurotium
amstelodami
Eurotium
herbariorum

 The most of isolated moulds are xerophilic and minimum of water activ-
ity for their growth is presented in Table 5.

Tab. 5 – Minimum temperature and water activity for growth of different fungal species

Fungal species Temperature [ºC] aw

Aspergillus flavus
Aspergillus niger
Aspergillus versicolor
Eurotium amstelodami
Eurotium chevalieri
Eurotium herbariorum
Penicillium chrysogenum
Scopulariopsis brevicaulis

10
12
6
10
6
4
4
*

0.81
0.77
0.70
0.71
0.72
0.78
0.84
0.90

*not determined

Moulds in dry residues and in tea drinks after thermal treating

Results for total mould count per gram in dry residues after thermal treat-
ing, expressed as log of cfu/g are presented in Table 6. It is observed reduction 
of total mould count in all samples what can also be seen in the Figure 2. On 
MY10-12 medium number of colonies was ranged from 1.00 cfu/g on pep-
permint to 2.02 cfu/g on lemon balm, while on MEA medium growth didn’t 
appear in all samples.
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Tab. 6 – Total mould count in dry residues after thermal treating [log10CFU/g]

Sample
MY 10-12 MEA

Total mould count [log10CFU/g] Total mould count 
[log10CFU/g]

Peppermint 1.00 -
Sage 1.78 -
Yarrow 1.30 -
Black tea 1.60 -
Bearberry 1.81 -
Lemon balm 2.02 -
Mixture of teas from Zlatibor 1.30 -

Fig. 2 – Mould contamination of dry residues after thermal treating

Isolated fungal species from dry residues after thermal treating were from 
genera Aspergillus and Eurotium what is presented in Table 7. 

Tab. 7 – Isolated fungal species from dry residues after thermal treating

Me-
dium

Samples

Peppermint Sage Yarrow Black tea Bearberry Lemon balm
Mixture of 
teas from 
Zlatibor

MY
10-12

Eurotium
herbariorum

Eurotium 
amstelodami

Aspergillus
awamori

Aspergillus 
awamori

Aspergillus 
awamori

Aspergillus 
niger

Aspergillus 
niger
Eurotium
herbariorum

MEA - - - - - - -
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Regarding filtrates of tea, growth was observed in all samples on MY10-
12 medium, while on MEA medium there was no growth (Table 8, Figure 3). 
The least contamination was in filtrate from peppermint (0.70 cfu/g) and the 
highest in filtrate from mixture of teas from Zlatibor (1.84 cfu/g).

From all filtrates, except from lemon balm, was isolated Aspergillus 
awamori. In filtrate of lemon balm appeared Aspergillus niger and Penicil-
lium chrysogenum, what is presented in Table 9.

Tab. 8 – Total mould count in filtrate of tea obtained by membrane filter method

Sample
MY 10-12 MEA

Total mould count [log10cfu/ml] Total mould count 
[log10cfu/ml]

Peppermint 0.70 -
Sage 1.33 -
Yarrow 1.69 -
Black tea 1.43 -
Bearberry 1.23 -
Lemon balm 1.56 -
Mixture of teas from Zlatibor 1.84 -

Fig. 3 – Mould contamination of filtrate of tea obtained by membrane filter method
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Tab. 9 – Isolated fungal species from filtrate of tea obtained by membrane filter method

Medi-
um

Samples

Peppermint Sage Yarrow Black tea Bearberry Lemon balm Mixture of teas 
from Zlatibor

MY 
10-12

Aspergillus 
awamori

Aspergillus
awamori

Aspergillus 
awamori

Aspergillus
awamori

Aspergillus 
awamori

Aspergillus 
niger
Penicillium 
chrysogenum

Aspergillus 
awamori

MEA - - - - - - -

The presence of different mould genera in teas in bulk, dry residues after 
thermic treatment and in filtrates of teas can be seen in the Figure 4. 

Fig. 4 – Presence of different mould genera in teas in bulk, dry residues after 
thermic treatment and in filtrates of teas

It is obvious that Aspergillus species were present in all three cases. Eu-
rotium species was not present only in tea filtrates, Penicillium species were 
present in teas in bulk and in tea filtrates and Scopulariopsis brevicaulis was 
present only in teas in bulk.

All of isolated fungal species, according to different allegations, are po-
tential producers of mycotoxins. In the Table 10 can be seen some of isolated 
moulds whose are potential producers of toxins.
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Tab. 10 – Some of isolated moulds whose are potential producers of toxins

Moulds Toxins
Eurotium amstelodami
Eurotium herbariorum
Eurotium shevalieri
Aspergillus flsvus
Aspergillus niger
Aspergillus sydowii
Aspergillus versicolor
Penicillium chrysogenum

Sterigmatocystin (traces)
Sterigmatocystin (traces)
Emodin, gliotoxin, physicon, xanthocillin 
Aflatoxins, aflatrem, aflavinin, aspergillic acids
Maltformins, nigragilin
Nidulotoxin, sterigmatocystin, griseofulvin
Nidulotoxin, sterigmatocystin
Roquefortine C, PR-toxin, xantocillin, penicillin

All of this species are widely distributed (K l i c h , 2002).
Eurotium species are world-wide but predominantly in tropical and sub-

tropical areas and they were reported from dried food products, spices, peas, 
milled rice, nuts (D o m s c h  et al., 1980).

 Aspergillus flsvus is the most widely reported food-borne fungus and 
from many other substrates in indoor and outdoor environments (S a m s o n 
et al., 2001).

Aspergillus niger has been reported from soils, plant litter, dried fruits, 
nuts and indoor environments (P i t t  and H o c k i n g , 1997).

Habitat of Aspergillus sydowii is primary soil, but it has been reported 
from many other substrates in indoor and outdoor environments. A. sydowii is 
much less present in food than Aspergillus versicolor which occurs especially 
in spices, dried cereals and nuts, and is common in indoor environments 
(D o m s c h  et al., 1980).

Penicillium chrysogenum has been reported from indoor environments, 
deserts, dried foods, cheese, salterns (S a m s o n  and F r i s v a d , 2004).

CONCLUSIONS

Different kinds of moulds were isolated from all samples of tea. Total 
mould count was the highest in teas in bulk (1.84-4.55 log10cfu/g). The most 
frequent moulds were species from Aspergillus and Eurotium genera.

After treatment with hot, sterile, distilled water total mould counts in all 
samples were reduced (in dry residues after thermal treating number of colonies 
was in range from 1.00 cfu/g to 2.02 cfu/g and in tea filtrates from 0.70 cfu/g 
to 1.84 cfu/g).

Aspergillus awamori was the most resistant and appeared in six samples of 
filtrates of tea, Aspergillus niger in one sample and Penicillium chrysogenum 
in one sample.
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КСЕРОФИЛНЕ МИКОПОПУЛАЦИЈЕ ЧАЈЕВА У РИНФУЗИ
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Булевар цара Лазара 1, Нови Сад, Србија

2 ЕКОЛАБ д.о.о., Јована Цвијића 45, Нови Сад, Србија

Резиме

После воде, данас је чај најпопуларније пиће на свету. Конзумира се већ 
дуги низ година, у почетку више као освежавајуће пиће, а у последње време више 
због својих лековитих својстава. Показало се да чајеви поседују антиоксидативне, 
антиканцерогене и антимикробне особине. Имајући у виду да чајеви током про-
из водње не пролазе кроз технолошке операције које подразумевају дејство ви со-
ких температура, постоји велика могућност контаминације различитим врстама 
микроорганизама, посебно плеснима. Плесни су широко распрострањене у при-
роди, а њихове споре се могу наћи у атмосфери чак и на веома великим висина-
ма. Под повољним условима температуре и влажности, плесни расту на многим 
намирницама, као што су житарице, уљарице, језгровито воће, лековито биље и 
зачини. Многе врсте плесни су потенцијални произвођачи микотоксина, што 
представља велик ризик по људско здравље.

Циљ овог рада је био да се испита укупан број плесни и да се идентификују 
пле сни изоловане из чајева у ринфузи, из чајева третираних врелом, стерилном 
де стилованом водом и из филтрата. Испитивани су чајеви: нана, жалфија, хајдуч-
ка трава, црни чај, увин чај, матичњак и мешавина чаја са Златибора. У чајевима 
у ринфузи је установљена висока контаминација различитим врстама плесни 
(1,84-4,55 цфу/г), као што су Aspergillus awamori, A. lovaniensin, A. niger, A. phoe-
nicus, A. repens, A. restrictus, A. sydowii, A. versicolor, Eurotium amstelodami, E. 
chevalieri, E. hermariorum, Penicillium chrysogenum и Scopulariopsus brevucaulus. 
Најфреквентније су биле врсте родова Aspergillus и Eurotium. Термички третман 
врелом стерилном дестилованом водом је редуковао број плесни. Aspergillus 
awamori је био најотпорнија врста и појавио се у шест узорака филтрата чаја, 
Apergillus niger у једном и Penicillium chrysogenum такође у једном узорку фил-
трата.
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AIR MYCOPOPULATIONS IN PETROVSKÁ KLOBÁSA 
PRODUCING FACILITY*

ABSTRACT: Different types of filamentous fungi periodically cause problems in 
small-scale facilities for traditional dry fermented sausages, such as Petrovská klobása 
from Vojvodina province (Serbia). Mould contamination can be observed during process-
ing, ripening, and storage. Sausages may become spoiled due to visible mould colonies on 
the surface and off-flavours they produce. The most important – if mycotoxin production 
occurs it might promote a number of health disorders. Knowledge and control of filamen-
tous fungi are, therefore, essential to produce sausages that satisfy the criteria of hygienic 
quality, sensorial characteristics, and food safety. The aim of this study was to survey my-
coflora of a small-scale facility producing traditional dry fermented sausage – Petrovská 
klobása. The mould contamination of the air in processing unit and ripening chambers was 
investigated, in order to determine the important fungi in terms of spoilage of the products 
and ability to produce mycotoxins.

The mould contamination of air in processing unit and ripening chambers examined 
was in range 0.22 – 1.89 log CFU/P.d. Isolated moulds belong to 6 genera: Aspergillus (3 
species), Cladosporium (1 species), Eurotium (2 species), Fusarium (1 species), Penicillium 
(12 species) and Scopulariopsis (1 species). The most abundant were species of Penicillium 
genus, many of which are capable for mycotoxin production.

The level and diversity of fungal contamination of air varied between samples, influ-
enced by the general hygiene, the buildings, the airflow, the outdoor environments, and the 
time of year. This knowledge is crucial for the improvement of hygiene control systems in 
small-scale processing units.

KEY WORDS: mycopopulations, processing unit, air

INTRODUCTION

Traditional dry fermented sausage production has increased overall Eu-
rope since the 1980’s. The development is due mainly to the consumer’s request 
for natural and authentical products that are made in non-industrial environ-

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.
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ment, characterized by small-scale batch production with a limited degree of 
mechanization, and strongly identified with a place or region of origin (L e b -
e r t  et al., 2007). One of them is Petrovská klobása, produced in the area of 
Bački Petrovac (Vojvodina Province, Serbia), in the traditional way, without 
additives and starter cultures. Because of its specific and distinctive quality, 
Petrovská klobása has been protected with Designation of Origin (PDO) ac-
cording to Serbian legislation (P e t r o v i ć  et al., 2007).

The traditional procedure relies on indigenous microflora whose origins 
could result from the raw material used or from the environment. Each 
processing facility has a specific house flora composed of useful microorgan-
isms for the fermentation and flavour of sausages, as well as spoilage and 
pathogenic flora. Thus, the characterization of this house-flora is crucial be-
cause safety (pathogenic flora), acceptability (spoilage flora), and sensorial 
quality (technological flora) of the products depend totally on it (C h e v a l -
l i e r  et al., 2006). This study dealt with spoilage microflora, particularly 
filamentous fungi. Moulds periodically cause problems in small-scale facili-
ties for traditional dry fermented sausages production. Mould growth can be 
observed during processing, ripening, and storage and can be a quality prob-
lem. Sausages may become spoiled due to visible mould colonies on the sur-
face and the off-flavors they produce. Besides, mould growth may also repre-
sent a health risk because of the possibility of mycotoxin production by sev-
eral mould species (P a p a g i a n n i  et al., 2007, Ve s k o v i ć - M o r a č a n i n 
et al., 2009). Consumption of contaminated sausages might promote a number 
of health disorders. Knowledge and control of filamentous fungi are, there-
fore, essential to produce sausages that satisfy the criteria of hygienic quality, 
organoleptic characteristics and food safety (Š k r i n j a r  et al., 2010).

Only few studies have focused on mycobiota in the processing areas of 
meat processing plants (I s m a i l  et al., 1995; A n d e r s e n , 1995; B a t t i -
l a n i  et al., 2007). Therefore, the aim of this study was to survey the typical 
house-flora, particularly mycoflora, of a small-scale facility producing tradi-
tional dry fermented sausage – Petrovská klobása. The mould contamination 
of the air in processing unit and ripening chambers was investigated, in order 
to determine the important fungi in terms of spoilage of the products and abil-
ity to produce mycotoxins.

MATERIALS AND METHODS

The processing unit investigated in this research was located in Bački 
Petrovac (Vojvodina Province, Serbia). Sampling of the air was carried out 
during the production of Petrovská klobása in December 2009. The first sam-
pling was done in the unit where sausages were prepared and stuffed on the 
day of preparation (day 1). Produced sausages were left to ripen in chambers 
in Bački Petrovac (days 1-11), so the sampling of the air in ripening chamber 
was done on days 2, 6, and 9 of ripening. On day 11, the sausages were moved 
to Kucura for further ripening, so the sampling of the air in Kucura’s cham-
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bers was carried out on days 11, 14, 34, and 65 after sausage production. On 
day 65, sausages were moved to an industrial facility in Novi Sad to finish 
ripening process there, and the air sampling in industrial ripening chambers 
was done on days 65, 90, 120, and 217 of ripening (Table 1).

Tab. 1 – Air samples

Room Day of sampling Sign
Processing unit 1 A-1

Ripening chamber
Bački Petrovac

2 A-2
6 A-3
9 A-4

Ripening chamber
Kucura

11 A-5
14 A-6
34 A-7
65 A-8

Ripening chamber
An industrial facility in Novi Sad

65 A-9
90 A-10
120 A-11
217 A-12

Occurrence (presence/absence) of moulds and identification of species 
isolated from collected samples were then carried out. Air in the sausage 
processing rooms was examined by gravity sedimentation onto 9 cm Petri 
dishes containing 15 ml of Sabouraud-maltose agar with 2% of chloramphen-
icol, for 20 minutes, at five different locations. After 7 days incubation at 
25оC, the Petri dishes were inspected and the colonies were sub-cultured onto 
agar plates according to S a m s o n  et al. (2004), as follows: Penicillium and 
Aspergillus species were plated onto Czapek agar (CzA), Fusarium species 
onto potato dextrose agar (PDA) and others onto Sabouraud-maltose agar 
(SMA). Agar plates were incubated for 7 days at 25оC. The isolates were then 
identified by their morphological characteristics, following the methods of 
E l l i s  (1971), N e l s o n  et al. (1983), S a m s o n  and F r i s v a d  (2004) and 
S a m s o n  et al. (2004). 

RESULTS AND DISCUSSION

Results for total mould counts per Petri dish, isolated from air in Petro-
vská klobása processing unit and ripening chambers, expressed as logCFU/
Petri dish, are presented in Table 2. 
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Tab. 2 – Total mould counts per Petri dish (TMC/P.d.), isolated from air in Petrovská klobása 
processing unit and ripening chambers, (log CFU/P.d)

Sample Room Day of sampling TMC/P.d.
A-1 Processing unit 1 0.40 ± 0.14*

A-2
Ripening chamber 
Bački Petrovac

2 1.46 ± 0.08
A-3 6 1.31 ± 0.03
A-4 9 0.22 ± 0.2
A-5

Ripening chamber 
Kucura

11 1.68 ± 0.04
A-6 14 1.34 ± 0.06
A-7 34 1.53 ± 0.05
A-8 65 0.37 ± 0.09
A-9

Ripening chamber 
An industrial facility in Novi Sad

65 1.89 ± 0.02
A-10 90 0.94 ± 0.14
A-11 120 1.84 ± 0.04
A-12 217  0.15

* – Mean ± standard deviation from 5 measurements

The mould contamination of air in processing unit and ripening cham-
bers examined was in range 0.22 – 1.89 logCFU/P.d. Similar results were ob-
tained by S ø r e n s e n  et al. (2008) who investigated air contamination of 
some fermented sausage processing area. Their results for air contamination 
by filamentous fungi are in range 0.23 – 1.2 logCFU/P.d.

Table 3 presents the results obtained by identification of moulds isolated 
from air in processing unit and ripening chambers. Table also present the 
moiety of species in mycopopulations isolated from specific sample.

Isolated moulds belong to 6 genera and 20 species. Genera are: Aspergil-
lus, Cladosporium, Eurotium, Fusarium, Penicillium and Scopulariopsis. 
Species are: A. caespitosus Raper & Thom, A. fumigatus Fres, A. versicolor 
(Vuill.) Tiraboschi, C. oxysporum Berk. & Curt, E. chevalieri Mangin, E. her-
bariorum (Wiggers), Fusarium sporotrichioides Sherb, P. aurantiogriseum 
Dierckx, P. brevicompactum Dierckx, P. camemberti Thom, P. chrysogenum 
Thom, P. corylophilum Dierckx, P. glabrum (Wehmer) Westling, P. griseof-
ulvum Dierckx, P. janthinellum Biourge, P. neoechinulatum, P. velutinum van 
Beyma, P. olsonii Bainier & Sartory, P. solitum Westling and S. brevicaulis 
(Sacc.) Bain. The most abundant were species of Penicillium genus; all air 
samples tested were contaminated with at least one Penicillium species. It was 
followed by Aspergillus, whose species were found in 6 (50%) of tested sam-
ples, then Eurotium, that contaminated 5 (41.67%) samples, while species of 
Scopulariopsis, Fusarium and Cladosporium genera were isolated from one 
air sample each (Fig. 1).
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Tab. 3 – Mycopopulation of air in Petrovská klobása processing unit and ripening chambers 

Sample Room Day of 
sampling Species Isolated 

(%)

A-1 Processing unit 1

Aspergillus fumigatus
Penicillium chrysogenum
Scopulariopsis brevicaulis
Penicillium olsonii

50
26
14
10

A-2

Ripening chamber
Bački Petrovac

2
Penicillium aurantiogriseum
Penicillium neoechinulatum
Penicillium glabrum

69
20
11

A-3 6

Penicillium aurantiogriseum
Eurotium chevalieri
Eurotium herbariorum
Aspergillus caespitosus
Fusarium sporotrichioides
Penicillium olsonii

39
26
21
10
3
1

A-4 9 Penicillium janthinellum 100

A-5

Ripening chamber
Kucura

11 Penicillium aurantiogriseum
Penicillium chrysogenum

75
25

A-6 14
Penicillium aurantiogriseum
Penicillium chrysogenum
Penicillium velutinum

65
22
13

A-7 34

Eurotium herbariorum
Aspergillus versicolor
Penicillium griseofulvum
Aspergillus caespitosus

70
20
6
4

A-8 65

Eurotium herbariorum
Penicillium aurantiogriseum
Aspergillus versicolor
Penicillium glabrum

37
27
20
16

A-9

Ripening chamber 
An industrial facility 
in Novi Sad

65

Eurotium herbariorum
Cladosporium oxysporum
Penicillium brevicompactum
Penicillium solitum
Penicillium olsonii
Penicillium chrysogenum
Aspergillus caespitosus

23
23
18
15
13
5
3

A-10 90

Penicillium chrysogenum
Penicillium camemberti
Aspergillus versicolor
Penicillium corylophilum

43
39
16
2

A-11 120 Penicillium aurantiogriseum
Penicillium chrysogenum

58
42

A-12 217
Penicillium aurantiogriseum
Penicillium chrysogenum
Eurotium herbariorum

42
33
25
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Fig. 1 – Frequency of isolated genera in samples of air in ripening chambers

The highest number of different mould species (7), which makes 35% of 
all identified, was isolated from ripening chamber in industrial facility in 
Novi Sad, on the 65th day of ripening (A-9). From sample A-3, six different 
species were isolated (30%), while the majority of samples (A-1, A-7, A-8 and 
A-10) were contaminated with four different species (20% of all identified). 
Samples A-2, A-6 and A-12 were contaminated with three different species 
(15%), samples A-5 and A-11 with two (10%), while from the sample A-4 just 
one species was isolated (5%), Fig. 2.

Fig. 2 – Presence of different mould species in mycopopulations isolated 
from air in Petrovská klobása processing unit and ripening chambers
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Penicillium species were isolated frequently from air in the processing 
areas and ripening chambers and it was the most frequent genus found. 
Among the Penicillium isolates, 12 species were identified. The most abun-
dant were P. aurantiogriseum and P.chrysogenum, which were isolated from 
7 samples each (58.3%). They were followed by P.olsonii, which was isolated 
from three samples (25%), and P.glabrum, that was isolated from two samples 
(16.7%). All of 8 species remain were isolated from just one sample (8.3%).

Aspergillus genus was found with quite low occurrence in the air. It was 
presented with three different species. The most abundant was A. versicolor, 
isolated from three air samples (25%), followed by A. caespitosus (16.67%) and 
A. fumigatus (8.33%). Eurotium, the perfect state of the Aspergillus glaucus 
group, was found relatively frequently. Eurotium generally grows well on sub-
strates with low water activity. It was presented with two species – E. herbari-
orum was isolated from five air samples, which makes 41.67% of all tested, and 
E. chevalieri was isolated from one sample (8.33%). Genera Scopulariopsis, 
Fusarium and Cladosporium were found in one air sample each and all three 
genera were presented with one species – S. brevicaulis, F. sporotrichioides 
and C. oxysporum. 

This work surveyed the mould contamination of air in Petrovská klobása 
processing unit and ripening chambers, and contributed to knowledge of the 
mycological ecosystems of food environments. 

The level of fungal contamination of air in processing unit and ripening 
chambers varied between the individual rooms and the time of sampling, 
probably influenced by the general hygiene, the buildings, the airflow, the 
outdoor environments and the time of the year. The diversity of fungi isolated 
from air was relatively high. This probably reflects that fungal conidia are 
air-borne and are therefore easily spread. Important reservoirs can be humans, 
soil, dust, raw materials, drains, equipment surfaces, and ventilation ducts 
(S c h o l t e  et al., 2002). Many of the mould species were isolated rarely, only 
once or twice during the survey, which mean that they were most likely iso-
lated by chance and were not representatives of a consistent house biota. Fungi 
present in more than five samples during the survey were considered as present 
in significant number. In that mean, the important genera were: Penicillium, 
Aspergillus and Eurotium. 

Many Penicillium species can produce mycotoxins. At least half of the 
Penicillium species identified in this study are potentially able to produce 
toxic metabolites, according to F r i s v a d  and T h r a n e  (2002). Some spe-
cies of Aspergillus and Eurotium also produce toxic metabolites. Little is 
known about the toxigenic potential of Cladosporium species. In this study, 
the most frequent toxigenic Penicillium species were P. aurantiogriseum and 
P. chrysogenum. Important toxic metabolites known to be produced by these 
species are: ochratoxin A, citrinin, penicilic acid, roquefortine C, and other 
(S a m s o n  and F r i s v a d , 2004; M a r a s a s  et al., 1984), (Table 4).
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Tab. 4 – Production of mycotoxin by fungi isolated from air in Petrovská klobása processing 
unit and ripening chambers

Species Toxins
Eurotium chevalieri Emodin, gliotoxin, physicon, xantocillin X
Eurotium herbariorum Sterigmatocystin (traces)
Aspergillus fumigatus Fumigalclavines, fumigallin, fumigatin, fumitoxins, 

fumitremorgins, gliotoxin, spinulosin, verruculogen
Aspergillus versicolor Nidulotoxin, sterigmatocystin
Fusarium sporotrichioides Trichothecenes A, butenolide, zearalenone
Penicillium aurantiogriseum Penicilic acid, xanthomegnin, viomellein, viridicatin, ochratoxin A
Penicillium brevicompactum Brevianamides, mycophenolic acid, botryodiploidin
Penicillium camemberti Cyclopiazonic acid
Penicillium chrysogenum Roqufortine C, PR-toxin, xanthocillin X, penicillin, ochratoxin A
Penicillium glabrum Citromycetin
Penicillium griseofulvum Patulin, cyclopiazonic acid, roqufortine C, griseofulvin
Penicillium solitum Viridicatin

CONCLUSION

This study targeted fungal ecosystems of food processing environments, 
which are not usually surveyed. Petrovská klobása processing unit and ripening 
chambers showed a high variability of microbial levels in their environments, 
some of them with excessive levels of toxigenic species. The different cleaning, 
disinfecting, and manufacturing practices of the small-scale processing units 
could be responsible for this variability. Also, mycobiota in the processing plants 
showed a high diversity of fungal species, mainly belonging to the genera Penicil-
lium, Aspergillus, Eurotium, etc. Many toxigenic mould species were isolated 
from the processing areas, which poses a high risk for human health. This knowl-
edge is crucial for the improvement of hygiene control systems in small-scale 
processing units, in order to provide high level of product stability and safety.
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ПЛЕСНИ У ВАЗДУХУ ПРОСТОРИЈА ЗА ПРОИЗВОДЊУ И ЗРЕЊЕ 
ПЕТРОВАЧКЕ КОБАСИЦЕ

Марија М. Шкрињар, Љиљана С. Петровић, Невена Т. Благојев, 
Владислава М. Шошо

Технолошки факултет, Универзитет у Новом Саду, 
Булевар цара Лазара 1, 21000 Нови Сад, Србија

Резиме

Различите врсте филаментозних гљива периодично изазивају проблеме у 
малим погонима за производњу традиционалних сувих ферментисаних кобаси-
ца, као што је Petrovská klobása из Војводине, Србија. До контаминације плесни-
ма може доћи током производње, зрења и складиштења. Квар кобасица се може 
манифестовати у виду раста колонија на површини или промене укуса. Оно што 
је много важније – уколико дође до продукције микотоксина, може доћи до чита-
вог низа здравствених поремећаја. Познавање и контрола филаментозних гљива 
су, стога, од великог значаја при производњи кобасица које задовољавају критери-
јуме хигијенског квалитета, сензорних карактеристика и безбедности хране. Циљ 
овог рада је био да се испита типична микофлора малог погона за производњу суве 
ферментисане кобасице Petrovská klobása. Испитана је контаминација ваздуха у 
производној јединици и коморама за зрење, у циљу детерминације гљива значај-
них са аспекта кварења производа и способности продукције микотоксина. 

Контаминација ваздуха плеснима у испитаној производној јединици и комо-
рама за зрење кретала се од 0.22 до 1.89 log CFU/P.d. Изоловане плесни сврстане 
су шест родова: Aspergillus (3 врсте), Cladosporium (1 врста), Eurotium (2 врсте), 
Fusarium (1 врста), Penicillium (12 врста) и Scopulariopsis (1 врста). Најзаступље-
није биле су врсте рода Penicillium, од којих су многе способне да продукују 
ми котоксине.

Ниво и разноврсност контаминације ваздуха варирали су између узорака, 
под утицајем опште хигијене, градње, протока ваздуха, спољашње средине и го-
дишњег доба. Ова сазнања су од великог значаја за побољшање система контроле 
хигијене у малим производним погонима.



125

UDC 582.28
DOI:10.2298/ZMSPN1121125D

D r a g u t i n  A .  Đ u k i ć 1 ,  L e k a  G .  M a n d i ć 1 ,
L i d i j a  B o ž a r i ć 2 ,  B o j a n a  D .  T r i f u n o v i ć 3 ,
M a r i j a n a  I .  P e š a k o v i ć 4

1 Faculty of Agronomy, Cara Dušana 34, 32000 Čačak, Serbia
2 Specialist Veterinary Laboratory, Podgorica, Bulevar Džordža Vašingtona bb, Montenegro 
3 City Administration of Urban Planning of the Čačak, Župana Stracimira 2, 32000, Serbia
4 Fruit Research Institute, Kralja Petra I 9, 32000 Čačak, Serbia

POTENTIALLY PATHOGENIC, PATHOGENIC, AND 
ALLERGENIC MOULDS IN THE URBAN SOILS*

ABSTRACT: The dynamics of soil mould populations that can compromise the hu-
man immune system was evaluated in experimental plots located at different distances 
(100, 300, 500, 700 and 900 m) from the main source of pollution – the Podgorica Alumi-
num Plant. Soil samples were collected in July and October 2008 from three different plot 
zones at a depth of 0-10 cm. The count of potentially pathogenic, keratinolytic and aller-
genic (melaninogenic) moulds was assessed, which can significantly contribute to both di-
agnosis and prophylaxis.

The count of medically important moulds was higher in the urban soil than in the un-
polluted (control) soil. Their count decreased with increasing distance from the main pollution 
source (PAP). Their abundance in the soil was considerably higher in autumn than in spring.

KEY WORDS: moulds, pollution, soil

INTRODUCTION

Many microscopic moulds produce biologically active substances – en-
zymes, vitamins, antibiotics and toxins. Micromycetes account for 50% of the 
total microbial biomass in some soils (M i r č n i k  1988; Z v j a g i n c e v , 1999). 
They play an important role in the mineralisation of organic substances and 
maintenance of soil fertility. Many micromycete species are toxic (B i l a i , 
1989) since they produce antibiotics and phyto- and zootoxins (B i l a i  and 
P i d o p l i č k o , 1970).

Anthropogenic activities in urban areas lead to the formation of specific 
soils that show disturbance in the cycle of biogenic elements, depletion of the 

* The paper was presented at the fourth international scientific meeting Mycology, myco-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences 
from April 20-22, 2011.

Зборник Матице српске за природне науке / Proc. Nat. Sci, Matica Srpska Novi Sad,
№ 121, 125—131, 2011
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biodiversity of saprotrophic microorganisms (composition, structure, func-
tion) and an increase in the presence of pathogenic microorganisms, moulds 
in particular (I s l a m  et al., 2004; Đ u k i ć  et al., 2009 a, b). Pathogenic 
moulds lead a saprophytic existence in the soil, but they can cause disease in 
animals and humans under certain conditions. 

Urban soils are inhabited by a few hundred moulds, which can be poten-
tially pathogenic (opportunistic), pathogenic or allergenic (L i t v i n , 1990; 
H o o g  et al., 2000; Đ u k i ć  et al., 2011), depending on the state of the immune 
system of the organism (K u r u p  and S c h m i t t , 1970; M a r f e n i n a , 
1996, 2000). As yet, very little is known about the distribution of medically 
important moulds in different soil types (M a r f e n i n a , 1996, 2000), not-
withstanding the intensification of research over the past few decades, most 
notably due to the high importance of knowledge of the geographical distribu-
tion of diseases, which specifically contributes to their timely diagnosis and 
prophylaxis (K u r u p  and S c h m i t t , 1970; H a d a y a t i  et al., 2005). 

Soil moulds of medical importance were evaluated in this study in order 
to provide disease prevention and health protection in urban populations, pri-
marily those who are exposed to polluted soil more frequently. 

MATERIAL AND METHODS

Our aim was to study potentially pathogenic, keratinolytic and allergen-
ic moulds in the urban soil; experimental plots were selected according to 
their distance (100, 300, 500, 700, 900 m) from the main source of pollution 
i.e. the Podgorica-based Aluminum Plant (PAP). The control soil was located 
outside the urban zone and was typical of the region before intensive industri-
alisation and urbanisation – 2100 m away from the PAP. Plot size was 25 m2. 
Soil samples were collected in July and October 2008 from three different plot 
zones at a depth of 0-10 cm. The count of potentially pathogenic and aller-
genic (melaninogenic) moulds was determined by inoculation of 0.5 cm3 of 
diluted soil suspension on Sabouraud dextrose agar supplemented with der-
matophytes and adequate antibiotics (cycloheximine and chlortetracycline). 
Keratinolytic moulds and related dermatophytes were determined using the 
1952 Vanbreuseghem method (C h r i s t e n s e n , 1989). 

The evaluation of the relative abundance of potentially pathogenic, al-
lergenic, and keratinolytic moulds was performed following the recommenda-
tions of H o o g  et al. (2000) and M c  G i n n i s  (2004).

RESULTS AND DISCUSSION

The soil in the urban city zone was found to contain a substantially high-
er presence of potentially pathogenic moulds of the genera Aspergillus, Pae-
cilomyces and Fusarium as compared to the control soil (Tab. 1, Graph 1), 
which was in agreement with the research conducted by M a r f e n i n a  (1996) 
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who reported a 25%–30% increase in their count in urban soils. The count of 
potentially pathogenic microfungi in the soil was higher in autumn than in 
summer. Moreover, it was observed to decrease with increasing distance from 
the main source of pollution, which was as expected, given the fact that poten-
tially pathogenic moulds easily survive in polluted ecosystems (Ž d a n o v a 
et al., 1994).

Tab. 1 – Total counts of potentially pathogenic, pathogenic, and allergenic moulds in the urban 
soils of Podgorica (in g absolutely dry soil) 

Moulds isolated
Soil plot distance from the Podgorica Aluminum Plant, m

100 300 500 700 900 Control
July Oct. July Oct. July Oct. July Oct. July Oct. July Oct.

Potentially pathogenic
Aspergillus fumigatus 12 17 12 15 7 14 8 9 2 9 1 4
Fusarium oxysporum 5 12 3 8 – 3 – 3 2 2 1 2
Paecilomyces variotii 9 11 9 10 5 7 3 3 – 1 – 1
X̄ 8.7 13.3 8.0 11.0 4.0 8 3.7 5.0 1.3 4.0 0.7 2.4
Keratinolytic
Microsporum gypseum 4 13 2 12 2 7 1 4 – 2 – 1
Trichophyton terrestre 5 15 4 13 – 11 2 6 – 2 1 2
Chrysosporium keratinophylum 1 4 – 3 1 2 – 2 – 1 – –
Ctenomyces serratus 2 3 – 2 1 1 – 1 – 1 – 1
X̄ 3.0 8.7 1.5 7.5 1.0 5.0 0.75 3.25 – 1.5 0.25 1.0
Allergenic (melaninogenic)
Alternaria alternata 17 22 17 18 13 17 6 11 – 5 – 2
Cladosporium herbarum 11 9 6 6 3 7 2 7 – 7 1 4
Trichocladium asperum spp. 6 16 6 11 2 5 2 2 2 3 – 2
X̄ 11.3 15.7 9.7 11.7 6.0 9.6 3.3 6.7 0.7 5.0 0.3 2.7

Graph 1 – The number potentially pathogenic moulds in the urban soils of Podgorica
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Keratinolytic moulds are among the most important trophic groups of 
soil micromycetes that cause degradation of keratinous substances and skin 
disease. The estimated counts of medically important moulds (Microsporium 
gypseum, Trichophyton terrestre, Chrysosporium keratinophylum, Ctenomy-
ces serratus) were found to be significantly higher in the polluted soil than in 
the control soil i.e. in October than in July, as well as to decrease with increas-
ing distance from the pollution source (Tab. 1, Graph 2). This complied with 
the results of other authors (E m o n s , 1951; D e n t o n  et al., 1961; K u r u p , 
S c h m i t t , 1970), most notably regarding the predominance of the species 
Trichophyton terrestre and Microsporium gypseum.

Graph 2 – The number keratinolytic moulds in the urban soils of Podgorica 

The urban soil was also found to contain allergenic moulds such as mel-
aninogenic Alternaria alternata, Cladosporium herbarum, and Trchocladium 
asperum. Their abundance was higher in the polluted soil than in the control 
soil i.e. in October than in July, and it decreased with increasing distance from 
the pollution source (Tab. 1, Graph 3). Similar results were obtained by 
S c h a t a  et al. (1989), Ž d a n o v a  et al. (1994), M a r f e n i n a  (1996, 2000), 
K u l ’ k o  and M a r f e n i n a  (1998) and D o m s c h  et al. (1993), who sug-
gested that the higher tolerance of melaninogenic moulds to toxic substances, 
radiation, drought, etc. results from the presence of melanin within their cell 
wall structures.
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Graph 3 – The number allergenic (melaninogenic) moulds in the urban soils of Podgorica

CONCLUSION

The results of this study suggest that the count of the test moulds was 
significantly higher in urban soils than in the control soil, in October than in 
July, as well as that it decreased with increasing distance from the pollution 
source.

In order to prevent undesirable effects on human health, control of all 
soils, urban ones in particular, should be performed on a regular basis for the 
presence of medically important moulds.
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ПОТЕНЦИЈАЛНО ПАТОГЕНЕ, ПАТОГЕНЕ И АЛЕРГЕНЕ ПЛЕСНИ 
УРБАНИХ ЗЕМЉИШТА

Драгутин А. Ђукић1, Лека Г. Мандић1, Лидија Божарић2, Бојана Д. Трифуновић3, 
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Србија
4 Институт за воћарство, Краља Петра I 9, 32000 Чачак, Србија

Резиме

Ради проучавања динамике бројности земљишних плесни, које могу ком-
промитовати имунолошки систем човека, одабране су огледне парцеле на разли-
читој удаљености (100, 300, 500, 700, 900 m) од основног извора загађења – КАП 
(Комбинат алуминијума Подгорица). Узорци земљишта су узимани у јулу и ок-
тобру 2008. године са три различита места огледних парцела на дубини 0–10 cm. 
Одређивана је бројност потенцијално патогених, кератинолизних и алергених 
(меланиногених) плесни, што може бити значајан допринос дијагностици и про-
филакси.

Бројност медицински значајних плесни знатно је већа у урбаном, него у не-
загађеном (контролном) земљишту. Њихова бројност се готово закономерно сма-
њивала са удаљеношћу од основног извора загађења (КАП), док је њихово уче шће 
у земљишту било знатно више у јесен него у пролеће.
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2.3. Рукопис оргиналног научног рада треба поделити на: Сажетак, 
Кључне речи, Увод, Материјал или Метод или Материјал и метод, Ре-
зултати или Резултати и дискусија, Дискусија, Закључак, Литература, 
Сажетак и Кључне речи на српском језику и Захвалност (уколико за то 
постоји потреба). Оргинални научни радови не смеју бити дужи од 10 
страна, укључујући литературу, табеле, легенде и слике. 

2.4. Наслов рада треба да буде информативан, али не дужи од десет 
речи. У интресу је часописа и аутора да се користе речи прикладне за 
индексирање и претраживање.

2.5. Аутори треба да доставе и текући наслов који треба да садржи 
презиме и иницијале првог аутора (ако је аутора више, преостали се оз-
начавају са “et al.”) и наслов рада у скраћеном облику, не више од пет 
речи.

2.6. За кључне речи треба користити термине или фразе које најбо ље 
описују садржај чланка за потребе индексирања и претраживања. Број 
кључних речи не може бити већи од 10. Треба их навести абецедним 
редом и одвојити зарезима.

2.7. Апстракт, на енглеском и резиме на српском, треба да предста-
вља кратак информативни приказ чланка. Апстракт у зависности од ду-
жине чланка треба да има од 100 до 250 речи. Резиме на српском језику 
може бити до 1/10 дужине чланка и треба да садржи наслов рада, имена 
аутора, средње слово и презимена, назив и место у којима су аутори за-
послени и кључне речи.

2.8. Податке о финансијској помоћи, саветима и другим врстама по-
моћи, уколико за то постоји потреба, треба навести на крају рада, под на-
словом Захвалност. У захвалници за финансијску помоћ треба навести 
назив и број пројекта, односно назив програма у оквиру којег је чланак 
настао, као и назив институције која је финансирала пројекат или про-
грам. У случају других видова помоћи треба навести име, средње слово 
и презиме, установу и седиште лица које је пружало помоћ, а ако је по-
моћ пружала установа пун назив и адресу.

3. Прегледни рад треба да садржи: Апстракт, Кључне речи, Закљу-
чак, Литературу, као и Резиме и Кључне речи на српском. Прегледни 
радови не смеју бити дужи од 12 страна, укључујући литературу, табеле, 
легенде и слике.

4. Кратко саопштење се пише по упутствима за оргиналан научни 
рад, али не сме да буде дуже од 5 страна.
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5. Литература
5.1. Литературне наводе треба сложити абецедним редом на следећи 

начин:
а. Чланци из часописа: Презиме CD, Презиме SP (2009): Назив рада. 

Име часописа (скраћени облик) 135: 122-129.
б. Поглавља у књизи: Презиме ED, Презиме AS, Презиме, IP (2011): 

Наслов цитираног дела у књизи. In: Презиме CA, Презиме IF (eds.), 
Назив књиге, Вол. 4, Издавач, Град, 224-256.

в. Књиге: Презиме VG, Презиме CS (2009): Наслов цитиране књиге. 
Издавач, Град.

г. Дисертације: Презиме VA (2009): Назив тезе. Докторска дисерта-
ција, Универзитет, Град.

д. Необјављени радови: Наводи „у штампи” треба да се односи само 
на радове прихваћене за штампу. Необјављени радови: цитирати као 
да се ради о објављеном раду осим што се уместо волумена часописа 
и броја страна наводи „у штампи”.

ђ. Радови саопштени на научним скуповима штампани у целине или 
у изводу: Презиме FR. (2011): Зборник, Назив скупа, Организатор 
скупа, Место одржавања, Држава, 24-29.

е. Електронски извори:

World Wide Web Sites and Other Electronic Sources
Author last name, Author initial. (Date of publication or revision). Title, 

In: source in Italics, Date of access, Available from: <Available URL>

Use n.d. (no date) where no publication date is available.
Where no author is available, transfer the organisation behind the website, 

or the title, to the author space.

5.2. Референце у тексту треба да укључе презиме аутора и годину 
издања. Ако има два аутора, треба навести обојицу, а у случају три или 
више аутора треба навести првог аутора и назначити “et al.,”.

5.3. Ако се наводе два или више радова истог или истих аутора, 
објављених у истој години, потребно је у тексту и списку литературе 
ставити а, б, ц, итд. иза године објављивања.

5.4. Имена часописа треба скраћивати према “Bibliographic Guide 
for Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineer-
ings Index, Inc., ).

5.5. Референце се не преводе на језик рада. Наслови цитираних до-
маћих часописа дају се у оригиналном, скраћеном облику. Ако је рефе-
ренца нпр. на српском језику на крају се стави (Sr).

6. Јединице, имена, скраћенице и формуле
6.1. Треба користити SI ознаке за јединице (SI Systeme International 

d’Un.), изузетно се могу користити и друге званично прихваћене јединице.
6.2. Називе живих организама на латинском треба писати италиком.
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6.3. При коришћењу скраћеница у тексту, пун тремин треба навести 
приликом првог спомињања, а скраћеницу додати у загради.

6.4. Хемијске структурне формуле и сложене једначине треба нацр-
тати и припремити за фотографску репродукцију.

7. Илустрације
7.1. За илустрације могу се користити црно беле фотографије и црте-

жи доброг квалитета.
7.2. Свака илустрација треба да има текст (легенду) који објашњава 

садржај прилога. (испод слике).

8. Табеле
8.1. Табеле треба куцати на одвојеним страницама и приложити их 

на крају рада.
8.2. Табеле се означавају арапским бројевима.
8.3. Свака табела треба да почне насловом који објашњава њен садр-

жај (изнад табеле).
8.4. Места табела у тексту треба означити на левој маргини.

9. Копија рада у електронској форми
9.1. После прихватања рада потребно је доставити CD са коначном 

верзијом рада. Приложити и једну копију одштампаног рада ради лакше 
техничке обраде. Рукопис треба слати на адресу: Уредништво Зборника 
Матице српске за природне науке, Матица српска, Ул. Матице српске, 
21000 Нови Сад. Рукописи се шаљу у Word формату.

9.2. Пре уласка рада у штампу ауторима се доставља рукопис за ко-
начну ревизију. Исправљање текста припремљеног за штампу треба ор-
га ни чити на штампарске грешке. Значајне промене текста ће се наплаћи-
вати. Кориговани текст треба вратити Уредништву у најкраћем могућем 
року.

9.3. Аутори добијају 10 бесплатних примерака сепарата.
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