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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 Celije 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 Blatasnica 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 (Fisher 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
(Kalwasinska and Donderski, 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 determlmng the bacterial count in aquatic environments as compared
to high-nutrient media and shorter incubation period (Ciri¢,2003;Ciri¢,
2009; Ciri¢ andPetrovié, 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 um, 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 aier et al.,
2002). Newer dyes, d631grned to distinguish live from dead cells (such as
LIVE/DEAD® Bac Light™), 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 (Boulos etal., 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 (Caron, 1983); what is more important,
the results obtained are not significantly different compared to epifluorescence
microscopy (Bowden, 1977).

The aim of this study was to examine the bacteriological status of water
in the reservoir of Celije, near the town of Krusevac, 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 Celije
and its major tributaries, the river of Blatasnica 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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Blatasnica 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 Blatasnica
inflow, just before the entrance into the reservoir Celije. The water of reservoir
Celije was sampled in all three basins. Basin Zlatari was sampled at two points
(S4 and S5); the basin Vasi¢i 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, 10 and 10, and each dilution
was inoculated in triplicates for both media. The amount of inoculum was 1 ml.
Inoculated plates were incubated at room temperature (20°C to 22°C). 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 4°C (Kepnerand Pratt, 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 um/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
ISOPORE™ (Millipore Corp.), black, with diameter of 13 mm and pore diam-
eter of 0.2 pum. As a support, the nitrocellulose filter Sartorius, white, with
diameter of 13 mm and pore diameter of 0.45 um, 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/a
T 7
where: T = total bacterial count per milliliter; N = average number of bacteria
per field; A = area of filtering field (78.54 mm?); a = area of the vision field
(0.031416 mm?); 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
(Petrovi¢ 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 accordingto Ambrazene
(1976) and based on the count of aerobic mesophilic bacteria according to
Kohl (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
Blatasnica 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).
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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 Blatasnica (20,694,445 bacteria/ml). The bacterial count
was gradually reduced over the river Rasina and the reservoir Celije 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 Compared Sources Degrees Sumof  Mean Caleulated Tabulated Tabulated Statistical
source  methodsof ~of - of squares  square  F-value F-value for F-value for o cion
quantification variation freedom =0.05 a=0.01
BM 1 1.13x10"°  1.13x10'°
PCAvs.R2A WM 58 7.83x10° 1.35x10° 1243 4.01 7.09 GS
Total 59 1.92x10"
The river BM 1 3.38x10"  3.38x10™
Blata- PCAvs.DC WM 58 2.24x10° 3.87x10° 12635 4.01 7.09 GS
$nica Total 59 2.58x10"
BM 1 3.38x10™  3.38x10™
R2Avs.DC WM 58 2.24x10° 3.86x10°  125.87 4.01 7.09 GS
Total 59 2.57x10°
BM 1 1.41x10"  1.41x10"°
PCAvs.R2A WM 58 4.38x10°  7.55x107 1181 4.01 7.09 GS
Total 59 1.85x10"
The river BM 1 5.37);101145 5.37x10i
Rasina  PCAvs.DC _ WM 58 2.23x10"° 3.84x10 169.93 4.01 7.09 GS
Total 59 2.76x10°
BM 1 5.37x10"  5.37x10™
R2Avs.DC WM 58 2.22x10° 3.83x10°  169.43 4.01 7.09 GS
Total 59 2.76x10°
BM 1 8.62x10" 8.62x10'°
PCAvs.R2A WM 564 5.24x10°  9.29x10° 34.27 3.84 6.64 GS
Total 565 9.15x10"
The BM 1 3.71x10'°  3.71x10"
reservoir PCAvs.DC WM 564 3.86x10° 6.84x10" 58.76 3.84 6.64 GS
Celije Total 565 4.09x10'°
BM 1 3.71x10'° 371x10"
R2Avs.DC WM 564 3.85x10°  6.83x10" 58.62 3.84 6.64 GS

Total 565 4.09x10"
DC — direct count; BM — between methods; WM — within methods; GS — greatly significant (p<0.01)
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Tab. 3 — Categorization of investigated waters based on the results obtained using direct and
cultivation methods

Class of water

Sampling _according to Kohl Class of water Class of water according to TBC/AMB index

according to

sites TBC/AMB TBC/AMB
PCA R2A Ambrazene (PCA) (R2A)

S1 II-111 111 dirty clean moderately polluted
S2 II II-III  very polluted clean moderately polluted
S3 II II-IIT  very polluted  clean moderately polluted
S4 II II-IIT  very polluted clean moderately polluted
S5 11 1I very polluted  clean clean
S6 11 11 clean clean moderately polluted
S7 II 11 clean clean moderately polluted
S8 11 11 clean moderately polluted ~ moderately polluted

Celije II ITI-111 glﬁﬁir;;ely 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 Celije belonged to moderately polluted waters (Table 3). Sim-
ilar results were obtained by Milo§evié (1999) (cited by Curé&ié, 2003),
when based on the total bacterial count the water of Reservoir Gro$nica (Serbla)
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, Cur&ié (2003) found that the per-
centage of heterotrophs in the total count ranged from 0.02 to 1.99% in the
reservoir of GruZa, Serbia. Comi¢ (1989) found that the percentage of het-
erotrophs ranged from 0.02 to 2.23% for the same reservoir. G a jin et al
(1991) (cited by Curéic¢, 2003) noted that the percentage of heterotrophs
in the total bacterloplankton 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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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 aecrobic 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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NCITUTUBABE BAKTEPHNOJIOILIKOI" CTATYCA INIOBPHIMHCKHX
BOJA ITPUMEHOM JAUPEKTHE U KYJITUBALIMOHUX METOZA

Cnasuna C. hupuh', Onra B. Ilerposuh?, 3opan XK. Wnuh',
boxunap H. MnnomeBnh' 3BOHKO.H) Cnacuh!'

! Vausepsuter y [pumrunu, Iomonpuspennu dpakynter, Konaonuuka 66,
38219 Jlemak, Cpouja
2 Vuusepsuter y Hosom Cany, ITpupoaHo-MaTeMaTHIKH GaKyTeT,
Tpr Hocureja O6panosuha 3, 21000 Hosu Can, CpOuja

Pe3nme

Bpoj 6akTepuja y MOBPIIMHCKUM BOJaMa OJpakaBa TPEHYTHO CTaMbe BOJA U HbH-
XOBY TPOUUHOCT, & TaKohe je ¥ IPBH napamMeTap KOju pearyje Ha aHTPOIOreHy KOHTa-
MuHaiujy. Tpaauunonanno, KBanTU(GUKanyja 6akTepuja y BogaMa ce BpIId MPUMEHOM
KYJNTHBAIIMOHNX MeToza. MehyTiM, cBe 0B METO/E JCTEKTYjy CaMo KyJITHBAOWITHE
OakTepuje; pe3yJiTaTu 3aBUCE O] yCIOBa MHKYyOaluje u 1o0Hjajy ce HAaKOH HEKOJIMKO
nana. OB HEZOCTAIH ce ITPeBa3miIa3e MPUMEHOM JTUPEKTHUX METOMA.

Y oBOM pany je npBH IyT 0AKTEPUOJIONIKO UCITUTUBAE BOJIE akyMyJaiuje he-
JIMje U leHUX MPUTOKA BPIICHO MPUMEHOM HEKE OJ1 TUPEKTHUX METO/Ia KBaHTH(HUKA-
uuje. YkynHo 343 y30pka BojJie U3 aKyMyJlaluje U lbbeHUX IPUTOKA je TIPOLECY UPaHo.

Y cBakoM y30pKy onpeljiBaH je Opoj acpoOHNX ME30(HITHUX OaKTepHja TIPHMEHOM
oJIrajuBauke METOJIE KOja je 00yXBaralia 3acejaBame y30paka Ha BUCOKOXpaHIbUBH PCA
MEMjyM M Ha HUCKOXPaHJEUBH R24 MeIUjyM, M IbMIX0Ba HHKYyOanuja 7 qaHa Ha COOHO]
Temneparypu. YKynan 6poj 6akrepuja oapehrBaH je TEXHUKOM eru(yopecLieHTHE Mu-
KPOCKOITHje HAKOH (HUITpAIHje Y30paKa MPETX0IHO 000jeHIX aKPUIHH OPAHKOM.

[TpumeHom kynTuBaMoHe MeTosie, Hajseha OpojHOCT OakTepHja ce OeNeKH y peru
bratamannm Ha R24 Menujymy (56.535 xonmonnja/ml), a HajMama y 6aceny Bogosaxsar
Ha PCA menunjymy (1.364 kononuja/ml). Ha ocHOBY pe3yintara ca R2A mojiore Bojia npu-
Ta/1a KJIACH BOJA JIOMINjeT KBAJIMTETa HEro Ha OCHOBY pesynraTa ca PCA moaore.

PesynTaru noOujeHn npuMeHOM JIUPEKTHE METOJIE KOPEInpajy ca pe3ysiTaTuMa
JOOHMjEHUM OJIrajUBAYKUM METoJlama.

3navajuo Hajpeha OpojHOCT OakTepHja 100uja ce enudIIyopeceHTHOM MUKPO-
CKOITHjOM, a HajMama Ha PCA MenujyMy. YKOIUKO TPHMEHA MUKPOCKOIIH]je HUje MO-
ryha u3 HeKuX pasyora, peajHu pe3yJITaTi GaKTEPUONOUIKOr CTAaTyCa NOBPIIMHCKAX
BOJIa MOTY C€ JIOOWTH 3acejaBarmeM y3opaka Ha R24 MenujyM y3 aJeKBaTHE yCIIOBE
WHKYyOanuje.
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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. /n 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 (Tulumoglu
S. et al., 2009). Risk factors for development of candidemia are: immunocom-
promised host, immunosuppressive therapy and neutropenia, intensive care
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units patients, central venous catheters, parenteral nutrition, and the long-term
use of broad-spectrum antibacterial drugs (Takakura 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 (Tasic S.etal., 2008).

The variability in the susceptibility of clinical isolates to antifungal drugs
emphasizes the importance of performing species identification and antifun-
gal susceptibility testing (Mitrovic S. M. etal., 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.
(Tulumoglu S. etal., 2009)

There are differences in species distribution and antifungal susceptibility
profiles and it is important to obtain such information for each geographic
area (Mueller 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 37° C for 2-5 days were transferred to blood agar and Sabouraud
Dextrose Agar and incubated 24 hours at 35°C, and next 24 hours at 25°C.

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

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 (SFC).

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 Resmtan.c ¢ types Number (%) Number of Resistance types | Number (%)
resistance of Candida - resistance . .
; of isolates of Candida spp. |of isolates
markers albicans markers
0 259 (96.28%) 0 94 (75.20%)
FCA 2 (1.6%)
1 ITR 4 (1.48%) 1 ITR 21 (16.8%)
VRC 1 (0.80%)
2 FCA, ITR 1 (0.37%) 2 FCA, ITR 1 (0.80%)
o FCA, ITR, VRC | 4 (3.20%)
3 FCA, ITR, VRC | 5(1.85%) 3 AMB, FCA. ITR | 1(0.80%)
AMB, FCA, .
4 ITR, VRC 1(0.80%)
Total number 269 (100%) | Total number 125 (100%)

21




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 Res1stan§ e types Number |Number of re- | Resistance types | Number of
resistance of Candida . . . .
; of isolates | sistance markers | of Candida spp. |isolates
markers albicans
0 6 0 18
1 1 ITR 3
2 2 FCA, ITR 2
3 3 FCA, ITR, VRC
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

AMB FCA ITR VRC

H Candida from blood samples

O Candida from fecal samples

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 (Tasic S. etal. 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
(Babic M, Hukic 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 (Safdar 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 (Florez C. et al,,
2008, Tulumoglu S.etal. 2009, Gonzales 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 (Mueller 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 (Kennedy H.F. etal., 2006).

Resistance to fluconazole in this study was found in 4.24% of all isolates
tested, very similar to 4.1% found in Spain (Florez C. etal., 2009) and less
common than 15% seen in Portugal (Costa-de-Oliviera 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 (Florez C. et al., 20009,
Tulumoglu S.) but lower than 24.7% in Lithuania (Skrodeniene E.et
al., 20006), 27.6% in Venezuela (Panizo M. M. et al., 2009) and 43.3% in
Mexico (Gonzales 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 (Tortorano A. M. et al,,
2006 and Quindos G. etal., 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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OCETJbMBOCT HA AHTUMUKOTUKE U3O0JIATA CANDIDA SPP.
N3 KPBU 1 ®ELECA ITPUKJBYUEHUX Y HOBOM CALlY V
TPOI'OJUIIBEM ITEPUOAY (2008-2010)

Jenecuh 3. 3opa, Menuh /1. [leana, Muxajnosuhi-Ykponuna M. Mupa, Jesruh Mapuja,
I'yeman I1. Bepa, PanocasibeBuh J. busbana, Munocasssesuh T. busbana

WHCcTHTyT 32 jaBHO 31paBibe Bojsoamue, Hosu Can
Rezime

Kanannemnja je 3HagajHa u cBe dermrha HO30KOMHUjaTHA HH(EKIH]ja KO Maluje-
Hata ca (akropuma pusuka. Candida BpcTa MOPEKIOM U3 HECTEPUIIHUX MOAPYUja
MOXe JIa yKaXKe Ha KapaKTePUCTHKE COjeBa KOjU Y3POKY]jy HHBa3HBHY OOJIECT.

[{nsb oBOT MCTIUTHBAaKA OHO je 1a ce YTBP/IU 0ceTIbHBOCT cojeBa Candida n3 kpBu
u Qereca n3onoBanux y Hoom Cany, y Bojoguau.

VY Toky Tporogunimer nepuojaa, ox 2008. no 2010. roquHe, NpUKyIIbeHO je 424
nzonara Candida spp., 30 nzonara u3 kpeu u 394 cojeBa MOPEKIIOM U3 y30paka ¢ereca.
OceTJpUBOCT OBHX M30JIaTa i7 Vitro Ha MeT aHTUMUKOTUKA YTBPheHo je kopuirhemem
komepuujanHor Tecta ATB FUNGUS 3 (BioMérieux).

Hajuenrha Bpcra 6una je Candida albicans (6 uzonara u3 kpsu u 269 u3 ¢derneca).
Pesucrennyja Ha jeqaH MM BHIIE aHTUMUKOTHKA Omia je peha kox Candida albicans
(3.63%) y onnocy Ha apyre non-albicans Bpcte (24.83%). Pesucrenuuja je najuemthe
Onia M3pakeHa Ha UTPAKOHA30J KoJl 00e NCITMTHBAHE TpyIie, yTBpheHa je ko 9.64%
cojeBa mopekioM u3 dereca u 20% nzonara u3 KpBu. MyaTHILIA PE3UCTEHIM]a HA TPU
WJIY BUIIE aHTUMHUKOTHKA JIOKa3aHa je KO/ IBaHACCT M30J1aTa, YIIIaBHOM Ha (IIyKO-
Ha30J1, UITPaKOHA30J U BOPHKOHA3011. PesucTennuja Ha amporepuruu b 6uina je Bpio
peTKa.

Nako je pesucrenuuja Candida spp. Ha aHTUMUKOTHKE KOJI HAaC 3acaj] peTKa 1o-
jaBa, moTpeOHO je KOHTUHYHUPAHO Mpaheme U UCTPAKNBAHE IUXOBE OCETJLUBOCTH Y
Uiy npahiera TpeH10Ba y NI0jaBU PE3UCTEHTHUX M30JIaTa, ajii U 300r n3dopa npase
eMITHPHJCKE Teparluje.
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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 uT, 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 (Kornhuber, 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. (Gandhi etal., 2001, Gauger, 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 (Car-
rubba et Marino, 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 (Cook et al., 2004).
There is evidence that neurological response to ELF EMFs influence include
changes of human and monkey response time (Homer, 1968, Gavalas et
al., 1970, Gavalas-Medici etDay-Magdaleno, 1976), changes of
EEG, GABA level and changes in calcium ion binding in cerebral tissue of cat
and chick (Bawin and Adey, 1976, Bawin etal, 1978, Bawin et al,,
1975) and also changes in expression of brain protein c-Jun in mice (Strasak
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 224+2°C 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 EMF;. 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 uT value on the side of the
cage near the coil to 50 uT 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 um 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 5%, 10", 15® 20™, 25" and 30" HE stained
section per animal using a multipurpose stereological grid M42 (Weibel 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
Sugimoto etal. (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.
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VOLUME DENSITY OF CYTOPLASM

Fig. 3 — Volume density of the basal ganglia cell cytoplasm in control animals
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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 0'0£48 0'013 4 0.000000
ratio '

0.0007 0.0006

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
EMEF. The prominent cytoplasmic vacuolization.
Hematoxylin and eosin stain, x400.




Well distinguished change in basal ganglia of the animals treated with
EMEF 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).

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) (Nittby etal., 2009, Eberhardt
et al., 2008), in connection to experimental ischemia (K6 vesdi etal., 2007),
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hypoglycemia (Gallyas et al., 2005), and epilepsy (S6denfeldt et al,
1983). Many authors suggest that the BBB leakage is the major reason for
nerve cells injury and appearance of dark neurons (Fredriksson et al,
1988 Salahuddin et al, 1998, Sokrab et al., 1988, Hassel 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 (Oldendorf et al., 1977). All this speaks in favor of an
energy-dependent transcapillary transport. Electromagnetic fields increase
permeability of BBB (Nittby etal., 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 (Salford etal., 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 (Aarts
and Tymiansky,2005). As arule, 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 (Allen and Attwell, 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 (Xiong et al, 2006). In addition,
calcium enters in mitochondria and causes additional inhibition of oxidative
phosphorylation (MacDonald etal., 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 (Baureus Koch etal, 2003; Grassi etal, 2004, Marino
et al., 2003). Also, some data from literature have described redox-related cel-
lular changes following ELF-EMF exposure (Regoli etal., 2005, Wolf et
al., 2005; Zwirska-Korczala et al, 2005). According to this theory,
ELF-EMF may interfere with chemical reactions involving free radical pro-
duction (Simk’o et Mattsson, 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 (Falone
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 Feychting etal., 2005). Results of Falone etal., (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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YTUILIAJ] EKCTPEMHO HUCKO-®PEKBEHTHOI" EJJEKTPOMAT'HETHOI'
INIOJbA HA CTPYKTYPE BA3ZAJIHUX T'AHIJIMJA MO3I'A ITALIOBA

Urop O. lNojkoruti!, Cmusbana [. [Tapanr?, Pagocias b. l'ajanun®, Mununa /1.
Marasys*, Becna K. Pajkopuh®, Fopan JI. Criacojesuh’

! Knunuka 3a oproneacky xupyprujy, Knunuuku nentap bama Jlyka, 12 6e6a 66,
78000 bama Jlyka, Pemmy6nuka Cpricka, bocHa u Xepriierosuna
2 Oneweme 3a Guonorujy (axyarera Hayka, YHuBep3uTeT y bamanynu, Mnanena
CrojanoBuha 2, 78000 bama Jlyka, Pemy0mmka Cpricka, bocra n Xepuerosnaa
* Onespeme 3a narosorujy, Knuuanuku nenrap bama Jlyka, 12 6e6a 66, 78000 Bama
Jlyxa, Pemry6nuka Cprcka, bocHa n Xeprerosuaa
* Onesmeme 3a Guonorujy u exonorujy dakynrera nayka, Yausepsuter y Hosom
Cany, Tpr Jocuteja O6panosuha 2, 21000 Hoeu Can, Cpouja
3 Onesbemse 3a aHaTOMHU]y, MeTuIMHCKH (aKyiTeT, YausepsuteT y bamanyiu, Case
Mpxkasra 14, 78000 bama Jlyka, Pemmy6muka Cpricka, bocHa u Xepiierosuna

Pe3nme

VY HamieM pagy cMO MpOydyaBajy yTHI] eKCTPEMHO HUCKO-(DPEKBEHTHOT eJIeK-
tpomaraeTHor nojba (ENF EMP-a) Ha cyOKOopTHKaIHE CTPYKTYype MO3ra, OHOCHO
0a3ajHe raHriImje, MOJIHO 3peHX NamoBa coja Bucrtap. JKuBotume cy usnarase aej-
ctBy HexomoreHor ENF EMP-a jaunne 50-500 uT, dpexsennuje 50 Hz, 7 catu qHeBHO,
S aHa ceIMUYHO TOKOM 3 Mecela. XHUCTOJIOIIKA U CTePEOSIONIKa aHATU3a je MoKa3aia
CMamEHhe BOJIYMEHCKE TYCTHHE TAaHTIINjCKUX henurja y moapyjy 0a3ajHuX raHriuja,
MOPacCT BUXOBOT HYKJICO-IIUTOIIa3MaTCKOI OJJHOCA 1 MPUCYCTBO HHTEH3UBHOT €/leMa
TIEpHIIENTyIapHOT (IEpHHEYPaTHOT) THIIA.
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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.
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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
Vozdovac, 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 20009.

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 105°C, ground, and used for laboratory analy-
ses. Mn and Fe concentrations were determined by AAS method and ex-
pressed in pg/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 (Kastori, 1997, Memon etal., 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 (Pajevi¢ etal, 2008; Nikoli¢ etal., 2008).
For some heavy metals there apply the interspecies calibration (Berlizov
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 (Ten-Houten, 1983; Prasad and Freitas, 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 -
tori andPetrovic, 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 (Tyler, 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 (Alloway, 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 Il (Kastori, 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 (Botrill
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/m of air (UNEP-UN/ECE 1994).

Some plant species are able to accumulate very high quantities of heavy
metals in leaves before all (Baker and Brooks, 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 ng/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 Karpati 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 (7ilia
tomentosa) on the location 4 appeared as hyperaccumulator of manganese
in comparison to other analyzed species.

Location 1 - Mn (pg/g)

Tillia Plantago Taraxacum  Acer | Prunus  Quercus  Pseudol. Average
tomentosqa__ nigra media |oﬂ':ccinan'e.campestre avium  petraea menziesii

O Location1-Mn | 40 16 34 | 54 67 22 552 33 102
Fig. 1

Location 2 - Mn (pg/g)

400
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100

50 |

Tilia  Pinus nigra | Plantage | Taraxacum  Acer Prunus— Ouercus Average
fomentosa media officinale | campestre  @ViuMm petraea
O Location 2 - Mn 63 20 92 124 92 51 369 116
Fig. 2
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Location 3 - Mn (pg/g)

900
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300
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100

Tilia Prunus

Acer

Pinus nigra  Plantago  Taraxacum ! Ouercus | Average
fomenfosa media officinale | camnestre | AVIUM petraea
Dlocation3-Mn 780 401 81 60 285 128 429 309
Fig. 3

Location 4 - Mn (pg/g)
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0

Tilia tomentosa Pinus nigra  Plantago media  Taraxacum Average
P

Olocation4-Mn 75 17 39 ‘59 a8

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 (Kadovi¢ etal., 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 orgamc compounds. Plants absorb iron from the soil in the form of
ferrous ions (Fe*"), ferric ions (Fe**), 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 ug/g.
Some plants are able to accumulate iron in significantly greater quantities so
that for example leaves of spinach contains up to 3000 pg Fe g 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 (Stankovi¢, 2006).

The analysis of results (Fig. 5 to 8) showed that concentrations of iron by
average values per locations ranged from 324 to 1065 pg/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: 7Taraxacum of-
ficinale 2425 png/g and Plantago lanceolata 2765 pg/g. Such results are in line
with the results of the research of heavy metals contents on Fruska 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 (Stankovi¢,
2008).

Location 1 - Fe (pg/g)
800

700 b
600 ]
500
400 <
d

300 e
200 =5 f f
100

o Ll [

Tilia Pinus  Plantage Taraxacum Acer Pr t.fmts Quercus = Pseudot. Average
fomentosa. pigra media | officinale | campestre VUM nelraea | menziesii
O Location 1 - Fe - 214 289 . 631 670 | 149 135 | 134 367 . 324
Fig. 5
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Location 2 - Fe (ug/g)

3000
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1000
500
0
Tilia Pinus Plantago  Taraxacum Acer ! Quercus | Average
tomeniosa | nigra media | officinale | campesire] " boieq
O Location 2 - Fe 1616 150 2765 2425 127 157 213 1065
Fig. 6
Location 3 - Fe (pg/g)
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Fig. 7
Location 4 - Fe (ug/g)
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O Location 4 - F tomentosa media officinale Average
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Fig. 8
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It is important also to point out to the antagonism between iron and man-
ganese 1.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 pg/g and the average values for Fe amounted to 1065 pg/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 pg/g (Fig. 8)
while the values for Mn amounted to 48 pg/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 pg/g on location 4 to 102 pg/g on location 1. The
greatest manganese concentration was found in leaves of woody plants,
namely (7illia tomentosa) 780 pg/g, and then Sessile Oak (Quercus petraea)
552 pg/g. The least concentrations of manganese from all locations, and
especially location 1, were found in European black pine (Pinus nigra)
16 ng/g.

- Average iron contents in leaves on all previously mentioned locations
ranged from 324 pg/g on location 1 to 1065 pg/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 pg/g
found in common dandelion (7Taraxacum officinale) and 2765 pg/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 pg/g and on the same location in field maple (Acer
campestre) we measured the least values of only 59 pg/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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KOHLIEHTPALIUJA MAHI'AHA N I'BOXHA V HEKM
BUIIETIOAMIITBUM APBEHACTUM U 3EJBACTHUM BPCTAMA

Jparuia M. Crankosuh', Bopusoj b. Kpctuh?, MI/Ip_]aHa T. lllujaunh Hukomnuh',
Munan H. Knexepuh'
'lymapcku dakynret, Yausepsutera y beorpany, Kuesa Bumecnasa 1, 11000 Beorpan
[Tpuponno maremarnuku paxkynret, Yauepsuteta y HoBom Cany,
Tpr A. O6panosuha 2, 21000 Hosu Can

Pesnme

Apaia xao 3aimTuheHo NpupoHO 100po moBpinrHe ox 489 ha o u3y3eTHOT je
3Hayajaca pa3IHYUTUX acleKaTa 3a CTaHOBHUKe beorpana, crora oBy mianuny Tpeoda
cadyBaTH OJf KOHTAMHHAIIHje TI0JyTAHTHMA IIPe CBeTa aHTPOIIOTeHOT yTHIaja Kao IITO
je Ha mpuMep UHTeH3uBaH caoOpahaj. HapounTo je MHTEpEeCaHTHO MPATUTH CaJIPIKA]
TEHIKUX MeTana y OujbkaMma Kao u Heke apyre nonyrtante (PAH-ose).

[{nb oBOT pajia ycMepeH je Ha yTBphuBame creneHa KoHeHTpamuje Mn u Fe 'y
nmucroBuMa 8 Bpcta Oubaka o Tora 6 apeenactux (7ilia tomentosa Mnch., Pinus nigra
Arn., Prunus avium L., Quercus petraea (Matt.) Liebl, Pseudotsuga menziesii) u n18e
sespacte (Plantago media L., Taraxacum officinale Web.).

Buspke cy y30pKoBaHE Ha TPH JIOKAJTUTETa HA ABAJH U jeJHOM JIOKAIUTETY y
nentpy beorpana. Cangpkaj TeIKuX MeTasa onpel)eH je MeTosoM aTOMCKe arcopOIno-
He criekTpodoTomerpuje (AAS).

PesynraTu ncTpakuBama 3a akyMyJIaIijy MaHTaHa Ha HCITUTHBAHOM TOJIPYdjy
yKa3yjy na je Beha KOHIIEHTpallMja MaHTaHa Ha JIOKAJIUTeTUMa Ha ABaJid, HETO Ha
JIOKAJHUTETy y HeHTpy beorpana, a To jacHo mokasyje ma nmoBehame KOHIIEHTpAIHje
MaHraHa y OusbKama HUje JUPEKTHO Be3aHO 3a caoOpahaj kao OCHOBHM M3BOp HEro
3emspumITe. Hajseha akymynanuja Manrana HaljeHa je kox Onspaka XpacTa | JIHIIE a
reokhe kox GOKBHUIIE U MaclayKa Ha CBUM JIOKAJIUTETUMA. Y OBUM UCTPAKUBAEHMA
jacHo je youJsHB 1 aHTAaroHn3am m3Mel)y reoxxha u manrana. Hajjacuuje je To BUIIBHBO
Ha JokanuteTy 4 y uentpy beorpana, rie cy nmpocedHe BpeIHOCTH 3a CBE OHIBKE KOJI
Fe nznocune 547 pg/g, 10k cy BpeHOCTH 32 Mn Ha MICTOM JIOKaJIUTETY 48 ng/g.

Temiku MeTanu y Ousbkama Ha oJIpydjy 3alTHheHor mpupoaHor 1oopa ,,ABana”
3a ca/la He TIPE/ICTaBIbajy ONAaCHOCT 38 HACTAHAK BUJbMBUX ourtehera 1yme, au no-
Ka3yjy TeHICHIUjy nmoBehama KOHIEHTpalUja, T¢ X Tpeda HHTE3UBHO MPATUTH.
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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 (21-26°C) 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 pg 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 ug 1™).

Sterile filtrates of mixed cultures and single culture of M. racemosus f. racemosus,
obtained by passing liquid cultures through the 0.45-um 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-
toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences
from April 20-22, 2011.
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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 (Shima 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 (Rodriges and
Binder, 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 Ueno et al. (1983) and Beeton and Bull
(1989) point out to a possible role of soil bacteria in the transformation of T-2
toxins. Moreover, Beeton and Bull (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 (Youn g etal.,
2007). In contrast to this, intestinal and fecal microorganisms of rats, cattle
and pigs completely biotransformed DAS to de-epoxy monoacetoxyscirpenol.
Binder etal. (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 (Scatzmayr etal., 2006).

Beside bacteria there are other types of microorganisms that are capable
of T-2 toxin biotransformation: protozoa (Kiessling et al., 1984), yeasts
(Rodriges andBinder, 2008), and mycobiota(Jesenska andSajbi-
dorova, 1991). Jesenska and Sajbidorova (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 (Bo¢arov-Stanci¢ etal, 2010). The
identification of fungal isolate was performed after Domsh 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 (Bo¢arov-
-Stanci¢ etal., 2005) and b) F. sporotrichioides Sherb. R-2301, leg. Dr. D.
Latus, Germany, the strain known as a good producer of T-2 toxin (Bo -
carov-Stancic etal., 2007). Fungal cultures were maintained on potato
dextrose agar (PDA) at 4-6°C.

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+1°C.

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, 11 — 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 1V — 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 pm, 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 + 1, F. semitectum
SL-B + 11, F. semitectum SL-B + 111, F. sporotrichioides R-2301 + 1, F. spo-
rotrichioides R-2301 + 11 and F. sporotrichioides R-2301 + I1I. 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 (21-26°C) 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 Romer et al. (1978), while thin layer chromatog-
raphy was performed after Pepeljnjak and Babi¢ (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 (E1-Sharkawy and Abbas, 1991) but primarily
due to such capacity of the selected isolate was confirmed by our previous
experiments (Bocarov-Stanci¢ etal., 2010). During the growth of M.
racemosus f. racemosus 1215/09 on the modified Vogel’s agar (Vo gel, 1956)
to which crude extracts of DAS and T-2 toxins were added (300 pg/Petri dish)
it completely biotransformed the stated fusariotoxins seven days after incuba-
tion at 27+1°C.

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

Fungus ilseosliagtr?. Days Fgl?l Toxin yield (ug 1) g&i?ofi% )
DAS T2

Mucor racemosus 1215/10 3 790 nd. (<2D) nd. (<21) -

f. racemosus 5 8.20 n.d.(<21) n.d.(<21) -

. . 3 4.85 120,000 n.d. (<21) -
Fusarium semitectum SL-B 5 5.00 20000 nd.(<21) B
F. semitectum + SL-B + 3 4.40 40 nd. (<21) 99.97
M. racemosus f. racemosus  1215/09 5 4.80 4,000 n.d.(<21) 90.0
Fusarium sporotrichioides ~ R2301 2 i;g E?l g;g ;ig:ggg :
F. sporotrichioides + R2301 + 3 390 n.d. (<21) 12,000 95.0
M. racemosus f. racemosus ~ 1215/09 5 445 nd. (<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 pg 1) than after 5-day incubation (40,000 ug I'") 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, 25-26°C), 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 pg 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 pg 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 pg 1) and 5-day in-
oculation (8,000 pg 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 EI-Sharkawy and Abbas (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) Bohm 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 pg kg 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, 21-23°C)

Fungus Isolate Added Final  Toxin yield (ug 1) Yield re-
design. filtrate pH duction (%)
DAS T-2
- 4.76 34,000 n.d. (<21) 0
Fusarium 1 4.55 34,000 n.d. (<21) 0
semitectum SL-B 11 475 34,000 nd. (<21) 0
111 4.70 34,000 n.d. (<21) 0
- 4.20 n.d. (<21) 184,000 0
Fusarium 1 4.25 n.d. (<21) 184,000 0
sporotrichioides R-2301 I 418 nd. (<21) 184,000 0
111 4.12 n.d. (<21) 184,000 0
Legend:

I - F. semitectum SL-B+M. racemosus f. racemosus 1215/09 (SPYS days, 175 rpm);
I1 - 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, IT and I1I 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 Volki 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 t. 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 JETPAJALINIJA TUATTETOKCUCLUPITEHOJIA U T-2 TOKCHUHA
[NOCPEACTBOM M30JIATA MUCOR RACEMOSUS FRESEN. F. RACEMOSUS

Anexcangpa C. bouapos- CTquI/Ih Cnasuna JXK. Craukosuh?, Jenena T. Jlepuh?,
Harama M. Canwma', BnazmMI/Ip P. Iantuh', Cama C. Bapuuh'
!, ,buo-Exomnomku L[eHTap” J00, 23000 3peH,aHI/IH Penry6nnka CpOuja
2 MHCTUTYT 32 KYKYpy3 ,,3emyH [Tosbe”, 11185 Beorpan-3emyn, Peny6muka Cp6ouja

Pesume

Y KOHTPOJIMCAHUM in Vitro yCIOBUMa NIPOy4aBaHa je CocoOHocT nzonara Mu-
cor racemosus f. racemosus 1215/09 na /:[erpa);[y]e TPUXOTCLCHE THIIA A (nmarnetok-
cucuupreron - JIAC u T-2 TOKCHH) y TE€YHO] XpaHJbHBO] Hoio3u. llperxoxtnm
eKCIIepIMEHTHMA je IOKA3aHO Jia ofadpaHy M30J1aT, IOPEKIJIOM Ca CyHIIOKPETOBE CauMe,
roceyje criocoOHOCT pas3rpajimbe HaBeAeHUX (Py3apHOTOKCHHA, KOjU Cy Ka0 CUPOBH
eKCTPaKTH J0JaTH y MoauduKkoBaHy BorenoBy nmomiory:

V unpy yrBphuBama Ouonerpaganuje ¢y3apuoTOKCHHA TEYHA XPAHIbHBA TIOA-
nora CIIK (5% caxapoza + 0,1% nmenton + 0,1% ekctpaxT kBacua, pH 6,2) je 3acejana
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y ucTo Bpeme uzonarom M. racemosus f. racemosus 1215/09 wu: a) Fusarium semitectum
SL-B (mpoussohau JIAC-a) unu 0) F. sporotrichioides R-2301 (npousBohau T-2 Tok-
cuna). Kao koHTpona OuocunTtese TokcnHa kopumheHa je CITK noxnora nHokynucana
MOjeIMHAYHUM U30J1aTUMa IJbnBa. KyiIType cy HHKyOHpaHe Ha pOTallHOHO] TPECHITH-
uu (175 o/muH) ToKoM 3-5 1aHa Ha coOHOj Temmeparypu (21-26°C). Hakon 3 o 5 nana
MHKyOAaI1je BpPUICHO je GHIITPpUpamhe TEYHUX KYJITYpa v eKCTpakiinja py3apuoTOKCHHA
u3 puntpara erui-anerarom. Jerepmunanuja JIAC-a u T-2 Tokcuna je palyena tanko-
CJI0OjHOM XpoMaTorpadujoM Ha cuiinka remy I

3aBUCHO 01 AykuHE UHKyOauuje, M. racemosus f. racemosus je y 31pyKeHO]
KyITypH ca F. semltectum perpaznosaina 90,0-99,97% JJAC-a npucyTHOr y momiosu
(40.000-120.000 pg 1", nox je y 3mpysxenoj kynrypu ca F. sporotrzchzozdes pasrpajauiia
95,0-96,7% T-2 ToxcuHa npucyTHOr y noiosu (240.000 pg I h.

CrepunHu GUITpaTH MELIAHUX KYJITYpa U II0jeAMHAYHE KYATYpe M. racemosus
f. racemosus, noOVjeHN MPOMyIITakeM TEUHUX KyITypa kpo3 0,45 um memOpaHcku
¢unrep u nopatu CIIK nmoanosu, HECY yTHIAIN HA pa3rpadmby TPUXOTEIeHa TUIa A
Koje cy OnocuHTeTHCaTN n3oiaru F. semitectum SL-B u F. sporotrichioides R-2301 y
TEYHO] MOJJIO3H.
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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.
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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 (Leslie, 1991;Chulze etal., 2000;
Danielsen etal., 1998) and [ran (Zamani etal., 1998; Rahjoo etal,
2008b)

Sorghum (Sorghum bicolor (L.) Moench) is the world’s fourth most im-
portant cereal crop after wheat, rice, and maize (Smith & Frederiksen,
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 (Thakur etal., 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 (Castor & Frederiksen, 1980). The use of
resistant cultivars offers the most effective method for controlling the disease
(Forbes etal., 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 systemof Gerlach and Nirenberg (1982)
the teleomorph of F. verticillioides is Gibberella moniliformis Wineland,
which corresponds to mating population A of the Gibberella fujikuroi species
complex (Leslie, 1991; Danielsen etal, 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 (Nelson et al., 1993). Fumonisins
were first isolated in 1988 from cultures of F. verticillioides strain MRC 826
by Gelderblom and colleagues (Gelderblom 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 B; in 1988, more than 10 fumonisins have been isolated and char-
acterized. Of these, fumonisin B, (FB,), FB,, and FB; 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 (Gelderblom et al., 1988;
Yoshizawa etal., 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 (Jackson andJablonsky, 2004).
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Limited studies about fumonisins in Iran (Yazdanpanah etal., 2001;
Shephard etal,2002; Ghiasian etal, 2005 Yazdanpanah etal,
2006; Rahjoo etal., 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 (i1) 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 25°C 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 (Leslie and Summerell, 2006). PDA
cultures were incubated at 25°C and CLA and SNA cultures were incubated
at 25°C under near UV light for four weeks. Morphological identifications of
isolates were made using the criteriaof Gerlach and Nirenberg (1982)
andLeslie and Summerell (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
(Danielsen etal., 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 (Reid and Zhu, 2002) for fusarium ear rot and visual
panicle grain mold rating (PGMR) using 1-9 scales (Sharma 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 KGSI1
4 MO17 KGSI12
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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® Check M Nail Punch

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)

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 Bush et al,, (2004) and Clements et al., (2004).
Bush found that the maize hybrids reported to be more susceptible to Fusarium
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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)

ear rot had a significantly greater infection rate than either the resistant or the
intermediate hybrids (Bush et al., 2004). In contrast to Kedera et al,,
(1994) who did not find significant fumonisin production level in maize hy-
brids with high infection, Clements 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
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Fig. 3 — Estimated correlation between disease severity (DS %) and fumonisin production
in maize genotypes (a), and sorghum genotypes (b)

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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KBAHTU3AIIMJA YKYITHUX ®YMOHU3MNHA KOJE CTBAPAJY
COJEBU FUSARIUM VERTICILLIOIDES KOJJ HEKUX '’EHOTUIIOBA
KYKYPY3A 1 CUPKA IIOMORY EJIUCA TECTA

Baxun Paxny', Mapjam IMapuamujan’, Moxamen Taru ®ensz6anr’ 1 Majun 3amann'

'3aBon 3a 3amruTy 6usba, Micmamcku yausepsutet Asan, Jlamrxan, Mpan
2 " :
HCTUTYT 3a yHampeheme cemena u 6uspa (SPII), Kapaj, Upan
3 1lenTap 3a MCTa)XHMBambe Y HOJHONPUBPENH TIpoBuHIHMje [opran, Mpan

Pe3nme

Fusarium verticilliodes je jenna of HajpactipoCTpameHUJUX Fusarium BpcTa Ha
KYKYpy3y ¥ CHPKY ¥ U3a3UBa TPYJbEH-C KIIHIA KYKYpy3a H INICCHUBOCT 3pHa CUPKA Y
TOILTUM W BIQXKHHUM Mojpy4juma Mpana. OBa naToreHa ribuBa MpOU3BOJHU jaKe MHU-
KOTOKCHHE TT03HATE Kao (yMOHHM3HMHU. Y LIHIbY OJpehiBama cTBapamba MUKOTOKCHHA
(byMoHM3MHA) HA pA3TUYUTUM FeHOTHIIOBUMA KYKYpY3a H CHPKa IIOCTAaBJHEH j€ OTJIE]
1o ciny4ajHoM complete-block nu3ajuy ca 10 Tpermana u 3 moHaBJbarba 3a CBAKU POJI
Ha siokanuju [opran 2010. roguae. Knunosu kykypy3a cy HHOKYJIHpPAHU TEXHUKOM
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OylIema ca CyCIIeH31jOM CIIopa Koja MpecTaB/ba MEIIaBUHY HEKUX BUPYJICHTHHX F
verticilliodes n3onara. MeTnuIe cupka cy HHOKYJIUPaHE MPCKAkEM CYCIICH3H]E H30-
naTa Koja caJp>kKH crope y Bpeme nperama. CBa nHpuIpana 3pHa cy nomohy EJIMCA
kutoBa (AgraQuant Fumonisin Kit; Romer Labs, Austria) oniersnuBana y norseny yKyIHe
Mpou3Bo/ikbe (yMOHU3MHA y (U3HOIOINIKO] (a3u ca3peBama. CBU IE€HOTUIIOBH CY
MOKa3aJId CTATHCTHYKH 3HAYajHY PasINKy y IPOU3BOIBH (DyMOHH3HHA HA JIOKAIH]U
y loprany. Pesynraru nooujenu EJIMCA tectom cy mokasanu aa cy nuaHja 1 (oTmop-
Ha) 1 muHUja 3 (oceTspuBa) ca 2,4 ppm oxHOCHO 13,7 ppm nuHUje ca HajsehuM 0JJHOCHO
HajMamkUM CaipKajeM YKyImHUX (yMOHU3MHA KOJ CBMX I€HOTHIIOBA KyKypy3a. Kox
cupka, reHorurn 10 u renorun 6 ca 0,2 ppm ogHOCHO 4,8 ppm cy UMaiu HajBehu 0HO-
CHO HajMamH yKyITHHU CajpKaj (I)yMOHI/ISI/IHa Pesynraru Hamer ekenpuMeHTa y peru-
ony ['opran cy mokasanu Jia je HUBO cTBapama (pyMOHU3UHA Y 3pHY KyKypy3a (MoXkaa
300r TOra mITO je KyKypy3HO 3pHO TJ1aBHU joMahuH OBe ribUBUIlE) OMO 3HAaTHO Behu
HETO Yy 3pHY CHpKa.
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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 xK1263/1) 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 10%in 1 ¢cm® and the stability in soil has been
reported between 5-7 years (Christesen, 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
(Day and Anagnostakis, 197]).

* 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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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 (Pope and McCarter, 1992). Host resistance
offers, the most economical means of control of common smut (Smith and
White, 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 (Kyle, 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 (Pope and McCarter, 1992).

Zamani and Choukan (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 23-25°C. 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 10° 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 (Day and Anagnostakis,
1971) reported that the disease development at dry regions and (Smith and
White, 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

MS MS

(S.0V) @f émut) @ gmut)
Year 2008 Year 2009

Location (L) 1 0.371" 1 11.5°
Error (El) 4 0.154 4 1.297
Hybrid (H) 43 4.133" 29 6.259"
LxH 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 3917 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 R59xR319 25
MR 1.967 BCDEF 37Ax 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 0.967F 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 SC302/1 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 4333 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 Go gh (1976) also confirmed that
the rate of disease is low in crosses of resistant lines (RxR); 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 (Kyle, 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 x K1263/1 1
MR 1/700 CDE KE77003/2 x K 1263/1 2
MS 2/333 BCDE KE77003/3 x K 1263/1 3
MS 2/883 BCDE KE77003/4 x K 1263/1 4
MR 1/750 CDE KE77003/7 x K1263/1 5
MS 2/317 BCDE KE77003/8 x K1263/1 6
MS 2/683 BCDE KE77003/9 x K1263/1 7

S 3/450 BCD KE77003/10 x K1263/1 8
R 0/950 E KE77006/3 x K1263/1 9
MS 2/367 BCDE KE770010/2 x K1263/1 10
MS 2/583 BCDE KE77003/3 x K1264/5-1 11
MS 2/800 BCDE KE77003/4 x K1264/5-1 12
S 3/350 BCDE KE77003/9 x K1264/5-1 13
S 3/950 ABC KE77003/10 x K1264/5-1 14
MS 2/667 BCDE KE77003/12 x K1264/5-1 15
S 3/917 ABC KE77004/1 x K1264/5-1 16
S 3/217 BCDE KE77006/2 x K1264/5-1 17
MS 2/350 BCDE KE77006/3 x K1264/5-1 18
S 3/200 BCDE KE77006/4 x K1264/5-1 19
MS 2/150 CDE KE77005/4 x 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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EBAJIYALIMJA OTIIOPHOCTU '’EHOTUIIOBA PAHOI' KYKVYPVY3A
HA T'AP [IOMORQY BEIITAYKE NHOKVYJIALIMJE

Manun 3amann', Baxun Paxiy', Mapjam [apuamjuan®
'3aBoj 3a HCTpakUBambe KYKypy3a M CTOYHE XpaHe, IHCTUTYT 3a yHanpeheme
cemeHa n Ousba, Kapaj, Upan
23apoy 3a 3amTUTY Ousba, Mciamcku yrusepsutet Asan, Jlamrxan, Upan

Pesume

VY 1nuiby nmpoyuyaBama OTIIOPHOCTH T'EHOTHUITOBA PAHOT KYKYpy3a IMOCTABJBEH je
orzen ca 44 nunuje xubpuaa 2008. roguHe n 30 rerotunosa 2009. ronuHE MO CITyYajHOM
complete-block nuzajuy Ha nokanujama y Kapajy n Ecaxany. CBu KIUTIOBH Cy HHO-
KyJIMpaHU MH]eKIIMOHOM TEXHUKOM y oaroBapajyhe Bpeme. MHokynamuja je odaBibe-
Ha yOpusrasameM (3 ml 1o cBakom KJIHIly) y BpeMe CBUJIamba KyKypysa. EBanyauuja
KJIMIOBA je ypaheHa HaKkoH 3 110 4 Hezesbe. PesynTarn 1001jeHH aHaIM30M BapHjaHce
u niopeljerbe CpeIbNuX BPeIHOCTH CY TIOKA3aJIH Ja TOCTOJU Pa3InIuTa OTIIOPHOCT UCITH-
THUBaHOT MaTepHjaia Ha Oonect. HakoH Opama KyKypy3HHX KIUIOBa oapehuBaHa je
OTIIOPHOCT CBAaKOI T€HOTHIIA Ha 0a31 HHJEKca TexKnHE 00osberba (0-7). O ncrmTuBaHUX
nuHrja y 2008. TonuHU Kao oceTJbUBa ce Moka3ana JnHuja 6poj 41 (KE77004/1-1-1) a
kao ornopHe auHuje 0poj 28 u 42 (KE77003/1-8-1 u 37A). On uciutuBaHuX XuOpuaa
ornopHocT je nokazao K SC 400. Ox ucnutuanux nunuja y 2009. roguau, TMHAjA
6poj 29 (KE77004/1-1-1) ce mokazaina kao ocetsprBa a tuHuja 0poj 27 (KE77005/4) kao
ornopHa. O ucnutuBaHUX XuOpuaa, xudpun 6poj 9 (KE77006/3xK1263/1) je ouemwen
K20 PEe3NCTCHTAH.

77



78



30opuuk Martuie cprcke 3a npupoaHe Hayke / Proc. Nat. Sci, Matica Srpska Novi Sad,
Ne 121, 79—84, 2011

UDC 633.11:631.526:632.4
DOI:10.2298/ZMSPN1121079B

1 2

Ferenc F. Balaz', Marija I. Bodroza Solarov~,
Jovana N. Vuckovié ?, Ferenc F. Bagi!

'Faculty of Agriculture, Department for Environmental and Plant Protection, D. Obradoviéa 8 Novi Sad
% Institute of Food Technology, Bulevar Cara Lazara 1, Novi Sad

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 (Balaz, 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 (Balaz et al., 2006; 2010). According to Bagi
(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.
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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 (Prange et al., 2005; Havlova et al,
2006; Suchowilska etal., 2007, 2010).

Haidukowski etal. (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 Backi Petrovac
using wheat variety Renesansa.

During vegetation period standard agrotechnical measures were applied.
Chemical treatments were applied in flowering stage using TwenlJet 11004
nozzle. In the research were used following fungicides: Osiris 21/ha (metcona-
zole+epoxiconazole), Prosaro 1 1/ha (tebuconazole+prothioconazole), Cham-
pion 1.2 1/ha (epoxiconazole +boskalid), Caramba 1.5 1/ha (metconazole), Bumper
11/ha (propiconazole), Zamir 1l/ha (prochlorazttebuconazole). Plots of each
treated wheat variety were estabhshed randomly in four replications with un-
treated control. Each parcel was 5 m?.

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/m? 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 (Ba g1, 1999). Beside Fusarium spp., Alter-
naria spp. occurs very frequently nowadays (Balaz 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 TwenlJet 11004
nozzle that enables better ear coverage with fungicides, which is in correlation
withLehoczki-Krsjak etal (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 (Balaz et. al, 2006).

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

SEED DEVELOPMENT STAGES
Fungicides Milk stage Waxy maturity Te;?;‘:ll:i%;cal Y:/]?ILD
Alternaria | Fusarium | Alternaria | Fusarium | Alternaria | Fusarium 2
spp- spp- spp- spp- spp- spp-
Osiris 0a Oa Oa 0.5a Oa 1.2a 7.635¢
Prosaro 10.1b Oa 53b 0.8a 0.3a 2a 7.582 ¢
Caramba 153 ¢ 52b 16.4 ¢ 2.8 ab 1490 4.6b 7.254 be
Champion 10.2 b 8.5 bc 134 ¢ 6.2b 12.7b 73D 6.972 b
Bumper 13.8 be 10.6¢ 129 ¢ 112 ¢ 14.1b 12.6 ¢ 6.725 b
Zamir 22d 15.8d 21.7d 17.3 d 24.1¢c 16.6 ¢ 6.725b
CONTROL | 364c¢ 26.7 ¢ 348 ¢ 25.6 ¢ 38.4d 28.7d 6.132 a

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

81



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 (Simpson et al., 2001,
Pirgozliev etal, 2002, Andersen and Thrane, 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 Simpson et al. (2001) and Haidukowski 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 Hauser Hahn etal. (2008).

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

T . 1000 Protein
Fungicides est weight kernel weight content Gluten DON
g (kg/hl) g ¢ content (%) mg/kg
/sm ( /o/d.m.)
Zamir 79.7b 389e¢ 12.13b 24.12b <0.25 a
Champion 79.5b 334c¢ 12.42 be 25.14 be <0.25a
Osiris 79.7b 34.7d 12.23 b 24.50 b <0.25a
Prosaro 79.7b 344d 14.4d 30.47d <0.25a
Pumper 79.7b 3270 12.06 b 23.92b <0.25a
Caramba 80.1b 337c¢ 129 ¢ 26.60 ¢ 0.77b
CONTROL 772 a 31.5a 11.45 a 2201 a 1.30 ¢

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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YTULHAJ XEMUICKE 3AIUTUTE INIEHWUIE HA UHTE3UTET
3APA3E BPCTAMA U3 POJA FUSARIUM SPP. 1 ALTERNARIA SPP.
Y KOPEJIALIMIJN CA TEXHOJIOILIKHM KBAJIMTETOM

®epenn . banax!, Mapuja U. Boxpoxa Conapor?, Jopana H. Byuxosuh %,
depenn . Baru'
'Tomonpuspennu paxyiret, JlenapT™MaH 3a 3alITHTY OUIba U SKUBOTHE cpeauHe, 1.
Oo6panosuha 8, 21000 Hosu Can
> HayuHu HHCTUTYT 3a ipexpambene TexHosoruje, Ilapa Jlasapa 1, 21000 Hosu Can

Pe3nme

Hcnurusazo je Bpeme uHpexuuje risuBama u3s popa Alternaria spp. u Fusarium
Spp. vy paznuuuTUM (azaMa 3pesioCTH MIIeHHIIe (MJICYHa, BOLITAHA, ITyHA) Kao U JIej-
CTBO IIPUMEHE Pa3IN4YUTUX (PYHTULIUA HA IIPUHOC, IIapaMeTpe TEXHOJIOIIKOT KBaJIH-
TeTa, U caapxkaj MukotokcuHa JJOH. Pesynratu oBor ucTpakuBama Cy J1a U IJbUBE U3
pona Alternaria 3apaxkaBajy Kjac u 3pHO y Ga3u popMupama 3pHa, Kao IITO je TO JI0
cajia Omto o3Haro 3a Fusarium Bpcte. TpeTMan GyHrumuanmMa nosehasa mpuHoOC 10
20 %, xekrosnuTapcky macy 3a 3,7%, macy xuspany 3pHa 10 19,1%. Cagpixaj MUKOTOK-
cuna JIOH u3Han 103B0JbeHE TPaHUIIE YTBPhEH je jeAMHO KOl TPUMEHE KOMEPIIHjaTHOT
npenaparta Caramba u KoJl KOHTpoJie 0e3 TpeTMaHa.

84



30opuuk Martuie cprcke 3a npupoaHe Hayke / Proc. Nat. Sci, Matica Srpska Novi Sad,
Ne 121, 85—101, 2011

UDC 634.8.03
DOI:10.2298/ZMSPN1121085C

Franc Cus'? Neza J. Cadez:’, Peter I. Raspor?

!Agriculture Institute of Slovenia, Central Laboratory, Hacquetova 17, 1000 Ljubljana, Slovenia
University of Ljubljana, Biotechnical Faculty, Department of Food Technology, Chair of Biotechnology

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.
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ripening (Pearson and Goheen, 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 (E11ison 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
(Forster and Staub, 1996; Rosslenbroich and Stuebler, 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 (Cabras etal., 1997b; Cabras and Angioni, 2000).
Yeast ecology of grape berries and later in wine fermentations is influ-
enced by several factors (Raspor etal., 2006). An impact of fungicides has
been studied recently (Cadez 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, Cus and Raspor (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 (Lema et al. 1996; Ro -
mano etal,2003; Howell etal, 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 (Cabras
etal, 1999; Polsinelli and Vandini, 2003) or impact of fungicides on
yeast growth was observed on solid media (Sapis-Domercq, 1980;
Monteil 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 (Woods and Washington, 1995;Cadez etal., 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 (Egli et al, 1998; Pretorius, 2000; Romano 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
(Schuller etal., 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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(Carle and Olson, 1984). It was already successfully used for monitoring
the succession of yeast strains during wine fermentations (Vezinhet etal.,
1990; Schutz and Gafner, 1993; Brione etal, 1996; Raspor etal.,
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 (1** July) and at the beginning of grape ripening
(13t 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
(18" 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 (Cabras, An-
gioni and Garau, 1997a; Fillion, Sauve and Selwyn, 2000) At
the harvest appr0x1mately 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), flltered (Minisart SRPSRP 15 — 0.2 um, Sartorius),
and cleaned with the AutoPrep® 1000 Automated GPC Cleanup System (O.1.
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Corporation). The eluate was evaporated under the nitrogen stream and the
residue was dissolved in acetone (Thier and Zeumer, 1992a; Thier and
Zeumer, 1992b; Makovi and McMahon, 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 (Fillion etal.,,
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 14°C. In order to preserve the indigenous yeast population, the must were
not treated with SO,. 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 18°C and 19°C. 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 H,SO,. 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,
Diiren, Germany) with pore diameters of 0.45 pm and 0.20 um. 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 28°C 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 (Raspor et
al., 2001). The yeast chromosomes were separated in 1% agarose gels in 0.5 x
TBE buffer chilled at 12°C 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 pg/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 12" 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 36" 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 (Fleet,
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 (Sapis-
Domercq, 1980; Cabras etal., 1999). In contrast, there are few results

91



of influence of some fungicides on the spontaneous alcoholic fermentation
(Viviani-Nauer etal, 1997, Cu§ and Raspor, 2008) or natural flora
on grapes of cultivars resmtant to fungi (Viviani-Nauer et al, 1995,
Cadez etal., 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 (Lemperle etal, 1982; Farris et
al., 1992; Cabras etal., 1997b). As the concentrations of the fungicides in
the must were not measured we may propose that they reached approximately
50-60 % of iprodione (Lemperle etal, 1982; Farris etal., 1992; Gar-
cia-Cazorla and Xirau-Vayreda, 1994), 90-95 % of pyrimethanil,
45-50 % of fludioxonil and 30-40 % of cyprodinil determined in the grapes
(Cabras etal.,, 1997b;Flori,Frabboni and Cesari, 2000).

The karyotype analysis is very useful and accurate method for typing the
strains of S. cerevisiae (Vezinhet etal.,, 1990; Schuller etal., 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 (Leroux 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 (Fleet and Heard, 2002; Schuller, Alves,De-
quin and Casal, 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.

Acknowledgements

The authors wish to thank to Dr. A. Gregor¢i¢ and Dr. H. Baga-Cesnik
and acknowledge the technical assistance of Natasa Krac¢un. This research
was supported by the Ministry of Higher Education, Science and Technology
and by the Ministry of Agriculture, Forestry and Food of Republic of Slovenia
(Project no. V4-0591-01).

93



REFERENCES

Briones, A., Ubeda, J., Grando, S.(1996): Differentiation of Saccharomyces
cerevisiae strains isolated from fermenting must according to their karyotype patterns,
International Journal of Food Microbiology 28, 369-377.

Cabras, P., Angioni, A., Garau, V. L.(1997a): Gas chromatographic determi-
nation of cyprodinil, fludioxonil, pyrimethanil, and tebuconazole in grapes, must and
wine, Journal of AOAC International 80, 867-870.

Cabras, P., Angioni, A., Garau, V. L., Melis, M., Pirisi, F. M.,
Minelli, E. V., Cabitza, F., Cubeddu, M. (1997b): Fate of some new
fungicides (cyprodinil, fludioxonil, pyrimethanil, and tebuconazole) from vine to wine,
Journal of Agricultural & Food Chemistry 45, 2708-2710.

Cabras, P., Angioni, A., Garau, V. L., Pirisi, F. M., Farris, G. A.,
Madau, G., Emonti, G. (1999): Pesticides in fermentative processes of wine,
Journal of Agricultural & Food Chemistry 47, 3854-3857.

Cabras, P., Angioni, A. (2000): Pesticides residues in grapes, wine, and their
processing products, Journal of Agricultural & Food Chemistry 44, 967-973.

Cadez, N., Raspor, P., De Cock, A. W. A. M., Boekhout, T., Smith,
M. T.(2002): Molecular identification and genetic diversity within species of the genera
Hanseniaspora and Kloeckera, FEMS Yeast Research 1, 279-289.

Cadez, N., Zupan, J.&Raspor, P.(2010): The effect of fungicides on yeast com-
munities associated with grape berries, FEMS Yeast Research 10, 619-630.

Carle, G. F., Olson, M. V.(1984): Separation of chromosomal DNA molecules from
yeast by orthogonal-field-alternation gel electrophoresis, Nucleic Acids Research 12,
5647-5664.

Cus, F.& Raspor, P.(2008): The effect of pyrimethanil on the growth of wine yeasts,
Lett. Appl. Microbiol. 47, 54-59.

Egli, C. M., Edinger, W. D., M., M. C., Henick-Kling, T.(1998): Dy-
namics of indigenous and inoculated yeast populations and their effect on the sensory
character of Riesling and Chardonnay wines, Journal of Applied Microbiology 85, 779-789.

Ellison, P., Ash, G., McDonald, C. (1998): An expert system for the manage-
ment of Botrytis cinerea in Australian vineyards, 1. Development. Agricultural Systems
56, 185-207.

Esteve-Zarzoso, B., Belloch, C., Uruburu, F., Querol, A. (1999):
Identification of yeasts by RFLP analysis of the 5.85 rRNA gene and the two ribosomal
internal transcribed spacers, International Journal of Systematic Bacteriology 49, 329-337.

Farris, G. A., Cabras, P., Spanedda, L. (1992): Pesticide residues in food
processing, Italian Journal of Food Science, 149-169.

Fillion, J., Sauve, F., Selwyn, J.(2000): Multiresidue method for the determina-
tion of residues of 251 pesticides in fruit and vegetables by gas chromatography/mass
spectrometry and liquid chromatography with fluorescence detection, Journal of AOAC
International 83, 698-712.

Fleet, G. H., Heard, G. M. (2002): Yeasts — growth during fermentation. In: Fleet,
G. H. (Ed.), Wine microbiology and biotechnology, Taylor & Francis, New York, pp. 27-54.

94



Fleet, G. H. (2003): Yeast interactions and wine flavour, Journal of Food Microbiology
86, 11-22.

Flori, P., Frabboni, B., Cesari, A.(2000): Pesticide decay models in the wine-
-making process and wine storage, Italian Journal of Food Science 12, 279-289.

Forster, B., Staub, T.(1996): Basis for use strategies of anilinopyrimidine and phe-
nylpyrrole fungicides against Botrytis cinerea, Crop Protection 15, 529-537.

Garcia-Cazorla, J., Xirau-Vayreda, M. (1994): Persistence of dicarboximidic
fungicide residues in grapes, must, and wine, American Journal of Enology & Viticul-
ture 45, 338-340.

Howell, K. S., Swiegers, J. H., Elsey, G. M., Siebert, T. E., Bar-
towsky, E. J., Fleet, G. H., Pretorius, I. S., de Barros Lopes,
M. A.(2004): Variation in 4-mercapto-4-methyl-pentan-2-one release by Saccharomy-
ces cerevisiae commercial wine strains, FEMS Microbiology Letters 240, 125-129.

Lema, C., Garcia-Jarec, C., Orriols, 1., Angulo, L.(1996): Contribution
of Saccharomyces and non-Saccharomyces populations to the production of some compo-
nents of Albarino wine Aroma, American Journal of Enology and Viticulture 47, 206-216.

Lemperle, E., Emmanouilidis, N., Kerner, E.(1982): Decomposition behav-
iour of the fungicides Ronilan, Rovral and Sumisclex on wine grapes, 11. Residues of the
active ingredients in grapes, must and wine. Deutsche Lebensmittel-Rundschau 78, 51-55.

Leroux, P., Fournier, E., Brygoo, Y., Panon, M. L.(2002): Biodiversity
and variability within Botrytis cinerea, the causal agent of grey mould, Phytoma 554,
38-42.

Makovi, C. M., McMahon, B. M. (1999): Extraction with acetone, liquid-liquid
partitioning with petroleum ether/methylene chloride, In: Makovi, C. M., McMahon, B.
M. (Eds.), Pesticide analytical manual: Vol. 1. R.O.W. Sciences, Inc., Rockville, pp. 302-307.

Monteil, H., Blazy-Maugen, G., Michel, G.(1986): Influence des pesticides
sur la croissance des levures des raisins et des vins, Sciences des Aliments 6, 349-360.

Navarro, S., Oliva, J., Navarro, G., Barba, A.(2001): Dissipation of Chlo-
rpyrifos, Fenarimol, Mancozeb, Metalaxyl, Penconazole, and Vinclozolin in grapes,
American Journal of Enology & Viticulture 52, 35-40.

Pearson, R. C., Goheen, A. C.(1988): Compendium of grape diseases, APS Press
- The American Phytopathological Society, St. Paul, pp 87.

Polsinelli, M., Vandini, C.(003): Studi sull effetto di fungicidi su cellule di lieviti
da vino, Vignevini, 137-139.

Pretorius, I. S.(2000): Tailoring wine yeast for the new millennium: novel approaches
to the ancient art of winemaking, Yeast 16, 675-729.

Raspor, P., Smole Mozina, S., Cadez, N.(2001): Identification of yeast from
grape/must/wine system. In: Spencer, J. F. T., Ragout de Spencer, A. L. (Eds.), Food
microbiology protocols. Humana Press Inc., Totowa, pp. 243-257.

Raspor, P., Cus, F., Povhe Jemec, K., Zagorc, T., Cadez, N., Ne-
manic, J.(2002): Yeast population dynamics in spontaneous and inoculated alcoholic
fermentations of Zametovka must, Food Technology and Biotechnology 40, 95-102.

Raspor, P., Milek, D. M., Polanc, J., Mozina, S. S. & Cadez, N.
(2006): Yeasts isolated from three varieties of grapes cultivated in different locations of

95



the Dolenjska vine-growing region, Slovenia, International Journal of Food Microbiology
109, 97-102.

Romano, P., Fiore, C., Paraggio, M., Caruso, M., Capece, A.(2003):
Function of yeast species and strains in wine flavour, International Journal of Food
Microbiology 86, 169-180.

Rosslenbroich, H. J., Stuebler, D.(2000): Botrytis cinerea — history of chemical
control and novel fungicides for its management, Crop Protection 19, 557-561.

Sapis-Domercq, S.(1980): Etude de I’influence des produits de traitement de la vigne
sur la microflore des raisins et des vins, Connaissance de la Vigne et du Vin 14, 155-181.

Schuller, D., Valero, E., Dequin, S., Casal, M. (2004): Survey of molecular
methods for the typing of wine yeast strains, FEMS Microbiology Letters 231, 19-26.

Schuller, D., Alves, H., Dequin, S., Casal, M. (2005): Ecological survey
of Saccharomyces cerevisiae strains from vineyards in the Vinho Verde region of Portu-
gal, FEMS microbiology ecology 51, 167-177.

Schutz, M., Gafner, J.(1993): Analysis of yeast diverity during spontaneous and in-
duced alcoholic fermentations, Journal of Applied Bacteriology 75, 551-558.

Thier, H. P., Zeumer, H. (1992a): Cleanup Method 6. In: Thier, H. P., Zeumer, H.
(Eds.), Manual of pesticide residue analysis, VCH, Verlagsgesellschaft, Weinheim, pp.
31-36.

Thier, H. P., Zeumer, H. (1992b): Organochlorine, organophosphorus, nitrogen-con-
taining and other pesticides. In: Thier, H. P., Zeumer, H. (Eds.), Manual of pesticide
residue analysis. VCH, Verlagsgesellschaft, Weinheim, pp. 317-322.

Vezinhet, F., Blondin, B., Hallet, J. N.(1990). Chromosomal DNA patterns
and mitochondrial DNA polymorphism as tools for identification of enological strains of
Saccharomyces cerevisiae, Applied Microbiology and Biotechnolgy 32, 568-571.

Viviani-Nauer, A., Hoffmann-Boller, P., Basler, P., Gafner, J.
(1995): Composition and dynamics of the yeast flora on grapes from cultivars resistant
to fungi, Schweizerische Zeitschrift Fuer Obst- und Weinbau 131, 390-393.

Viviani-Nauer, A., Hoffmann-Boller, P., Gafner, J.(1997): In vivo de-
tection of folpet and its metabolite phthalimide in grape must and wine, American Journal
of Enology & Viticulture 48, 67-70.

Woods, G. L., Washington, J. A.(1995): Antibacterial susceptibility tests: dilu-
tion and disk diffusion methods. In: Murray, P. R., Baron, E., Pfaller, M. A., Tenover, F.
C., Yolken, R. H. (Eds.), Manual of clinical microbiology. ASM Washington Press,
Washington, pp. 1327-1341.

Yarrow, D.(1998): Methods for the isolation, maintenance and identification of yeasts. In:
Kurtzman, C. P, Fell, J. W. (Eds.), The yeasts, a taxonomic study. Elsevier Science Pub-
lishers, Amsterdam, pp. 77-102.

96



Tab. 1 — Maximum residue limits (MRL) and amounts of fungicide residues in the grapes of
Rebula (*ND — not detected).

Level of the experimental | Determined MRL of fungicide Fungicide residue
factor fungicide (mg/kg) (mg/kg))
Iprodione 10.00 ND*
Pyrimethanil 5.00 ND
CONTROL Fludioxonil 2.00 ND
Cyprodinil 2.00 ND
Iprodione 10.00 2.60
Pyrimethanil 5.00 ND
IPRODIONE Fludioxonil 2.00 ND
Cyprodinil 2.00 ND
Iprodione 10.00 ND
Pyrimethanil 5.00 1.18
PYRIMETHANIL Fludioxonil 2.00 ND
Cyprodinil 2.00 ND
Iprodione 10.00 ND
FLUDIOXONIL + Pyrimethanil 5.00 ND
CYPRODINIL Fludioxonil 2.00 0.43
Cyprodinil 2.00 0.73

Tab. 2 — Karyotype groups isolated from four spontaneous alcoholic fermentations
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Fig. 1 — Yeasts growth (-m-), sugars utilization (-o0-), ethanol production (-A-) and frequency
of occurrence of different S. cerevisiae strains in the control fermentation
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Fig. 2 — Yeasts growth (-m-), sugars utilization (-o-), ethanol production (-A-) and frequency
of occurrence of different S. cerevisiae strains in the iprodione fermentation
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Fig. 3 — Yeasts growth (-m-), sugars utilization (-o0-), ethanol production (-A-) and frequency
of occurrence of different S. cerevisiae strains in the pyrimethanil fermentation
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OCTALIM ®YHTULUJIA Y TPOXBY OAPEBYIY JTMHAMUKY
COJEBA SACCHAROMYCES CEREVISIAE Y TOKY CTIOHTAHE
®EPMEHTALIMJE BUHA

Dpany Yyw'"?, Heoca J. Yadexc?, [eiiep U. Paciiop®

> Vuusepsutet y Jby6ibannu, bBuoTeXxHudku hakynrer,
JlemapTMeHT 3a TEXHOJIOTH]jy XpaHe, KaTtenpa 3a GHOTeXHOIOTHjy

Pesume

[MpoyvaBanu cMo yTuIaj Tpu GyHrunuaa Ha Botrytis cinerea (MIPOIMOH, TUPHU-
METaHUI U Iy TMOKCOHWUIT TUTYC LIUTIPOIMHIIT) Ha MOMYIaNn]jy cojeBa Saccharomyces
cerevisiae y TOKY CIIOHTAHOT aJIKOXOJHOT Bpewma. C 003upoM 1a ce GyHTULIUIU Y BU-
HOTpajinMa KOpHCTe y ABe (ha3ze pacTa BUHOBE J03€ MPATUINA CMO YSTHPH Pa3IHIUTE
CTIIOHTaHe (hpepMeHTallH]je: KOHTPOJIA, HITPOIUOH, TUPUMETAHUIT U ()ITYTOKCOHIII TLTYC
nunpoauamil. Ocranu QyHrunmaa y rpoxly cy onpehusanu GC/MS cuctemom a dep-
MeHTaIyje cy npahene npema nmpoMeHama y KBacily, mehepy u KOHIICHTpalijaMa eTa-
HOJa OpojareM KOJIOHA M BUCOKOIIPHUTUCHOM TEYHOM XpOMaTOorpadujoM. 3a aHaausy
KapHoTHmnoBa u3 473 n30y1aTa KOPUCTIUIN CMO Tell eNIeKTpodopesy y MyJICHOM II0JbY.
Ocranu ¢pyHrunuaa y rpoxlhy y Bpeme 0epoe Ouiu cy Ucnoj rpaHuile MaKCUMallHe
pe3uIyaHe BpeJHOCTH. S. cerevisiae U30JIaTH Cy KJIaCH(PUKOBaHH y 15 KapHOTHITHUX
rpyma. Tpajame nporeca 1 HOITyNalyje KapHOTHIIOBA CE Pa3IHKOBAIO Of (epMeHTa-
uuje 1o hepmernrtanuje. Mmpoauon U KOHTpotHa GepMeHTaluja cy Tpajaie 36 naHa y3
MPEBAJICHIIN]Y KapUOTHIIA A JIOK je (IIyAMOKCOHMUII ILITYC IIUITPOAUHUI (PepMEeHTAIIH]a
Tpajana 50 nmaHa a kapuoTtut je 6uo Boaechu y npouecy. Kox mupumentanun gpepmen-
Taluje HU jeflaH OJ KapuoTUIoBa Huje Ouo npeosnalyjyhu y mupu a cama depmen-
TaIluja je Tpajaja MHOTO Jysxe (68 naHa). loOujeHn pe3ynTaTy cy IoKa3aiH Jia OCTaIlH
(dyHTHIIMAa yTUYY Ha KHHETUKY QepMeHTaIrje u u30op cojeBa S. cerevisiae y TOKY
CIIOHTAHOT aJIKOXOJIHOT BpEHha a Ce U3 TOT pasiora MOXKe CMaTPaTH BAXKHUM (PaKTo-
POM KOjU MOYK€ HHIUPEKTHO YTHUIIATH Ha CTBaparme pepMEHTALMOHE apOME BUHA JI0-
OMjEeHOT OBAKBUM IIPOIIECOM.
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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.
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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
(McKay and Blumberg,2002; Rietveld and Wiseman, 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 (Kun -
gulovski etal, 2011) and under favourable conditions of temperature and
humidity, moulds grow on many commodities including cereals, oil seeds, nuts,
herbs, and spices (Brera 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 (Vi§1¢, 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 t0o low to cause destruction of mycotoxin structures (Skrinjar, 1997).

Because of those reasons the aim of this work was to 1nvest1gate 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. Peppermint Menta piperita Lamiaceae
2. Sage Salvia officinalis Lamiaceae
3. Yarrow Achilea millefolium Asteraceae
4. Black tea Camellia sinensis Theaceae
5. Bearberry Arctostaphylos uva ursi Ericaceae
6. Lemon balm Mellissa officinalis Lamiaceae
7. Mixture of teas from Zlatibor

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 Iml 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/lI; yeast extract, 5 g/I; NaCl, 100 g/I; glucose, 120 g/I; chloram-
phenicol, 0.05 g/1; agar, 20 g/I) and MEA (maltose extract, 20 g/I; pepton, 1g/1;
glucose, 20 g/1; NaCl, 170 g/1; chloramphenicol, 0.05 g/lI; agar, 20 g/I).

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

Identification of isolated fungal species was done according to Thom
and Raper (1945),Klich (2002) and Samson 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 MY 10-12 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 [logjocfu/g] determined by using MY10-12 and
MEA media

MY 10-12 MEA

Sample Total mould count

P Total mould count [log;ocfu/g] [loggcfu/e]
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 3.04 242
Mixture of teas from Zlatibor 4.55 -
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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

Samples
Me- Mixture of teas
dium | Peppermint | Sage Yarrow Black tea | Bearberry | Lemon balm from Zlatibor
MY | Aspergillus | Aspergillus | Eurotium Aspergillus | Aspergillus | Aspergillus Aspergillus
10-12 | awamori awamori amstelodami | awamori | awamori | flavus Aspergillus | restrictus
Aspergillus | Eurotium Eurotium Aspergillus | lovaniensis Eurotium
versicolor | amstelodami | chevalieri niger Aspergillus amstelodami
Eurotium niger Eurotium
amstelodami Scopulariopsis herbariorum
brevicaulis Penicillium
chrysogenum

MEA | Penicillium | Aspergillus | Penicillium | Aspergillus | Aspergillus | Aspergillus
chrysogenm | versicolor chrysogenum | repens versicolor | versicolor
Eurotium | Aspergillus
herbariorm | 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 [°C] Ay

Aspergillus flavus 10 0.81
Aspergillus niger 12 0.77
Aspergillus versicolor 6 0.70
Eurotium amstelodami 10 0.71
Eurotium chevalieri 6 0.72
Eurotium herbariorum 4 0.78
Penicillium chrysogenum 4 0.84
Scopulariopsis brevicaulis * 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 [log;CFU/g]

MY 10-12 MEA
Sample Total mould count [log;(CFU/g| Total mould count
[log,yCFU/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

Samples
Me- Mixture of
dium | Peppermint | Sage Yarrow Black tea | Bearberry |Lemon balm | teas from
Zlatibor
Aspergillus
MY | Eurotium Eurotium Aspergillus | Aspergillus | Aspergillus | Aspergillus | niger
10-12 | herbariorum | amstelodami | awamori | awamori | awamori | 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

MY 10-12 MEA
Sample Total mould count [log;ycfu/ml] ’[I;zz(l,cl;ll?/l:lln(ll] count
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- Samples '
um | Peppermint | Sage Yarrow Black tea  |Bearberry |Lemon balm Igf;xmtuzrfa;)i{)geras
MY  |Aspergillus | Aspergillus | Aspergillus | Aspergillus | Aspergillus | Aspergillus | Aspergillus
10-12 |awamori  |awamori |awamori  |awamori niger awamori
Penicillium
chrysogenum
MEA - - - - - -

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

moulds whose are potential producers of toxins.
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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.

42,9%

14,3%

M teas in bulk

M teas treated with hot water

L filtrates of teas

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



Tab. 10 — Some of isolated moulds whose are potential producers of toxins

Moulds Toxins

Eurotium amstelodami Sterigmatocystin (traces)

Eurotium herbariorum Sterigmatocystin (traces)

Eurotium shevalieri Emodin, gliotoxin, physicon, xanthocillin
Aspergillus flsvus Aflatoxins, aflatrem, aflavinin, aspergillic acids
Aspergillus niger Maltformins, nigragilin

Aspergillus sydowii Nidulotoxin, sterigmatocystin, griseofulvin
Aspergillus versicolor Nidulotoxin, sterigmatocystin

Penicillium chrysogenum Roquefortine C, PR-toxin, xantocillin, penicillin

All of this species are widely distributed (K 1ich, 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 (Domsch etal., 1980).

Aspergillus flsvus is the most widely reported food-borne fungus and
from many other substrates in indoor and outdoor environments (Samson
et al., 2001).

Aspergillus niger has been reported from soils, plant litter, dried fruits,
nuts and indoor environments (Pitt and Hocking, 1997).

Habitat of Aspergillus sydowii is primary soil, but it has been reported
from many other substrates in indoor and outdoor environments. 4. 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
(Domsch etal., 1980).

Penicillium chrysogenum has been reported from indoor environments,
deserts, dried foods, cheese, salterns (Samson and Frisvad, 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 logjocfu/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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KCEPOOMJIHE MUKOIIOITYJIAIMIJE HAJEBA V PUHOY3U

Mapuja M. llIkpumap', Mapujana M. Bummuh-Buhanosuh', Hepena T. Bnarojes’,
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2 EKOJIAB 11.0.0., Jopana I{sujuha 45, Hopu Can, Cpbuja

Pe3nme

[Tocne Boze, nanac je uaj HajnomyiapHuje nuhe Ha cBety. Konsymupa ce Beh
JyTH HU3 TOJIMHA, Y TIOYETKY BHIIE Ka0 OcBexapajyhe muhe, a y mocieame BpeMe BHIIe
300r CBOjUX JICKOBUTHX cBojcTaBa. [Toka3zaiio ce 1a uajeBH OCEYjy aHTHUOKCHUIATHBHE,
AHTUKAHIEpOreHe U aHTHMHUKPOOHe ocoOnHe. MMajyhu y BHIy J1a 4ajeBH TOKOM IIPO-
U3BOJLE HE MPOJIa3e KPo3 TEXHOJOIIKE ONepalije Koje moapa3yMeBajy AejcTBO BHCO-
KX TeMIIeparypa, OCTOj! BeJrKa MOryhHOCT KOHTaMHHAIH]E PA3IMIUTHM BpCTamMa
MHUKPOOpraHu3ama, moceOHo miecHuMa. [1ecHu Cy MUPOKO pacupoCTpameHE y IPH-
pO/IH, a BUXOBE CIIOpe ce MOry Hahu y aTMoc(epH Yak 1 Ha BEOMa BETUKHM BUCHHA-
Ma. [To1 TOBOJBHUM yCIIOBUMA TEMIIEPATyPEe U BIAYKHOCTH, INIECHU PACTY Ha MHOTHM
HaMUpPHHUIIAMA, Kao MITO Cy )KUTAPHIIC, yIbapHUIIe, je3rpOBUTO Bohe, IEKOBUTO OUJbE H
3agrHA. MHOre BPCTE IUIECHH CY MOTEHIIMjaHU MPOM3BOhaul MUKOTOKCHHA, LITO
MIPEICTaBIba BEIMK PU3UK IO JBYJICKO 3/IpaBJbe.

[{nsb oBoT paja je 6o 1a ce ucnuTa yKymaH Opoj IJIeCHH U Ja ce UICHTH(DUKY]Y
IIJICCHU M30JI0BaHE U3 YajeBa y puH(Y3H, U3 YajeBa TPETUPAHUX BPEIIOM, CTCPHITHOM
JIECTUIJIOBAHOM BOJIOM U U3 uuiTpara. VicnuTuBanu Cy 4ajeBu: HaHa, )kanduja, Xajayd-
Ka TpaBa, [PHH Yaj, YBUH 4aj, MATHYkaK 1 MEIIaBHHA 4aja ca 3iatudopa. Y yajeBuma
y puH(QY3H je yCTaHOBJbEHA BHCOKA KOHTAMHHAIUja PAa3JIMYUTHM BPCTaMa ILICCHU
(1,84-4,55 udy/r), kao mro cy 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 w Scopulariopsus brevucaulus.
HajppexkBenTHuje cy 6une Bpcte ponosa Aspergillus v Eurotium. TepMudku TpeT™Man
BPEJIOM CTEPHIIHOM JISCTHIIOBAHOM BOJIOM je peayKoBao Opoj ruiecHU. Aspergillus
awamori je OO0 HajOTIIOPHH]a BPCTA M TI0jJaBUO C€ Y IIECT y3opaka ¢uiaTpara 4aja,
Apergillus niger y jemaom u Penicillium chrysogenum taxole y jenHoM y30pKy ¢ui-
Tparta.
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AIR MYCOPOPULATIONS IN PETROVSKA KLOBASA
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ABSTRACT: Different types of filamentous fungi periodically cause problems in
small-scale facilities for traditional dry fermented sausages, such as Petrovskd klobdsa
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 — Petrovskad
klobasa. 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 -
ert etal., 2007). One of them is Petrovska klobdsa, produced in the area of
Backi Petrovac (Vojvodina Province, Serbia), in the traditional way, without
additives and starter cultures. Because of its specific and distinctive quality,
Petrovska klobdsa has been protected with Designation of Origin (PDO) ac-
cording to Serbian legislation (Petrovi¢ etal., 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 (Cheval-
lier 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 (Papagianni etal,2007, Veskovi¢-Moracanin
et al., 2009). Consumption of contamlnated 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 quahty,
organoleptlc characteristics and food safety (Skrinjar etal, 2010).

Only few studies have focused on mycobiota in the processing areas of
meat processing plants (Ismail etal., 1995; Andersen, 1995; Batti-
lani etal, 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 — Petrovska klobdasa. 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 Backi
Petrovac (Vojvodina Province, Serbia). Sampling of the air was carried out
during the production of Petrovska klobasa 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 Backi 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 chamb 2 A2
Backi Petrovac 6 A3
9 A-4

11 A-5

Ripening chamber 14 A-6
Kucura 34 A-7
65 A-8

65 A-9

Ripening chamber 90 A-10
An industrial facility in Novi Sad 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
25°C, the Petri dishes were inspected and the colonies were sub-cultured onto
agar plates according to Samson 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 25°C. The isolates were then
identified by their morphological characteristics, following the methods of
Ellis (1971), Nelson etal. (1983), Samson and Frisvad (2004) and
Samson etal. (2004).

RESULTS AND DISCUSSION

Results for total mould counts per Petri dish, isolated from air in Petro-
vska klobasa 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 Petrovskd klobdsa
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"
A2 Risening chamb 2 1.46 = 0.08
A-3 Bopi oo 6 1.31 +0.03
A-4 9 0.22+0.2

A-5 11 1.68 £ 0.04
A-6 Ripening chamber 14 1.34 £ 0.06
A-7 Kucura 34 1.53 £0.05
A-8 65 0.37+0.09
A-9 65 1.89 £0.02
A-10 Ripening chamber 90 094 +0.14
A-11 An industrial facility in Novi Sad 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 Serensen 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: 4. 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 Petrovskad klobdsa processing unit and ripening chambers

Day of . Isolated
Sample |Room sampling Species (%)
Aspergillus fumigatus 50
A-1 Processing unit 1 Pemczllzulm cﬁry sogernum 26
Scopulariopsis brevicaulis 14
Penicillium olsonii 10
Penicillium aurantiogriseum 69
A-2 2 Penicillium neoechinulatum 20
Penicillium glabrum 11
Penicillium aurantiogriseum 39
Ripening chamber Eurotium chevalieri 26
Backi Petrovac Eurotium herbariorum 21
A-3 6 ; .
Aspergillus caespitosus 10
Fusarium sporotrichioides 3
Penicillium olsonii 1
A-4 9 Penicillium janthinellum 100
A5 1 Penicillium aurantiogriseum 75
Penicillium chrysogenum 25
Penicillium aurantiogriseum 65
A-6 14 Penicillium chrysogenum 22
Penicillium velutinum 13
Ripening chamber Eurotiu.m herbar.iorum 70
AT Kucura 34 Aspergillus versicolor 20
Penicillium griseofulvum 6
Aspergillus caespitosus 4
Eurotium herbariorum 37
A-8 65 Penicillium aurantiogriseum 27
Aspergillus versicolor 20
Penicillium glabrum 16
Eurotium herbariorum 23
Cladosporium oxysporum 23
Penicillium brevicompactum 18
A-9 65 Penicillium solitum 15
Penicillium olsonii 13
Penicillium chrysogenum 5
o Aspergillus caespitosus 3
§Ip§n(11ng c.hzin;be{. Penicillium chrysogenum 43
A-10 . nl\}n p;tr(lia actlity 90 Penicillium camemberti 39
1 NOVL Sa Aspergillus versicolor 16
Penicillium corylophilum 2
Penicillium aurantiogriseum 58
A1l 120 Penicillium chrysogenum 42
Penicillium aurantiogriseum 42
A-12 217 Penicillium chrysogenum 33
Eurotium herbariorum 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 65" 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.
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Fig. 2 — Presence of different mould species in mycopopulations isolated
from air in Petrovska klobdsa 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 Petrovska klobasa
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
(Scholte etal., 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 Frisvad and Thrane (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
(Samson and Frisvad,2004; Marasas etal., 1984), (Table 4).
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Tab. 4 — Production of mycotoxin by fungi isolated from air in Petrovska klobdasa 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. Petrovska klobasa 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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[IJIECHU Y BA31YXY ITPOCTOPHJA 3A ITPOU3BOAKY U 3PEBE
IIETPOBAYKE KOBACHLIE

Mapwuja M. lIxpumap, Jbussana C. [lerpoBuh, Hesena T. brnarojes,
Bnagucnasa M. Illomo

Texnomnomku daxynrer, YHusepsuretr y Hosom Cany,
Bbynesap mapa Jlazapa 1, 21000 Hosu Can, CpOuja

Pe3unme

Paznuuute BpcTe (DUIAMEHTO3HHMX IJbMBA MEPHOJMYHO M3a3UBajy mpodiemMe y
MaJIMM ITOTOHMMA 32 IIPOU3BOIIGY TPAIUIIMOHATHIX CYBHX (DePMEHTHCAHUX KOOACH-
1a, Kao wto je Petrovskad klobasa n3 Bojsogune, Cpouja. /o KoHTaMUHAIH]e TJIECHU-
Ma MOJKE /IO TOKOM NPOM3BOIIGE, 3pEHba U CKIaauITeRha. KBap kobacuua ce Moxke
MaHN(eCTOBATH y BHY pPacTa KOJIOHH]a Ha IIOBPLIMHHA WK IPOMEHe yKyca. OHO wTo
j€ MHOT0 BaKHHj€ — YKOJIUKO Joh)e 10 MpoayKIKje MUKOTOKCHHA, MOXe JOhu 10 unTa-
BOI' HU3a 3ipaBCTBeHKX nopemehaja. [lo3HaBarbe U KOHTpOIIA (bHJIaMeHTo3HHx TJbUBa
Cy, CTOra, OJl BEJIMKOT 3Ha4aja P POU3BO/IBU K0OacHIa Koje 3a/10B0JbaBajy KpUTEPH-
JyMe XUTH]jeHCKOr KBaJINTETa, CCH30PHNX KapakTepucThka 1 0esbeanoctu xpane. Linsb
OBOT paja je Ko J1a ce UCIHTA TUITMYHA MUKO(IIOpa MAJIOT ITOrOHa 3a IIPOU3BO/IEGY CYBE
(depmentucane kobacuue Petrovskad klobasa. VicnuTtana je KOHTaMHHAIIM]ja Ba3ayxa y
MIPOHM3BOTHO] jeAMHHIIN U KOMOpaMa 3a 3pee, Y IIJbY JeTepMUHAIN]e TJbHBA 3HAYA)-
HUX ca aclleKTa KBapewa MPOU3BO/Ia H CIIOCOOHOCTH MPOAYKIIHje MUKOTOKCHHA.

KonTamuHammja Ba3ryxa IJIeCHIMA Y HCITUTAHO] TPOU3BOIHO] jEANHHIIN i KOMO-
pama 3a 3peme kpetaia ce ox 0.22 no 1.89 log CFU/P.d. 3010BaHe TUIeCHU CBpCTaHEe
cy mect ponosa: Aspergillus (3 Bpcre), Cladosporium (1 Bpcra), Eurotium (2 Bpcte),
Fusarium (1 Bpcta), Penicillium (12 Bpcta) u Scopulariopsis (1 Bpcta). Hajsactymibe-
HHuje Oune cy Bpcre poaa Penicillium, on Kojux cy MHOTE CIIOCOOHE Ja MPONYKY]jY
MHUKOTOKCHHE.

HuBo 1 pa3HOBpCHOCT KOHTAMHHAIIM]jE Ba3ayXxa Bapupaiu cy niMely yzopaxa,
0/ yTHLIA]eM OILITE XUTHjeHe, TPajIbe, IPOTOKA Ba3ayXa, CIIOJbAIlle CPEIHHE U TO-
Junimer qoda. OBa ca3Harba Cy OJ] BETHKOT 3Havaja 3a IM000JBIIAhe CHCTEMa KOHTPOJTE
XUTHjEHE Y MaJIUM ITPOU3BOIHUM TTOTOHUMA.
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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 ir¢nik 1988; Zvjagincev, 1999).
They play an important role in the mineralisation of organic substances and
maintenance of soil fertility. Many micromycete species are toxic (Bilai,
1989) since they produce antibiotics and phyto- and zootoxins (Bilai and
Pidoplic¢ko, 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.
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biodiversity of saprotrophic microorganisms (composition, structure, func-
tion) and an increase in the presence of pathogenic microorganisms, moulds
in particular (Islam et al., 2004; Duki¢ 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 (Litvin, 1990;
Hoog etal.,2000; Dukic¢ etal., 2011), depending on the state of the immune
system of the organism (Kurup and Schmitt, 1970; Marfenina,
1996, 2000). As yet, very little is known about the distribution of medically
important moulds in different soil types (Marfenina, 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 (Kurup and Schmitt, 1970; Hadayati etal., 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 1ndustr1—
alisation and urbanisation — 2100 m away from the PAP. Plot size was 25 m?.
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 cm?® 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 (Christensen, 1989).

The evaluation of the relative abundance of potentially pathogenic, al-
lergenic, and keratinolytic moulds was performed following the recommenda-
tionsof Hoo g etal. (2000)and Mc Ginnis (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 Marfenina (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 (Zdanova
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)

Soil plot distance from the Podgorica Aluminum Plant, m
Moulds isolated 100 300 500 700 900 Control
Ju1y|Oct. July|0ct. July|Oct. July | Oct. | July | Oct. | July | Oct.

Potentially pathogenic

Aspergillus fumigatus 21712157 ]|14] 8 9 2 9 1
Fusarium oxysporum S |12 3 8 -1 3 - 3 2 2 1 2
Paecilomyces variotii 9 |1 | 9 |10|S5 7 3 3 - 1 -
X 87 (13380 [11.0( 40| 8 [37 5013|4007 |24
Keratinolytic
Microsporum gypseum 4 113 ] 2 121 2 7 1 4 — 2 - 1
Trichophyton terrestre 511514 |13 - |11 |2 6 - | 2 1 2
Chrysosporium keratinophylum | 1 4 | - | 3 2 | - | 2 - 1 - | -
Ctenomyces serratus 2 3 — 2 1 1 — 1 - 1 - 1
X 30 (87 15]75|1.0]50(075(325| — | 1.5[0.25] 1.0
Allergenic (melaninogenic)
Alternaria alternata 7121171813176 | 11| -1]5]-/]2
Cladosporium herbarum 1119 6 6 3 7 2 71 -7 1 4
Trichocladium asperum spp. 6 (16| 6 | 11| 2 S5 2 2 2 3 - 2
X 1131157197 |11.7]160] 96 |33|67]07]50]|03]|27
14+
[0 | [
B Jul
104t ----rn- .- Yy il
@ October
IR e g e mamemaaan
ot - -
P I SRR
2
04

Control 100m 300m 500m 700m 900 m

Distance from the PAP, m

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 (Emons, 1951; Denton etal, 1961; Kurup,
Schmitt, 1970), most notably regarding the predominance of the species
Trichophyton terrestre and Microsporium gypseum.

Control 100m 300m 500m 700m 900 m

Distance from the PAP, m

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
Schata etal. (1989),Zdanova etal. (1994, Marfenina (1996, 2000),
Kul’ko and Marfenina (1998) and Domsch 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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Control 100m 300m 500m 700m 900 m

Distance from the PAP, m

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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[NOTEHIIMJAJIHO ITATOI'EHE, ITATOI'EHE U AJIEPI'EHE IIJIECHU
YPEAHUX 3EMJBUIITA

Jparytun A. Bykuh', Jleka I. Manauh', JTuauja Bosxapuh?, Bojana J. TpudyHosuh®,
Mapujana . Iemaxosuh®
! Arponomcku dakynrer, I{apa dymana 34, 32000 Yauak, Cpouja
? CriennjanucTuyka BeTepuHapceka nadoparopuja Iogropuna, Bynesap Ilopua
Bammunrrona 60, L{paa ['opa
3 I'pancka ynpasa 3a yp6auuszam rpana Yauka, Xynana Crpanumupa 2, 32000 Yauak,
Cpbwuja

* UnctutyT 3a Bohapetso, Kpaspa Ilerpa 19, 32000 Yauak, Cpbuja

Pe3ume

Panu npoyyaBama quHaMHKe OPOJHOCTH 36MJBUIIHMX IUIECHH, KOjeé MOTY KOM-
IIPOMHUTOBATH UMYHOJIOIIKH CUCTEM YOBEKa, ofadpaHe Cy OrjefHe napuesie Ha pasJiu-
yutoj ynassenoctu (100, 300, 500, 700, 900 m) o1 ocHOBHOT M3BOpa 3arahema — KAII
(KomOunat anymunanjyma [loaropumna). Y3opium 3eMJbuIITa CYy Y3UMaHU Y jyTy U OK-
ToOpy 2008. roguHe ca TpH pa3InyUTa MECTa OrJIeIHUX mapuesna Ha 1yonan 0—10 cm.
OnpehuBana je OPOJHOCT MOTEHIM]jATHO MATOI'CHUX, KEPATUHOIN3HUX U allEpreHnx
(MeTaHMHOT€HUX) TJIECHHU, IITO MOXe OUTH 3HAYajaH JIONPUHOC IUjarHOCTHIIN U TIPO-
¢bunakcu.

BpojHOCT MeIMIIMHCKH 3HaYajHUX TIECHHU 3HATHO je Beha y ypOaHoM, Hero y He-
3araljeHOM (KOHTPOIHOM) 3eMJBbHUINTY. EbrxoBa OpPOJHOCT ce TOTOBO 3aKOHOMEPHO CMa-
BHBaJIa ca ynajbeHourhy o ocHOBHOT n3Bopa 3aralema (KAI), nok je muxoBo yyenthe
y 3eMJBULITY OUJIO 3HATHO BUILIE Y jeceH Hero y npoiehe.
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Sci. Matica Srpska) publishes manuscripts and review articles as well as brief
communications from all scientific fields as referred to in the title of the jour-
nal. Review articles are published only when solicited by the editorial board
of the journal. Manuscripts that have already been published in extenso or in
parts or have been submitted for publication to other journal will not be ac-
cepted. The journal issues two numbers per year.

1.2. The manuscripts should be written in correct English language re-
garding the grammar and style. The manuscripts should be submitted elec-
tronically as a separate file to zmspn@maticasrpska.org.rs and enclosed with
the author’s written consent for the publishing of the manuscript.

1.3. Upon the reception of the manuscript, the author shall be assigned
with a manuscript code, which has to be referred to in any further correspond-
ence. The authors will be notified about the manuscript reception within sev-
en days and about the reviewers’ opinion within two months from submission.
All submitted manuscripts are reviewed and proofread.

2. Planning and preparing of the manuscript

2.1. Type the manuscripts electronically on A4 (21 x 29.5 cm) format
with 2.5 cm margins, first line indent, and 1.5 line spacing. When writing the
text, the authors should use Times New Roman size 12 font and when writing
the abstract, key words, summary, and footnotes use font size 10.

2.2. First name, middle initial and last name should be given for all au-
thors of the manuscript and their institutional affiliations, institution name,
and mailing address. In complex organizations, a full hierarchy should be
mentioned (e.g. University of Novi Sad, Faculty of Sciences — Department of
Biology and Ecology). The institution of employment of each author should be
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stated below the author’s name. The position and academic degrees should not
be cited. If there is more than one author, indicate separately institutional af-
filiation for each of the authors. Put the name and mailing address (postal or
e-mail address) of the author responsible for correspondence at the bottom of
the first page. If there is more than one author, write the address of only one
author, usually the first one.

2.3. Structure the text of the original articles into Abstract, Key Words,
Introduction, Material or Methods, or Material and Methods, Results or Re-
sults and Discussion, Discussion, Conclusion, References, Summary and Key
Words in Serbian language, and Acknowledgement (if there is one). Original
articles should not be longer than 10 pages, including the references, tables,
legends, and figures.

2.4. Titles should be informative and not longer than 10 words. It is in the
best interest of the authors and the journal to use words in titles suitable for
indexing and electronic searching of the article.

2.5. The authors should submit the title of the article with last name and
the initials of the first author.

(if the article has more than one author, et al. should be used for other
authors) and running title of not more than five words.

2.6. List up to 10 key words using words and phrases that describe the
content of the article in the best way and that allow indexing and electronic
searching of the paper. List the key words alphabetically and divided by com-
mas.

2.7. The Abstract in English language and Summary in Serbian language
should be a short and informative presentation of the article. Depending on
the length of the article, the Abstract may have from 100 to 250 words. Sum-
mary written in Serbian language can be 1/10 length of the article and should
contain the title of the article, first, middle initial, and last names of the au-
thors, authors’ institutional affiliation and address, and key words.

2.8. Write the information about financial support, advices, and other
forms of assistance, if necessary, at the end of the article under the Acknowl-
edgement. Financial support acknowledgement should contain the name and
the number of the project, i.e. the name of the program from which the article
originated, and the name of the institution that provided the financial support.
In case of other forms of assistance the author should submit the first name,
middle initial, last name, institutional affiliation, and the address of the per-
son providing the assistance or the full name and the address of the assisting
institution.

3. Structure the Review articles in Abstract, Key Words, Text of the man-
uscript, Conclusion, and References; submit Summary and Key Words in Ser-
bian language. Review articles should not be longer than 12 pages, including
references, tables, legends, and figures.

4. Write brief communication according to the instructions for original
articles but not be longer than five pages.
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5. References

5.1. List the References alphabetically. Examples:

(@) Articles from journals: Last name CD, Last name CD (2009): Title of the
article. Title of the journal (abbreviated form) 135: 122-129.

(b) Chapters in the book: Last name ED, Last name AS, Last name [P (2011):
Title of the pertinent part from the book. In: Last name CA, last name [F
(eds.), Title of the book, Vol.4, Publisher, City

(c) Books: Last name VG, Last name CS (2009): Title of the cited book.
Publisher, City

(d) Dissertations: Last name VA (2009): Title of the thesis. Doctoral disser-
tation, University, City

() Unpublished articles: designation “in press” should be used only for pa-
pers accepted for publishing. Unpublished articles should be cited in the
same way as published articles except that instead of journal volume and
page numbers should write “in press” information.

(f) Articles reported at scientific meetings and published in extenso or in a
summary form: Last name FR (2011): Proceedings, Name of the meet-
ing, Meeting organizers, Venue, Country, 24-29

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s 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
organization behind the website or the title to the author space.

5.2. References in the text should include author’s last name and the year
of publishing. When there are two authors both should be cited, but in case of
three or more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the
same year are cited, designate the publishing years with letters a, b, c, etc.,
both in text and reference list.

5.4. The names of the periodicals should be abbreviated according the
instructions in the Bibliographic Guide for Authors and Editors (BIOSIS,
Chemical Abstracts Service, and Engineering Index, Inc.).

5.5. Do not translate references to the language of the article. Write the
names of cited national periodicals in their original, shortened form. For ex-
ample, for the reference in Serbian language, put (Sr) at the end of the reference.

6. Units, names, abbreviations, and formulas

6.1. SI units of measurement (Systéme international d’unités) should be
used but when necessary use other officially accepted units.

6.2. Write the names of living organisms using /talics font style.

6.3. Abbreviated form of a term should be put into parenthesis after the
full name of the term first time it appears in the text.

6.4. Chemical formulas and complex equations should be drawn and pre-
pared for photographic reproduction.
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7. Figures

7.1. Authors may use black-and-white photographs and good quality
drawings.

7.2. A caption with the explanation should be put below each figure.

8. Tables

8.1. Type tables on separate sheet of papers and enclosed them at the end
of the manuscript.

8.2. Number the tables using Arabic numerals.

8.3. Above each table, write a capture with table explanation.

8.4. On the left margin, indicate the place of the tables in the text.

9. Electronic copy of the article

9.1. After the acceptance of the article, send a CD with final version of
the manuscript and a printed copy to facilitate technical processing of the text.
Articles should be written in Microsoft Word format and sent to the Editorial
office of the Matica Srpska Proceedings for Natural Sciences, Matica Srpska,
Matica Srpska Street, 21000 Novi Sad (Urednistvo Zbornika Matice srpske za
prirodne nauke, Matica srpska ul., 21000 Novi Sad).

9.2. Before printing, the manuscripts shall be sent to the authors for the
approval of final version. Corrections of the text prepared for printing should
be restricted to misspelling and printing errors as much as possible. For major
changes of the text, a fee will be charged. Corrected manuscript should be
returned to the Editorial office as soon as possible.

9.3. Authors are entitled to ten reprints.
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YIIVTCTBO AYTOPUMA

(www.maticasrpska.org.rs)

OBo ynytcTBo Baxku of 2012. rogune on 6poja yaconuca 122

1. Onre HanomeHe

1.1 36opuuk Marwuiie cpricke 3a npupoaHe Hayke / Matica Srpska Pro-
ceedings for Natural Sciences (ckpahenu nacnos: Proc. Nat. Sci. Matica Srpska)
00jaBJbyje OpruHaJIHE HAYYHE PaJIOBE U MpErJIeHe YJIaHKe Kao M KpaTKa ca-
OIIITEHa U3 CBUX 00JIaCTH Koje 00yxBaTa Ha3uB yaconuca. [Iperiennu pamo-
BHU ce 00jaBJbyjy caMO Ha 1Mo3uB penaknuje. Panosu koju cy Beh 00jaBibeH y
LEJIOCTH WJIH Y JISJIOBUMA WJIH CY TIOHYhEeHU IPyroM 4acOMmUCy HE MOTY OUTH
npuxBahenu. Yacornuc o0jaBibyje ABa Opoja TOMUIIE.

1.2. IIpuxBaTajy ce pyKOMHCH MMCAaHU HA EHTJIECKOM je3UKYy. Je3uk Mopa
OWTH UCIIPaBaH y TOIJIeAY TPaMaTHKe U CTHJIA. PYKOITUC ce IOCTaBIba €IeKTPOH-
CKOM TIOIIITOM Kao moce0aH JOKyMEHAT Ha ajpecy: zmspn@maticasrpska.org.rs,
y3 00aBe3Hy MOTIHCAHY M3jaBy ayTOpa Y BE3H ca MPUjaBOM pajia 3a IITAMITY.

1.3. Tlo mpumamy pykommca, ayTop he mobutn mudpy cBor paua, Kojy
Tpeba yBeK HaBOAMTHU Y JaJb0j MPENUCIH. YpeIHUIITBO he 06aBecTuTH ayTo-
pa o npucnehy pykornuca y poky o cefaM JaHa, a 0 MULLbCHY PELCH3eHATa
y POKY Of ZiBa Mecera of npujema. CBaku paj ce peleH3upa 1 JEKTOPHIIIE.

2. [Ipunpema pykomnuca

2.1. TexcT paza muiie ce eneKTpoHCKH Ha cTpanu A4 (21x29,5 cm), ¢ map-
ruHama of 2,5 cm, yBiauemeM IPBOI peAa HOBOT Iacyca, U pasMakoM mehy
penoBuMa 1,5. Tekcr Tpeda mucat y pouty Times New Roman clioBUMa BeJTH-
yuHe 12 a caxeTak, KJby4HE pPeuH, Pe3UME U MOJHOKHE HAIIOMEHE CII0BUMA
Benuuune 10 pt.

2.2. HaBoze ce ume, Cpele CI0BO M MPE3UME CBUX ayTopa paja Kao u
Ha3WB ycTaHOBe (0e3 ckpaheHuIa) y K0joj Cy ayTOpH 3aroClieHH, 3ajeTHO ca
IIYHOM IMOLITAHCKOM aJpecoM. Y CIIOKEHMM OpraHu3allijamMa HaBOJU Ce
yKyIlHa xujepapxuja (Ha npumep: Yuusepsuret y HoBom Cany, [Ipupoano-
MaTemMaTuuku (axynrer — JlemapTMaH 3a OHOJIOTHjy U €KOJIOTHjY). MecTo
3arociemha HaBOAM Ce HEMOCPEAHO UCTIO MMeHa ayTopa. DyHKkuMje u 3Bama

137



ayTopa ce He HaBojle. AKO je ayTopa BHILE, MOpa Ce, TOCEOHUM O3HaKaMa,
HA3HAYUTH U3 KOj€ O]l HaBEJICHNUX YCTAHOBA IMOTUYE CBAKH O] HABEJCHUX ay-
Topa. KoHTakT anpeca ayTopa (MOMITAHCKA WM €IEKTPOHCKA) Jlaje ce y Haro-
MEHH IIpH AHY IPBE CTPAaHUIE YJaHKA. AKO je ayTopa BHIIE, J1aje ce caMo
ajzpeca jeTHor, 0OMYHO TIPBOT ayTopa.

2.3. Pykonuc opruHajHOI Hay4yHOT pajia Tpeba nopenutu Ha: CaxeTak,
Kibyune peun, YBoa, Marepujan uiu Meron winn Matepujan u meton, Pe-
3yntatu uinu Pesynraru u quckycuja, Juckycuja, 3akipyuak, Jlureparypa,
Caxerak u KipyuHe peun Ha CPIICKOM je3UKy U 3aXBaITHOCT (YKOJIHKO 3a TO
noctoju norpeda). OpruHaIHN HAyYHH PaJOBU HE cMmejy Outu ayxu on 10
CTpaHa, yKJbyuyjyhu nureparypy, Tadbene, IereH e U CIUKe.

2.4. Hacnos pana tpeba ia Oyne I/IH(i)OpMaTI/IBaH, aJIv He JTy>KH Of AeCeT
peun. Y HHTpeCy je yacomuca ¥ ayTopa J1a ce KOPUCTE Peuu MPHKJIaJHe 3a
WHJIEKCUPAbE U TPETPAKUBAIBE.

2.5. Ayropu Tpeba na foctaBe U TeKyhu HacioB Koju Tpeba fa caapxKu
pesuMe 1 I/IHI/II_II/I_]aJ'Ie IPBOT ayTopa (aKo je ayTopa BUIIIE, IPEOCTATH CE 03-
HavaBajy ca “et al.”’) m HacioB pama y ckpaheHom 06nm<y, HE BHIIIE O MeT
peun.

2.6. 3a kJbyuHe peun Tpeda KOPUCTUTH TEPMUHE UITH (Ppaze Koje Haj0oIbe
OIUCY]y Ca/pikKaj YiIaHKa 3a MoTpede MHICKCHpama 1 IpeTpakuBama. bpoj
KJBy4HUX peun He Moxe Outh Behu on 10. Tpeba ux HaBecTH aberenHUM
PEIOM U OJIBOJUTH 3ape3uMa.

2.7. AnCTpaKT, Ha EHIJIECKOM U Pe3uMe Ha CpIICKOM, Tpeba Ja mpeacra-
BJbA KpaTak MHPOPMATUBHU MPUKA3 YWIaHKA. ATICTPAKT Y 3aBUCHOCTH O Y-
KWHe wiaHka Tpeba na uma o 100 mo 250 peuyn. Pesume Ha CPIICKOM je3UKY
Moxke Outu 10 1/10 ny>xune unanka u Tpeba aa caJap>kKu HaCcJIOB paja, UMEHa
ayTopa, Cpellibe CIOBO U MPE3MMEHa, HA3UB U MECTO y KOJUMa Cy ayTOpH 3a-
MIOCJICHU M KJBYyYHE PEYH.

2.8. Tlonatke o puHAHCH]CKO] OMONH, CaBETUMA U IPYTHM BPCTaMa 10~
MohH, YKOJIMKO 3a TO IIOCTOjU 1OTpeoda, Tpe6a HaBECTH Ha Kpajy pajia, IoJ Ha-
c1oBoM 3axBaHOCT. Y 3aXBaJHUIM 32 GPUHAHCH]CKY IOMON Tpeba HaBecTH
Ha3uB U Opoj MPOjeKTa, OTHOCHO HA3MB MPOrpaMa y OKBHPY KOjer je YIaHaK
HACTao0, Ka0 M Ha3WB MHCTHUTYIIH]E Koja je (PMHAHCUpaa MpojeKaT W Mpo-
rpam. Y cinydajy Ipyrux BUAoBa momohu Tpeda HABECTH UME, CPEAHE CIIOBO
U MIpe3uMe, YCTAHOBY M CEeJIMIITE JIMIIA KOje je mpy»kKajao nmoMoh, a ako je mo-
Moh npy>kaja ycTaHOBa IIyH Ha3UB U aJIpecy.

3. Ilpernennu pag Tpeda aa caapxku: AncrpakT, Kibyune peun, 3akiby-
yak, JIuteparypy, kao u Pesume u Kipyune peun Ha cprckom. [lpernenuu
pazoBu He cMejy OuTH 1y*xu on 12 cTpaHa, ykibyuyjyhu nurepatypy, Tadene,
JIETE€HJIE U CIIUKE.

4. KpaTko caonireme ce Muilie Mo YImyTCTBHUMa 3a OpruHajaH Hay4yHU
pan, anu He cMe fa Oyze Ay’Ke oIl 5 cTpaHa.
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5. JIuteparypa
5.1. JlutepaTypHe HaBoJe Tpeba CIOKUTH a0eIeTHUM peloM Ha cieaehu
HAYuH:

a. Ynannum n3 yaconuca: [Ipesume CD, IIpesume SP (2009): Hazus pana.
Nwme gaconuca (ckpahenun oomuk) 135: 122-129.

6. Ilornasma y kmusu: [Ipesume ED, Ilpesume AS, Ilpesume, IP (2011):
HacnoB nutupanor nena y kwusu. In: [Ipesume CA, Ilpesume IF (eds.),
Hasus kwure, Bon. 4, U3nasau, ['pan, 224-256.

B. Kmure: [Ipesume VG, Ilpesume CS (2009): HacnoB nutupane Kemure.
W3nasau, ['pan.

r. Hucepramuje: Ilpesume VA (2009): Hazus Te3e. JlokTopcka aucepra-
nyja, YHuBep3urer, [ pas.

1. Heo0jaBisenu pagosu: HaBoawm ,,y mrammu’” Tpeba a ce 0qHOCH caMo
Ha pazoBe npuxBaheHe 3a mramiy. Heo6jaBibeHu paioBu: HUTHPATH Ka0
Jia ce paau 0 00jaB/bEHOM pajly OCHM IITO C€ YMECTO BOJIyMEHa Yacouca
u Opoja cTpaHa HaBOJH ,,y IITaMIIN .

h. PagoBu caommTeHn Ha HAyYHUM CKYTIOBHMA IITAMITAHH Y TIEITUHE WUITU
y u3Bonay: IIpesume FR. (2011): 36opuuk, Hasus ckymna, Opranuzarop
ckyna, Mecrto onpxxaBamwa, [Ipxasa, 24-29.

e. Enexrponcku nzBopu:

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. Pedpepenie y TekeTy Tpeba Ja yKibyde MPe3HMe ayTopa U FOAUHY
u3nama. AKo UMa JiBa ayTopa, Tpebda HaBeCTH 000jHILy, a y CIydajy TPU WIH
BHUIIIE ayTopa Tpeda HABECTH MPBOT ayTopa U Ha3Ha4YuTH “et al.,”

5.3. AKO ce HaBOZAE JBa WJIM BHILIE PaI0BA UCTOT WIH HCTHX ayTopa,
00jaBJbEHUX y UCTOj TOJUHH, IOTPEOHO je Y TEKCTY M CHUCKY JUTepaType
CTaBWTH a, O, 1, UT/I. N3a TOJJMHE 00jaB/bUBAHA.

5.4. Imena yacomnuca tpeba ckpahuatu nmpema “Bibliographic Guide
for Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineer-
ings Index, Inc., ).

5.5. Pedpepenuie ce He npeBojie Ha je3uk paaa. HaciaoBu nutupanux ao-
Mahux Jacomuca J1ajy ce y OpuruHaiHoM, ckpaheHom oOuKy. Ako je pede-
pEHIIa HITp. Ha CPIICKOM je3WKY Ha Kpajy ce cTaBu (Sr).

6. Jenunuile, uMeHa, ckpahenuiie u popmyie

6.1. Tpeba xopuctutu SI o3Hake 3a jenunwuiie (SI Systeme International
d’Un.), u3y3eTHO ce MOTy KOPUCTUTH U ApyTe 3BaHUYHO MpruxBaheHe jeInHHLIE.

6.2. Ha3uBe »uBUX OprannszaMa Ha JJaTHHCKOM Tpeba MUCcaTH UTATUKOM.
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6.3. Ilpu kopumrhemwy ckpaheHuna y TekcTy, HyH TpeMUH TpeOa HaBECTH
IIPHITHKOM IIPBOT CIIOMHUIbatba, @ CKpalieHHILy JIOfATH y 3arpaj.

6.4. Xemujcke cTpyKTypHe (hopMyIie U CI0XKEHE jeJHaunHe Tpeba Halp-
TaTH U IPUTIPEMUTH 32 GOTOrpadcKy pernposyKIujy.

7. Unyctpanuje

7.1. 3a unycTpanmje Mory ce KOpUCTUTH LpHO Oele poTorpaduje u npre-
KU T0OpOT KBaJIUTETA.

7.2. CBaka mirycTpaiyja Tpeda 1a uMa TeKCT (JIeTeH1y) Koju o0jarmaBa
cajprkaj mpuiora. (UCIoOJ| CIIUKE).

8. TaGene

8.1. Tabene Tpeba KynaTu Ha OBOJEHUM CTpaHUIIAMa M TIPUIIOKUTH UX
Ha Kpajy paja.

8.2. Tabene ce o3HauaBajy apanckum OpojeBUMA.

8.3. Caka Tabemna Tpeba 1a MoYHE HACIOBOM KOjH 00jalimkaBa BbeH cajip-
xaj (n3Hax Tabee).

8.4. Mecta Tabena y TekcTy Tpeba 03HAUYMTH Ha JIEBO] MAPTUHH.

9. Konnja paga y eneKTpoHCKOj] popMu

9.1. TTociie mpuxBaTama pajsa noTpedHo je noctaButu CD ca KOHAYHOM
Bep3ujoM pana. [IpriiokuTu u jeHy KOMujy OAIITaMIIaHOT pajia paau JaKIie
TexHU4Ke oopaze. Pykomnuc Tpeba cinatu Ha ajgpecy: YpeaHumTBo 300pHHUKa
Marune cpricke 3a npupoaHe Hayke, MaTuia cprcka, Yia. MaTuiie cpricke,
21000 HoBu Can. Pykonucu ce masmy y Word dopmary.

9.2. Ilpe ymacka paja y mTaMIry ayTOPUMa Ce JOCTaBJba PyKOITHC 3a KO-
HauHy peBu3ujy. McnpaBibame TekcTa IPUIPEMIbEHOT 3a IITaMIly Tpeda op-
TaHWYUTH Ha IITaMIapcKe Tpelke. 3HayajHe npomeHe Tekcra he ce Hammahu-
Batu. Kopuroanu Tekct Tpeda BpaTUTH YPEIHUINTBY y Hajkpahem Moryhem
POKY.

9.3. Aytopu no6wujajy 10 OecrmaTHuX MpuMepaka cernapara.
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