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Summary

Th e eff ect of newly synthesized derivative of 11-hydroxy-7-imino-7H-7a, 12-diazabenzo/α/anthracen-
6-one, on growth and afl atoxin B1 and G1 (AFB1 and AFG1) accumulation by toxigenic mould 
Aspergillus fl avus ATCC 26949 was studied on a solid substrate (maize grains) to determine the 
possible use of this compound as a mean of controlling afl atoxin accumulation. Experiments were 
carried out in a stationary culture at temperature of 28oC during 21 days. Th e growth of mould was 
monitored by measuring the analysis of chitin as glucosamine, as a criterion, and concentration of 
AFB1 and AFG1 was measured by HPLC method using Hewlett-Packard instrument with fl ourescence 
detector. Concentration of investigated coumarine of 0.05 mmol x g-1 stimulated mould growth and 
afl atoxin accumulation, but concentration of 0.2 mmol x g-1 or higher produced an inhibitory eff ect. 
In the presence of 0.2 and 0.5 mmol x g-1 of this compound, mould growth was decreased by 22% 
and 65%, respectively. Concentration of AFB1 in these investigations was reduced by 30% and 90%, 
and concentration of AFG1 was reduced almost completely in respect to values obtained in control 
experiments. In experiments with 2.0 mmol x g-1 of this inhibitor no synthesis of both investigated 
afl atoxins was found in the sample although small increment of biomass was detected.
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Introduction
Foods and feeds are frequently contaminated with moulds 

during harvesting, storage and handling before reaching the 
consumer. 

Many of these ubiquitous moulds have been shown to pro-
duce toxins. Th e presence of known toxin-producing moulds 
does not necessarily indicate the presence of mycotoxins, nor 
does the lack of a mould indicate that the sample has not been 
contaminated with a mycotoxin. Some moulds produce toxins 
under restricted conditions and only particular strains of some 
species produce toxins (Pittet, 1998).

Among the fungal toxins associated with human and animal 
food materials are included several derivatives of coumarin that 
avoke varied pharmacological and physiological responses in 
the animal body. Afl atoxins are toxic, highly carcinogenic sec-
ondary metabolites produced by the fungal genera Aspergillus, 
Penicillium and Rhizopus (Goldblatt, 1969; Brown et al., 1999; 
Dorner et al., 1999; Wu, 2004; Binder, 2007). AFB1 has been as-
sociated with certain mycotoxicoses including turkey “X” disease 
and chronic exposure to low levels of this toxin pose a serious 
health and economic hazard (Diener et al., 1987; Karlowsky, 
1999; Th ompson and Henke, 2000; CAST Report, 2003).

To prevent afl atoxin formation in agricultural commodities 
it is fi rst necessary to prevent the growth afl atoxin producing 
fungi (Windham et al., 1999; Wright et al., 2000; Schatzmayr 
et al., 2006). Th is can be achieved by at least three means: con-
trol of the environment, use of chemical antifungal agents and 
utilization of natural resistance in agricultural commodities 
(Duraković et al., 1985; Sušac et al., 1989; Samarajeva et al., 
1990; Praxton, 1991; Gourama and Bullerman, 1995; Cho and 
Kang, 2000; Wright et al., 2000; Delaš et al., 2008a, 2008b, 2008c; 
Duraković et al., 2008). During the past 40 years there has been 
increasing interest in the identifi cation of naturally occurring 
or newly synthesized chemical compounds that inhibit growth 
and/or afl atoxin production by afl atoxigenic species (Hitokoto 
et al., 1980; Duraković et al., 1985; Sušac et al., 1989; Duraković 
et al., 2006; Duraković, 2007; Duraković et al., 2007; Duraković 
et al., 2008; Duraković et al., 2010).

Preliminary studies in Laboratory of Microbiology, Faculty of 
Food Technology and Biotechnology, Zagreb, had indicated the 
effi  cacy of such derivatives of coumarine as the inhibitors of the 
growth afl atoxin-producing fungi (Sušac et al., 1989; Duraković 
et al., 2006; Delaš et al., 2008a, 2008b, 2008c). Th is was the basis 
of our study, which aimed at evaluating the mould growth and 
afl atoxin accumulation during the growth of A. fl avus ATCC 
26949 on maize in the presence of newly synthesized derivative 
of coumarine (Duraković, 2007; Duraković et al., 2007; Delaš 
et al., 2008a).

Materials and methods
Culture and inoculum. Aspergillus fl avus ATCC 26949 strain 

was obtained from the USDA Fermentation Laboratory Northern 
Regional Research Center, Peoria, IL. Th e cultures were main-
tained on slants of potato dextrose agar (PDA) stored at 4oC. 
Before each experiment, the mould was transferred to another 
PDA slant and was incubated at ambient temperature.

Th e inoculum for all experiments was prepared by growing 
A. fl avus on PDA in 100 x 15 mm Petri dishes for seven days at 
28oC until it was well sporulated. Contents of two Petri dishes, 
including agar and fungus, were homogenized in 50 mL ster-
ile water with a Poter homogenizer for 1-2 minutes. Th e culture 
was shaken vigorously for 1-2 minutes, and spore number was 
determined using a Th oma counting chamber. Th e spore sus-
pension was diluted to 5 x 108 conidia x mL-1.

Assay of antifungal activity. Th e antifungal activity of inves-
tigated coumarine was assayed using two techniques as follows:
a) Standard assay: 1 mL of the spore suspension of A. fl avus 

ATCC 26949 was used to seed the Petri dishes, prepared 
by pouring 20 mL of PDA. Agar medium was poured into 
dishes, and the content of the dish mixed well. Aft er allow-
ing the agar to solidify, dishes were prepared using a ster-
ile glass tube and pipette bulb. Th e various concentrations 
of investigated coumarine were then added to the dishes in 
appropriate quantities in triplicate. In each case, a separate 
dish with pure solvent was employed as a control. Th e di-
ameter of zone inhibition was measured aft er incubation of 
48 hours at temperature of 25oC.

b) Assay in fl ask cultures: Th e studies of afl atoxin accumula-
tion by A. fl avus were carried out in duplicate in Erlenmeyer 
fl asks contained 50 g of maize grains. Th e water content in 
the substrate was adjusted by adding appropriate amounts of 
distilled water to the samples to quantity of 40%. Substrates 
were autoclaved and then inoculated with 1 mL of the spore 
suspension containing 5 x 108 conidia x mL-1 of A. fl avus. 
On the basis of preliminary information obtained from the 
dishes assay, appropriate quantities of various concentrations 
of coumarine were added in triplicate to the fl asks containing 
maize grains and spores. Th e fl asks were kept for 24 hours 
with thorough agitation so that the coumarine could be ab-
sorbed by grains. Flasks not containing coumarine served 
as a control. Flasks were incubated at 25oC for 15 days. A 
method of measuring the degree of fungal invasion on corn 
was analysis of chitin, measured as glucosamine (Donald 
and Mirocha, 1977).
Substrate for mould growth and afl atoxin accumulation. Th e 

basal substrate used in this study was whole maize grains (ZG-SK 
502A hybrid). Fift y grams of grains were distributed in each 300 
mL Erlenmeyer fl asks. Sterile distilled water (about 22 mL x 50 
g-1) was added to achieve moisture content of 40%. Th e investi-
gated coumarine was synthesized in the Laboratory of Organic 
Chemistry of Faculty of Food Technology and Biotechnology 
in Zagreb, and was dissolved in dimethylsulfoxide (DMSO) + 
water (1 : 1 w/w) at 1.0 mol x L-1 concentration. Its structure is 
shown in Figure 1.

A method for the synthesis of this compound is described by 
Govori et al., 2002 and Chen et al., 2010. Th e required amounts 
of this solution to give 0.05; 0.2; 0.5; 1.0 and 2.0 mmol x g-1 of 
broth were pipetted into test Erlenmeyer fl asks. Control test 
fl asks and duplicate test fl asks containing the various concen-
trations of coumarine were inoculated with 1.0 mL of the spore 
suspension. All the fl asks were incubated at 28oC for 21 days.

Measurement of fungal growth. Every seven days control 
fl ask and duplicate test fl asks were taken out of the incubator as 
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samples for the determination of the amount of biomass and the 
AFB1 and AFG1 accumulation. Th e substrates were autoclaved at 
121oC for 30 minutes before analysis to kill the spores and veg-
etative mycelia. Th e growth of A. fl avus was monitored by using 
the analysis of chitin measured as glucosamine, as a criterion 
(Donald and Mirocha, 1977). Chitin, a polymer of N-acetyl-D-
glucosamine, is a constituent of the cell walls of most fungi and 
can be used as a measure of total fungal growth, since little or no 
chitin-like materials occur in sound cereal grains. In the ana-
lytical devises, the polymer is not measured directly but rather 
is hydrolysed to glucosamine, deaminated to its correspond-
ing aldehyde and measured spectrophotometrically. Th e chitin 
content is estimated from the standard curve of glucosamine-
HCl read at 650 nm.

On the basis of the data obtained, the calibration curve was 
made, from which was, according to the chitin content, directly 
determined amount of biomass dry weight (Duraković, 1981).

Th e percentage inhibition of mould growth was determined 
according to the formula:

% inhibition = (1 - 
2

1

m
m

) x 100 

m1 = biomass dry weight in fl ask containing inhibitor 
(mg x g-1) 
m2 = biomass dry weight in control fl ask (mg x g-1)
Afl atoxin assay. Th e afl atoxins were extracted from samples 

with chloroform as described by AOAC, 2005. Th e chloroform 
was evaporated under nitrogen gas, the samples were dissolved 
in methanol and fi ltered through 0.25 μm organic solvent fi lter 
(Millipore Co., Bedford, Mass., USA) prior High Performance 
Liquid Chromatography (HPLC).

To confi rm the identity of afl atoxins Th in Layer Chromato-
graphy (TLC) was used. Silica gel precoated plates (250 μm thick; 
Merck, Darmstadt, Germany) were activated at 115oC for one hour 
before use. TLC plates were developed in chloroform : acetone 
: petroleum ether (33 : 6 : 1) (modifi ed Duraković et al., 1985), 
where aft er they were examined by comparing the Rf values of 
a known standards to the unknown samples under UV light at 
365 nm. Afl atoxin primary standards to check the linearity were 
provided by Carl Roth (Karlsruhe, Germany). Six milliliter vial 
of methanol solution with the following specifi cation: 250 ng x 
mL-1 of AFB1 and 250 ng x mL-1 of AFG1. Working standard so-
lutions of 0.25 and 0.125 ng x mL-1 of each afl atoxin (AFB1 and 
AFG1) were prepared by diluting the primary standard solution 
with methanol-acetonitrile (1 : 1 v/v).

HPLC analysis was performed by using a Hewlett-Packard 
1050 Liquid Chromatography (pump and injection system), 
(Walborn, Germany) with JASCO FP-920 fl uorescence detector 
(Co. Ltd., Japan) and HP integrator 3395. Th e HPLC column was 
C18 Nova-Pak (4.6 x 250 mm) with particle size of 5 μm (Waters, 
Millipore; Millford, MA). Detection of afl atoxins was carried out 
at lambdaex 360 nm and lambdaem 420 nm. For afl atoxins the 
fl uorescence detector was set at 360 and 420 nm and the mobile 
phase consisted of a mixture of deionised water-acetonitrile-
methanol (60 : 25 : 15 v/v). Th e fl ow rate was 1 mL x min-1 for 
each mobile phase and the injected volume of working stand-
ards was 50 μL.

Th e change of afl atoxin mass fraction (%) is determined ac-
cording to the formula:

concentration change = ( 1 - 
2

1

Y
Y

 ) x 100  

Y1 = mass fraction of afl atoxin in substrate containing in-
hibitor (μg x g-1)
Y2 = mass fraction of afl atoxin in control substrate (μg x g-1)

Results and discussion
Th e infl uence of investigated coumarine on the growth of 

the mould A. fl avus ATCC 26949 and afl atoxin accumulation 
are indicated in Table 1 and Figure 2.

Mould growth and AFB1 and AFG1 accumulation were ob-
served for 21 days at temperature of 28oC aft er inoculation of 
A. fl avus on whole maize grains. According to previous fi nd-
ings (Gourama and Bullerman, 1995; Wicklow et al., 1998; 
Weinderbörner, 2001) the optimal temperature for the biosyn-
thesis of AFB1 is 28-32oC, whereas for AFG1 it is 24-28oC.

Th e increased interest in biopreservation of food system has 
recently led to the development of new synthesized antimicro-
bial compounds having diff erent origins. A variety of chemical 
compounds to prevent spoilage by moulds and biosynthesis of 
mycotoxins have been investigated. Th ese include herbs, spices, 
essential oils, pesticides, microbial metabolites (bacteriocins and 
organic acids) and/or by adding fungal inhibitors such as propi-
onic acid, newly synthesized derivatives of dehydroacetic acid, 
tetraketone and coumarine (Sušac et al., 1989; Samarajeva et al., 
1990; Wilkins and Board, 1991; Duraković et al., 1994; Duraković 
et al., 1995; Basappa and Shantha, 1996; Georgopapadakou, 1998; 
Duraković et al., 1999; Cho and Kang, 2000; Lavermicocca et 
al., 2003; CODEX: CAC/RCP 51-2003, 2005; Duraković et al., 
2004; Duraković et al., 2006; Duraković, 2007; Delaš et al., 2008a; 
Parameshwarappa et al., 2009).

Th us Bullerman et al. (1977) investigated the antifungal 
properties of cinnamon in media and raisin bread. Th ey re-
ported the spice to inhibit the growth of Aspergillus parasiticus 
and afl atoxin production; toxin production being inhibited to 
a greater extent than mycelial growth. Research by Sušac et al. 

Figure 1. Structure of investigated coumarine ( Sušac et al., 
1989; Govori et al., 2002; Duraković et al., 2006; Duraković, 
2007).
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(1989) and Duraković et al. (2006., 2007) on A. parasiticus NRRL 
2999 and A. fl avus ATCC 26949 in maize shows that some new 
synthesized derivatives of coumarine possess an eff ective anti-
fungal and antimycotoxigenic properties. Our previous results 
demonstrate clearly that mould growth and afl atoxin accumula-
tion were partially stimulated by amounts of investigated tetra-
ketone and coumarine derivatives near the minimal inhibitory 
concentrations (Duraković et al., 1995, 2006).

Table 1 and Figure 2 show the results of growth of mould 
Aspergillus fl avus ATCC 26949 on maize grains at incubation 
temperature of 28oC in the presence of diff erent concentrations 
of investigated coumarine. Duraković et al. (2006) investigated 
the antifungal and antiafl atoxigenic properties of some newly 
synthesized derivatives of coumarine during the growth of mould 
Aspergillus parasiticus NRRL 2999 in YES medium.

Results obtained in our study confi rmed that one of selected 
and investigated coumarines is an eff ective inhibitor of synthe-
sis of biomass and accumulation of AFB1 and AFG1 during the 
growth of mould Aspergillus fl avus ATCC 26949 on maize grains.

In control experiments the greatest amount of biomass ob-
tained aft er 21 days during the growth of mould culture was 
47.50 mg x g-1 of substrate. Th e concentration of AFB1 reached 
peak values aft er 14 days and AFG1 aft er 21 days. Maximum con-
centrations of investigated toxins amounted to: 1560 μg AFB1 
x g-1 mycelium dry weight, and 185.0 μg AFG1 x g-1 mycelium 
dry weight (Table 1).

Th e eff ect of increasing concentration of investigated inhibi-
tor on the growth of mould A. fl avus and afl atoxin accumula-
tion were evaluated. Concentration of coumarine of 0.05 μg x 
g-1 of maize grains produced no inhibitory eff ect, even stimu-

Coumarine 
(mmol x g-1) 

Incubation time 
(days) 

Biomass dry weight 
(mg x g-1) 

Aflatoxin (μg x g-1) %Inhibitiona100 

   B1 G1 Growth Aflatoxin 
      B1 G1 
0 7 27.80 640.0 65.0 – – – 
 14 30.0 1560 105.0 – – – 
 21 47.50 1000 185.0 – – – 
0.05 7 28.30 720.0 80.0 
 14 34.0 1850 130.0 

Mould growth and accumulation of aflatoxins 
were stimulated 

 21 52.0 1050 190.0    
1.0 7 9.60 c_ c_ 65.0 c_ c_ 
 14 12.40 170.0 c_ 60.0 90.0 c_ 
 21 14.20 65.0 c_ 70.0 95.0 c_ 
2.0 7 b_ c_ c_ c_ c_ c_ 
 14 b_ c_ c_ c_ c_ c_ 
 21 5.70 c_ c_ 99.88 c_ c_ 

a100 – (test culture/control culture x 100); b_ - No detectable growth: c_ - No detectable aflatoxin 

Table 1. Eff ect of investigated coumarine on growth and afl atoxin accumulation by Aspergillus fl avus ATCC 26949
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Figure 2. (a, b and c) Comparative presentation of biomass and synthesis of aflatoxins during the growth of mould Aspergillus 
flavus ATCC 26949 in: a) control; b) samples with 0.2 mmol x g-1 and c) samples with 0.5 mmol x g-1 of investigated coumarine. 
Cultures were cultivated on maize grains at 28 oC for 21 days, and each point represents the average of two samples.
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lated mould growth and afl atoxin accumulation (Table 1). Aft er 
21 days of incubation biomass dry weight was higher ca 5% as 
compared in control, and AFB1 and AFG1 were higher 12% and 
18.5%, respectively. At a concentration of 0.2 mmol x g-1 in 50 g 
of maize grains, the growth of the mould was reduced by 22% as 
compared with control and concentration of afl atoxin B1 was re-
duced by 30%. Aft er 21 days of cultivation no synthesis of AFG1 
could have been detected (Figure 2b). Th e biomass content in 
experiments with 0.5 mmol x g-1 of investigated coumarine was 
lessened. Th e highest values obtained aft er 21 days were reduced 
by 65% as compared in control (Figure 2c). In these experiments 
the concentration of AFB1 aft er 14 days was considerably lower, 
and no synthesis of AFG1 could have been detected. Th e highest 
concentration of AFB1 was 54.0 μg x g-1 of mycelium dry weight, 
i.e. about 90% lower than in experiments with 0.2 mmol x g-1 
of this compound.

In experiments with 1.0 mmol x g-1 of coumarine no syn-
thesis of both afl atoxins were found in the samples aft er seven 
days of cultivation although biomass content was 9.6 mg x g-1 
of substrate. Aft er 14 and 21 days the biomass content was 12.4 
and 14.2 mg x g-1 of substrate, respectively. Concentration of 
AFB1 was 170.0 and 65.0 μg x g-1 of substrate and no synthesis 
of AFG1 could have been detected (Table 1).

In experiments with 2.0 mmol x g-1 of this compound there 
was no synthesis neither biomass nor both afl atoxins aft er seven 
and 14 days of cultivation. Aft er 21 days of cultivation small in-
crement of biomass was detected, and no accumulation of both 
investigated afl atoxins (Table 1)

Th e data obtained in these investigations are standing in good 
accordance with the fi ndings of several authors (Sušac et al., 1989; 
Duraković et al., 2006; Duraković, 2007; Parameshwarappa et 
al., 2009; Roussaki et al., 2010; Tamura et al., 2010) who have 
shown that some coumarines strongly inhibit growth of tox-
igenous moulds and biosynthesis of mycotoxins as afl atoxins.

Our results confi rmed that selected investigated coumarine 
is an eff ective inhibitor of synthesis of biomass and afl atoxin 
accumulation in maize contaminated with toxigenous mould 
Aspergillus fl avus ATCC 26949.

Conclusions
Th e purpose of this study was to examine the eff ective-

ness of newly synthesized derivative of coumarine for the con-
trol of growth of toxigenous mould Aspergillus fl avus ATCC 
26949 and afl atoxin accumulation on maize grain ZG-SK 502A 
hybrid. Using diff erent concentrations we found that application 
of investigated coumarine prior to storage may be a potential 
means of preventing the growth and afl atoxin accumulation by 
Aspergillus fl avus ATCC 26949 in the maize grain. Studies are 
now being conducted to evaluate the coumarine as antifungal 
and antimycotoxigenic agent.

Th ese data indicate that on maize grain and under certain 
conditions, investigated coumarine may provide some antifun-
gal and antimycotoxigenic benefi t, and thus health protection 
against possible afl atoxin accumulation. Further investigations 
on maize grain hybrids might be useful to study the eff ective-
ness of coumarine on growth and afl atoxin accumulation during 

the growth of toxigenous mould Aspergillus fl avus in control-
ling parameters of cultivation.

References
AOAC International (2005). Offi  cial Methods of Analysis of AOAC 

International. In: W. Horwitz (ed.), 18th edition, Arlington, Va.
Basappa S.C., Shantha T. (1996). Methods for detoxifi cation of 

afl atoxin in foods and feeds – a critical appraisal. Journal of 
Food Science 33(2): 95-107.

Binder E.M. (2007). Managing the risk of mycotoxins in modern 
feed production. Animal Feed Science and Technology 133: 
149-166.

Brown R.L., Chen Z.Y., Cleveland T.E., Russin J.S. (1999). Advances 
in the development of host resistance in corn to afl atoxin 
contamination by Aspergillus fl avus. Phytopathology 89(2): 
113-117.

Bullerman L.B., Liew F.Y., Seier S.A. (1977). Inhibition of growth 
and afl atoxin production by cinnamon and clove oils, cinnamic 
aldehyde and eugenol. Journal of Food Science Chicago 42(6): 
1107-1109.

CAST Report (2003). Mycotoxins, risk in plant, animal and 
human systems. In: J.L. Richard, G.A. Payne (eds.), Council of 
Agricultural Science and Technology Task Force, Report No. 
139, Ames, Iowa, USA, ISBN 1-887383-22-0.

Chen X.L., Zhou Y.D., Qu L.B., Liu X.Q., Yuan J.W., Zhao Y.F. 
(2010). Synthesis of Novel Coumarin-7,8-cyclophosphoramide 
Analogs. Synthetic Communications 40(13): 1992-1997.

Cho J., Kang G. (2000). Control of afl atoxin B1 production of 
Aspergillus parasiticus using antagonistic microorganisms and 
its applications in Meju. Food Science and Biotechnology 9: 
151-156.

CODEX: CAC/RCP (51-2003, 2005). Code of practice for prevention 
and reduction of mycotoxin contamination in cereals. 
http://www.ipfsaph.org/eds_upload/kopool_data/codex_0/
en_exc/051e_pdf. 

Delaš F., Duraković S., Sviben I.A., Martinko S., Markov K., 
Duraković L., Čvek D. (2008a). Antifungal Activity of 
Coumarin. In: D. Ćurić (ed.). Proceedings of the Joint 4th 
Central European Congress on Food and 6th Croatian Congress 
of Food Technologists, Biotechnologists and Nutritionists, 
CEFood, Vol. 2., Cavtat, Croatia, pp 397-401.

Delaš F., Duraković S., Sviben I.A., Martinko S., Markov K., 
Duraković L., Čvek D. (2008b). Antifungal Activity of 
Coumarin. Book of Abstracts of the Joint 4th Central European 
Congress on Food and 6th Croatian Congress of Food 
Technologists, Biotechnologists and Nutritionists, CEFood, 
Cavtat, Croatia, p 221.

Delaš F., Markov K., Duraković L., Čvek D. (2008c). Inhibition of 
Aspergillus fl avus culture growth and afl atoxin accumulation in 
vitro by coumarin derivative. Book of Abstracts of 14th World 
Congress of Food Science & Technology, Shanghai, China, p 63.

Diener U.L., Cole R.J., Sanders T.H., Payne G.A., Lee L.S., Klich 
M.A. (1987). Epidemiology of afl atoxin formation by Aspergillus 
fl avus. Annual Review of Phytopathology 25: 249-270.

Donald W., Mirocha C.J. (1977). Chitin as a measure of fungal 
growth in stored corn and soybean seed. Cereal Chemistry 64: 
466-474.

Dorner J.W., Cole J.R., Wicklow D.T. (1999). Afl atoxin reduction in 
corn through fi eld application of competitive fungi. Jornal of 
Food Protection 62(6): 650-656.

Duraković L., Petrović Z., Radić B., Duraković S. (1999). Antifungal 
and Antimycotoxigenic Properties of Newly Synthesized 
Derivatives of Tetraketone. Kemija u Industriji 48(4): 139-144.



Agric. conspec. sci. Vol. 75 (2010) No. 4

174 Lejla DURAKOVIĆ, Mihaela BLAŽINKOV, Branka ŠEOL, Alma TUDIĆ, Frane DELAŠ, Marijan BOŠNJAK, Sanja SIKORA, 
Andrea SKELIN, Katarina HUIĆ-BABIĆ, Zijad DURAKOVIĆ

Duraković L., Delaš F., Markov K., Duraković S. (2004). Growth 
and Biosynthesis of Afl atoxin in the Presence of Newly 
Synthesized Analogues of Dehydroacetic Acid. In: D. Karlović 
(ed.). Proceedings of the 5th Croatian Congress of Food 
Technologists, Biotechnologists and Nutritionists, 2nd Central 
European Meeting, Opatija, Croatia, pp 366-370.

Duraković L. (2007). Th e infl uence of chosen parameters on the 
growth of the mold Aspergillus fl avus ATCC 26949 in mixed 
culture and biosynthesis of afl atoxins B1 and G1. Ph.D. thesis, 
Faculty of Food Technology and Biotechnology, University of 
Zagreb.

Duraković L., Delaš F., Glancer-Šoljan M., Berković K., Čvek D., 
Markov K. (2007). Inhibition of afl atoxin accumulation by 
newly synthesized analogues of coumarine in Aspergillus fl avus 
strains. Book of Abstracts of Central European Symposium 
of Industrial Microbiology and Microbial Ecology, Power of 
Microbes in Industry and Environment with International 
Participation, Zadar, Croatia, p 74.

Duraković L., Delaš F., Blažinkov M., Šećerkadić L., Frece J., 
Redžepović S., Bošnjak M., Skelin A., Duraković Z., Duraković 
S. (2010). Afl atoxin Accumulation During the Growth of Mould 
Aspergillus fl avus ATCC 26949 on Corn in Pure and Mixed 
Culture as Related to Various Temperature and Moisture 
Content. Croatian Journal of Food Technology, Biotechnology 
and Nutrition 5(1-2): 10-17.

Duraković S. (1981). Th e infl uence of mixed mould cultures from 
the crops surface on biosynthesis of afl atoxins with mould 
Aspergillus parasiticus NRRL 2999. Ph.D. thesis, Technical 
Faculty, University of Zagreb.

Duraković S., Duraković Z., Beritić T., Radić B., Lalić Lj., Delaš F. 
(1985). Biosynthesis of afl atoxins by Aspergillus parasiticus on 
roasted coff ee beans. Periodicum Biologorum 87: 503-510.

Duraković S., Sušnik I., Golem F.V., Duraković Z., Beritić T., Radić 
B., Filipović-Kovačević Ž., Pavlaković Z. (1994). Dehydroacetic 
Acid and the Newly Synthesized Schiff  Base to Control 
Afl atoxin Accumulation. Kemija u Industriji 43(1): 7-12.

Duraković S., Pavlaković Z., Filipović-Kovačević Ž., Duraković L., 
Šarac-Arneri R., Lalić Lj.M., Colić I. (1995). Antifungal and 
Antimycotoxigenic Properties of Newly Synthesized Derivatives 
of Tetraketone. In: G. Sontag (ed.). Proceedings of the Eight 
European Conference on Food Chemistry, EURO FOOD CHEM 
VIII, Vol. 2., Vienna, Austria, pp 320-323.

Duraković S., Delaš F., Govori S., Kaljaj V., Rapić V., Kaljaj L., Halt 
M., Duraković L. (2006). Antifungal and antimycotoxigenic 
properties of newly synthesized derivatives of coumarine. Book 
of Abstracts of 2nd International Scientifi c Congress Food 
Sciences and Food Biotechnology in Developing Countries, 
Saltillo, Mexico, p 37.

Duraković S., Duraković L., Vahčić N., Skelin A., Duraković 
Z. (2008). Aff ect of moulds growth in mixed cultures on 
production of afl atoxins on maize hybrid. Cereal Research 
Communications 36(Part 3, Supplement 5): 1615-1618.

Georgopapadakou N.H. (1998). Antifungals: mechanism of action 
and resistance, established and novel drugs. Current Opinion in 
Microbiology 1: 547-557.

Goldblatt L.A. (1969). Afl atoxin. Scientifi c Background, Control and 
Implications. L.A. Goldblatt (ed.), Academic Press, New York 
and London, 1-54.

Gourama H., Bullerman L.B. (1995). Aspergillus fl avus and 
Aspergillus parasiticus: Afl atoxigenic fungi of concern in foods 
and feeds: A review. Jornal of Food Protection 59: 1395-1404.

Govori S., Kaljaj V., Rapić V., Kaljaj L., Đaković S. (2002). Synthesis 
and structure of some 3,4-annelated coumarin systems. 
Heterocyclic Communications 8(2): 129-134.

Hitokoto H., Murozumi S., Wauke T., Skai S., Ueno J. (1980). 
Inhibitory eff ects of condiments and herbal drugs on the growth 
and toxin production of toxigenic fungi. Mycopathologia 66: 
167-177.

Karlowsky P. (1999). Biological detoxifi cation of fungal toxins and 
its use in plant breeding, feed and food production. Natural 
Toxins 7(1): 1-23.

Lavermicocca P., Valerio F., Visconti A. (2003). Antifungal activity 
of phenyllactic acid against molds isolated from bakery 
products. Applied and Environmental Microbiology 69(1): 
634-640.

Parameshwarappa G., Lingamani J., Patil S.B., Goudgaon N.M. 
(2009). Synthesis and antimicrobial activity of thiazole 
substituted coumarins. Heterocyclic Communications 15(5): 
343-348.

Pittet A. (1998). Natural occurence of mycotoxins in foods and 
feeds. Revue de Médecine Vétérinarie 149(6): 479-492.

Praxton J.D. (1991). Assays of antifungal activity. Methods in Plant 
Biochemistry 6: 33-46.

Roussaki M., Kontoglorgis C.A., Hadjipaviou-Litina D., Hamilakis 
S., Detsi A. (2010). A novel synthesis of 3-aryl coumarins and 
evaluation of their antioxidant and lipoxigenase inhibitory 
activity. Bioorganic & Medicinal Chemistry Letters 20(13): 
3889-3892.

Samarajeva U., Seu A.C., Cohae M.D., Wie C.I. (1990). 
Detoxifi cation of afl atoxins in foods and feeds by physical and 
chemical methods. Journal of Food Protection 53: 489-501.

Schatzmayr G., Zehner F., Schatzmayr D., Täubel M., Binder 
E.M. (2006). Microbiologicals for deactivating mycotoxins in 
contaminated feed. Molecular Nutrition & Food Research 50(6): 
543-551.

Sušac K., Duraković S., Rapić V. (1989). Antifungal properties of 
newly synthesized derivatives of coumarine. Microbiologia 
26(2): 165-172.

Tamura S., Fujitani T., Kaneko M., Murakami N. (2010). 
Phenylcoumarin with Rev-export inhibitory activity from 
Cnidii Monnieris Fructus. Bioorganic & Medicinal Chemistry 
Letters 20(12): 3717-3720.

Th ompson C., Henke S.E. (2000). Eff ect of climate and type of 
storage container on afl atoxin production in corn and its 
associated risk to wildlife. Journal of Wildlife Diseases 36(1): 
172-179.

Weidenbörner M. (2001). Encyclopedia of Food Mycotoxins. 
Springer-Verlag, Berlin, ISBN 3540675566.

Wicklow D.T., Weaver D.K., Th rone J.E. (1998). Fungal colonists 
of maize grain conditioned at constant temperatures and 
humidities. Journal of Stored Products Research 34(4): 355-361.

Wilkins K.M., Board R.G. (1991). Natural antimicrobial systems. 
In: Mechanisms of action of food preservation procedures. G.W. 
Gould (ed.), Elsevier, London, 285-362.

Windham G.L., Williams W.P., Davis F.M. (1999). Eff ects of the 
southwestern corn borer on Aspergillus fl avus kernel infection 
and afl atoxin accumulation in maize hybrids. Plant Disease 
83(6): 535-540.

Wright M.S., Greene-McDowelle D.M., Zeringue H.J., Bhatnagar 
D., Cleveland T.E. (2000). Eff ects of aldehydes from Aspergillus-
resistant varieties of corn on Aspergillus parasiticus growth and 
afl atoxin biosynthesis. Toxicon 38(9): 1215-1223.

Wu F. (2004). Mycotoxin risk assesment for the purpose of setting 
international regulatory standards. Environmental Science & 
Technology 38(15): 4049-4055.

acs75_24



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


