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ABSTRACT: This study had two major objectives: 1) to investigate the influence of a seven-month 
storage period on maize contamination with aflatoxins (AFs) and 2) to examine the distribution of total 
count of fungi (TCF), A. flavus and aflatoxin B1 (AFB1) in the stored maize kernels. In the first part of 
this survey, 700 maize samples were collected in the period from October 2012 to April 2013. 
Presence of AFs was detected in 72% of maize, before entering the silos. The survey results indicated 
that the percentage of contaminated maize samples as well as the distribution of determined AFs 
concentrations changed during the storage period of seven months. By the prolongation of storage 
period, the percentage of non-contaminated maize samples decreased from 28% to 16%, while the 
percentage of contaminated samples in the concentration range 20-50 µg/kg increased from 18% to 
25%. In the second part of this study, 32 maize samples from four different silos were analysed. The 
results showed that TCF, A. flavus and AFB1 were unevenly distributed. According to Duncan’s 
multiple range test, in each silo, statistically significant differences (p<0.05) were noted for all tested 
parameters. Furthermore, within each silo, statistically significant correlation (r=0.76 at p<0.05) 
between the number of A. flavus colonies and AFB1 concentrations were observed. According to the 
obtained results and taking into account the trends in climatic changes in Serbia, further improvement 
in maize management system concerning AFs is warranted. The findings of this study could be of 
great importance to increase the knowledge related to the AFs management strategies in Serbia as 
well as in neighboring countries. 

Key words: maize kernels, storage, silo, aflatoxins; Aspergillus flavus, total count of fungi 

INTRODUCTION 

Maize (Zea mays L.) is an important cereal 
worldwide and one of the major crops 
grown in Serbia. Most of the total maize 
production in Serbia is mainly used for ani-
mal feed (80%), while the rest is used for 
human consumption and starch produc-
tion. Furthermore, in the recent years Ser-
bia has been one of the largest maize pro-
ducer and exporter in Europe as well as in 
the whole world (Maslac, 2013; Maslac, 
2015).  

One of the most frequent contaminants of 
maize is mycotoxigenic fungus Aspergillus 
(A.) flavus which can result in aflatoxins 
(AFs) production (Cotty and Mellon, 2006). 
AFs represent one of the most important 
mycotoxins group due to their prevalence 
and intensive toxic, mutagenic, teratogenic 
and carcinogenic effects, with proven acu-
te and chronic toxicity in humans and ani-
mals (IARC, 2012). Among eighteen iden-
tified AFs, aflatoxin B1 (AFB1) is the most 
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frequent one and potent liver carcinogen 
known in mammals. Besides AFB1, Inter-
national Agency for Research on Cancer 
(IARC) defined AFB2, AFG1, and AFG2 
as primary carcinogenic compounds 
(IARC, 2012). A. flavus is a very common 
and widespread fungus in nature which 
grows and produces AFs during different 
phases of maize growth, harvest, process-
sing, transportation and storage (Ellis et 
al., 1991). Since maize as starch-based 
material represents a good substrate for 
aflatoxigenic fungi, the most influential fac-
tors affecting the occurrence of A. flavus 
and the amount of AFs in maize are 
environmental and storage conditions. The 
influence of environmental conditions on 
the production of AFs during maize gro-
wing season was reported in many studies 
(Abbas et al., 2002; Juan et al., 2008; Kos 
et al., 2013). In recent study, Karami-
Osboo et al. (2012) highlighted drought as 
the main factor affecting the production of 
AFs in maize. Furthermore, agronomic 
factors (type of hybrid, soil, tillage, pre-
vious crop), postharvest management, 
inappropriate storage conditions (tempe-
rature, humidity, handling, presence of in-
sects, rodents and birds) as well as 
extended storage period may influence on 
increasing risk of A. flavus and AFs 
presence in stored maize (Hell et al., 
2000; Garrido et al., 2012). Some authors 
reported that contamination with A. flavus 
and subsequent production of AFs during 
storage is considered as one of the most 
serious safety problems throughout the 
world. In addition, it is known that AFs are 
stable compounds that cannot be destroy-
ed during most of the maize processing 
operations, therefore improvements in 
agricultural practices, in particular grain 
production and storage environments is 
required (Williams et al., 2004). 

Until 2012, occurrence of AFs in maize 
was not considered a typical agricultural 
issue in Serbia (Matić et al., 2009; Kokić et 
al., 2009). However, weather condition 
changes during maize growing season in 
2012 resulted in AFs outbreak in maize 
kernels. Our previous investigation sho-
wed that prolonged drought influenced 
AFs presence in 137 (68.5%) maize sam-
ples among total 200 samples analysed 

(Kos et al., 2013). Furthermore, presence 
of AFs in maize resulted in toxin presence 
in feedstuffs (Lević et al., 2013a) as well 
as in food of animal origin, especially in 
milk (Kos et al., 2014). Occurrence of AFs 
in Serbia during 2012/2013 period caused 
“aflatoxins crisis” followed with numerous 
protests of agricultural workers and milk 
producers in the street, several changes of 
Regulations regarding maximum level 
(ML) and significant economic losses for 
processors, producers and marketers 
(Torović, 2015). It was assumed that the 
“aflatoxin crisis” during 2012/2013 could 
have cost Serbia between 100 and 125 
million euros (Radović and Keković, 2014). 

Even though the presence of AFs in 2012-
2013 maize had led to huge economic los-
ses, available official data as well as the 
national database on AFs occurrence 
have still been insufficient. Furthermore, 
significant changes in climatic conditions 
during previous years in Serbia require 
further investigations especially in relation 
to improvement in maize management 
system concerning the presence of A. 
flavus and AFs. 

Therefore, the first objective of this study 
was to examine the effect of storage 
period (seven months) on AFs conta-
mination of maize kernels and the second 
objective was to investigate the distribution 
of total count of fungi (TCF), A. flavus and 
AFB1 in the stored maize.  

MATERIAL AND METHODS 

Samples, kits and chemicals 

For the first part of investigation, seven 
hundred (n=700) maize kernel samples 
were collected. Every month, in the period 
from October 2012 to April 2013, 100 
maize samples were collected, transported 
to the laboratory and analyzed. Only in 
October 2012, 100 samples were analy-
zed immediately after harvest without 
previous storage. The samples were taken 
from different silos which were represent-
ative in size, composition and storage me-
thod applied. It means that during the 
storage period there was a constant effort 
to minimize any possibility of maize quality 
reduction caused by changes in storage 
conditions (temperature and humidity), as 
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well as mechanical damage influenced by 
insects, rodents and birds.  

In order to examine the distribution of 
TCF, A. flavus and AFB1 concentration, 
thirty two (n=32) maize samples from four 
silos were included in the second part of 
investigation. Storage capacity of silos 
was around 800 t. The sampling was per-
formed during the elevation procedure 
from eight different sections of each silo.  

With the aim to provide the representative 
maize samples for the first and the second 
part of investigations, sampling procedure 
was performed according to the European 
Union (EU) requirements (European Com-
mission Regulation, 2006a). Aggregate 
samples of approximately 5-10 kg were 
composed of different number of incre-
mental samples. These samples were ho-
mogenized and quartered to obtain a 500 
g of laboratory samples which were kept in 
freezer at -18 °C until the analysis. The 
obtained representative samples were 
ground to 1 mm particle size using a la-
boratory mill (KnifetecTM 1095 mill, Foss, 
Hoganas, Sweden). 

Aflatoxins analysis 

Due to high number of analysed samples 
(n=700), samples from the first part of this 
study were analyzed using validated En-
zyme Linked Immunosorbent Assay 
(ELISA) method, while 32 samples from 
the second part were analyzed using High 
Performance Liquid Chromatography with 
Fluorescence Detector (HPLC-FLD). 

ELISA method 

Determination of AFs (AFB1, AFB2, AFG1 
and AFG2) in 700 maize samples was 
performed by ELISA method using two 
test kits produced by Neogen Corporation 
(Quantitative AFs HS Test kit and AFs 
Quantitative Test kit, Neogen Veratox®, 
Lansing, USA). Chemicals used for ELISA 
method were distilled water (Millipore, 
BedFord, MA, USA) and methanol of ana-
lytical purity (Merck, Darmstad, Germany). 
Subsamples of 5 g were extracted with 25 
ml of methanol:water mixture (70:30, v/v) 
and shaken vigorously for three minutes 
on laboratory Griffin flask shaker (Griffin 
and George, Wembley, England). Extracts 
were filtered through the Whatman No. 1 
filter paper (Whatman  International Ltd., 

Maidstone, UK). The instructions given by 
the manufacturer for AFs determination 
were strictly followed.  

HPLC-FLD method 

HPLC-FLD method was applied for the 
analysis of AFB1 in 32 maize samples 
from the second part of investigation. For 
HPLC analysis acetonitrile, methanol, n-
hexane and trifluoroacetic acid (TFA) were 
purchased from Merck (Darmstadt, Ger-
many). Used water was ultrapure (Milli-Q 
from Millipore, USA). Aflatoxin B1 stan-
dard with certificated concentration of 2 
µg/ml was purchased from Sigma Aldrich 
(Prague, Czech Republic). Twenty-five 
grams of maize samples were extracted 
with 100 ml acetonitrile:water (84:16, v/v) 
and shaken vigorously for thirty minutes 
using laboratory Griffin flask shaker (Griffin 
and George, Wembley, England). After 
extraction, extract was filtered through 
filter paper (Whatman No. 4, Maidstone, 
UK) and 5 ml of filtered extract was 
cleaned up with Mycosep® 224 AflaZon 
multifunctional columns (Romer Labs. Inc., 
Union, MO, USA). The purified extract was 
then evaporated to dryness (Reacti Term, 
Thermo Fisher, Scientific Bellefonte, P. A. 
USA). Due to the poor fluorescence of 
AFB1, post derivatization step for enhan-
cing its fluorescence on HPLC-FLD was 
required. Derivatization was achieved by 
adding 100 µl of TFA and 200 µl of n-
hexane to sample extracts or AFB1 wor-
king standards. This mixture was vortexed 
for 30 s and kept in the dark at 40 °C for 
10 min. After evaporation, 400 µl of 
acetonitrile:water (1:9, v/v) mixture was 
added to the vials and vortexed again for 
30 s. The HPLC instrument was an Agilent 
1200 system equipped with a fluorescence 
detector (FLD), a binary pump, a vacuum 
degasser, an autosampler and Agilent 
column (Eclipse XDB-C18, 1.8 µm, 4.6 x 
50 mm). The AFB1 analysis was perfor-
med with a mobile phase consisted of 65% 
of water and 35% of a mixture of aceto-
nitrile:methanol (50:50, v/v) with a flow 
rate of 0.2 ml/min. Ten microliters of stan-
dards or samples were injected into the 
HPLC column. The fluorescence detector 
was set to an excitation and emission 
wavelengths of 365 nm and 440 nm, res-
pectively.  
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Mycological survey 

Analyses of TCF in maize kernel samples 
were performed according to ISO standard 
(ISO, 21527-2, 2008). Colonies that were 
assumed to belong to Aspergillus species 
were transferred on Czapek Yeast Extract 
Agar (CYA).  

Seeded surfaces were incubated during 
the period of 7 days at 25 °C. The criteria 
described by Samson et al. (2004) and Pitt 
and Hocking (2009) were applied for 
species identification. Taxonomic classify-
cation was determined on the basis of 
macromorphological and micromorpholo-
gical characteristics of growing colonies. 

Quality control 

Analyses of all maize kernel samples were 
carried out in accredited laboratory of the 
Institute of Food Technology, University of 
Novi Sad. The laboratory was accredited 
in agreement with standard SCS ISO/IEC 
17025 (2006).  

The analytical quality of the applied ELISA 
and HPLC-FLD methods were assured by 
the use of certified reference material 
(CRM). Naturally contaminated maize 
sample (Progetto Trieste, Test Veritas, 
Padova Italy) with certified AFB1 
(4.98±3.54 µg/kg) and AFs (6.46 ± 4.42 
µg/kg) content was used as the CRM. The 
validation parameters were calculated and 
expressed using European Official De-
cision procedure (European Commission 
Regulation, 2002).  

Statistical analysis 

Statistical analysis of variance was carried 
out by Duncan’s multiple comparison tests 

using STATISTICA software version 10 
(StatSoft Inc. 2011, USA). P values < 0.05 
were regarded as significant. 

RESULTS AND DISCUSSION 

The results of the validation methodology 
are shown in Table 1. The validation pa-
rameters, for both used ELISA test kits as 
well as HPLC-FLD method, were in com-
pliance with recommendations given in the 
Regulation 2006/401/EC (European Com-
mission Regulation, 2006a).  

Seven hundred maize kernel samples 
were analyzed with the aim to investigate 
influence of storage period of seven 
months on AFs contamination. The ob-
tained results for each month in the period 
from October 2012 to April 2013 are 
summarized and shown in Fig. 1. Deter-
mined AFs concentrations were distributed 
in the following five concentrations ranges: 
<1 µg/kg, 1 µg/kg-10 µg/kg, 10 µg/kg-20 
µg/kg, 20 µg/kg-50 µg/kg and >50 µg/kg. 
As it can be seen from Fig. 1. significant 
variation in the distribution of AFs con-
centrations within investigated months 
were noticed. The greatest percentage 
(28%) of maize kernel samples that were 
not contaminated with AFs (c< 1 µg/kg) 
was noted in maize samples collected in 
October 2012. The possible reason for 
that is the fact that only maize samples 
from October were analyzed immediately 
after harvest without previous storage. On 
the other hand, in the maize samples 
which were stored and collected from the 
silos, the percentage of non-contaminated 
maize samples decreased (from 26% in 
November to 16% in March) with the pro-
longation of storage period. 

Table 1.  
Validation parameters for ELISA and HPLC-FLD methods  

Determined 
parameters 

Method 

ELISA 
HPLC-FLD 

Quantitative HS Test Quantitative Test 

AFs AFB1 

LOD 0.50 1.00 0.30 
LOQ 1.00 5.00 1.00 
RSDr 4.86 8.12 7.31 
RSDR 6.12 11.1 10.5 
Recovery 103.2 96.1 98.2 

LOD: limit of detection (µg/kg) 
LOQ: limit of quantification (µg/kg) 
RSDr: relative standard deviation calculated under repeatability conditions (%) 
RSDR: relative standard deviation calculated under reproducibility conditions (%) 
Recovery: (%) 
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Figure 1. Percentage of contaminated maize samples and distribution of AFs concentrations 
during the storage period of seven months 

 

During the last three months of storage 
(February, March and April 2013), the 
percentage of non-contaminated maize 
samples was not changed significantly and 
it was around 16%. Furthermore, by the 
prolongation of storage period, the percen-
tage of contaminated samples in the con-
centration range from 1 µg/kg to 10 µg/kg 
was variable. It means that from October 
2012 to January 2013, the percentage of 
contaminated samples in the range 1-10 
µg/kg increased from 16% to 21%, while 
from February to April 2013, it decreased 
from 17% to 12%. Simultaneously with the 
decrease in percentage of samples conta-
minated in the range 1-10 µg/kg, an in-
crease of contaminated samples in the 
range 10-20 µg/kg from 14% to 20% was 
noticed. The most pronounced changes 
were observed in the concentration range 
from 20 µg/kg to 50 µg/kg. During the 
investigated period of seven months, the 
prevalence of contaminated samples in 
this concentration range increased from 
18% to 25%. Furthermore, the percentage 
of contaminated samples with AFs con-
centration over 50 µg/kg did not signi-
ficantly vary (from 23% to 27%) during the 
7-month storage period. Based on the 
obtained results, it could be noted that the 
percentage of contaminated maize kernel 

samples as well as the distribution of AFs 
concentration were changed during the 
storage time period of seven months.  

Changes in AFs concentrations over the 
investigated 7-month period also influen-
ced the relative proportion of samples 
which were suitable for human and animal 
nutrition. For example, 44% of maize sam-
ples from October 2012 contained AFs in 
concentration lower than 10 µg/kg. This 
level of AFs concentration corresponds to 
the maximum level (ML) for AFs (sum of 
AFB1, AFB2, AFG1 and AFG2) in food 
intended for human consumption accor-
ding to national legislative (Pravilnik, 2011) 
and EU Regulation (European Commis-
sion Regulation, 2006b).  

Contrary to this, in the last month of sto-
rage (April 2013), only 28% of maize 
samples was suitable for human diet. In 
addition, the Serbian Regulation (Pravilnik, 
2010) in force at the time of examination of 
maize samples, set 50 µg/kg as ML for 
AFs in maize intended for animal con-
sumption. Based on this criteria, between 
24% and 27% of maize samples was 
unsuitable for this purpose. However, the 
EU Regulation (European Commission 
Regulation, 2002) set stricter limits and 
only samples with AFB1 concentration 
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less than 20 µg/kg can be used in animal 
diet. During 2013, relevant Serbian autho-
rities changed the national Regulation and 
previous ML of 50 µg/kg for AFs was lo-
wered to 30 µg/kg for AFB1 in maize 
intended for animal feed (Pravilnik, 2013). 
Complete harmonization of Serbian Re-
gulation with EU rules regarding the pre-
sence of AFB1 in maize as well for AFM1 
in milk has been still missing which in-
dicates that the “aflatoxin crisis” continues 
its presence in the country. Since Serbia 
represents a candidate for EU member-
ship, complete harmonization of regula-
tions is required in future. 

Results from our previous study (Kos et 
al., 2013) indicated that prolonged 
drought, characterized with high tempe-
ratures and small amount of precipitation 
was recognized as the main factor which 
influenced the outbreak of AFs in maize 
during the 2012 growing season. The des-
cribed weather conditions were favourable 
for some Aspergillus species, in particular 
A. flavus, which can grow and synthesise 
AFs in drought conditions (Santin, 2005). 
However, in previous years in Serbia, due 
to unfavourable weather conditions, pre-
sence of AFs was not detected in maize 
kernels as well as in other grain materials 
(Matić et al., 2009; Kokić et al., 2009; Kos 
et al., 2013). The general absence of AFs 
in agricultural commodities from Serbia in 
previous years could be one of the 
possible reasons for the lack of knowledge 
and experience concerning the manage-
ment of contaminated material. In this 
regard, after the harvest in October 2012, 
maize contaminated with AFs was mainly 
stored in silos without any applied physical 
or chemical procedure for reduction of AFs 
concentration. Therefore, from October 
2012 to April 2013, Aspergillus species 
continued with their growth and AFs syn-
thesis that resulted in changes of per-
centage of contaminated maize samples 
as well as distribution of AFs concen-
trations during the storage period of seven 
months. To the best of authors' know-
ledge, there are none published data in 
the literature related to the investigated to-
pics in Serbia as well as in the neighbour-
ring countries. Furthermore, only several 
published studies from South America and 
Africa dealt with evaluation of the effect of 

storage period on changes of AFs concen-
tration in maize. Hell et al. (2000) and 
Kaaya et al. (2006) reported that AFs 
contamination increased during period of 
maize storage. Hell et al. (2000) inves-
tigated the influence of six month-storage 
period on AFs contamination of maize 
samples from four agroecological zones of 
Benin in West Africa. The authors reported 
that percentage of contaminated samples 
(c > 5 µg/kg) in four different zones before 
storage varied from 9.9 % to 32%, while 
after period of six months, percentage of 
non-contaminated samples decreased. 
Furthermore, prevalence of maize sam-
ples contaminated with AFs at concen-
trations over 100 µg/kg varied between 2.2 
% and 5.8 % at the beginning of storage 
and between 7.5 % and 24 % after period 
of six months. As it can be seen, initial 
AFs contamination (9.9% to 32%) in the 
study from Benin was significantly lower in 
comparison to the initial AFs contami-
nation (72%) observed in this survey. Ka-
aya et al. (2006) reported that maize sam-
ples stored in Uganda for more than six 
months were contaminated with higher 
concentration of AFs in comparison to the 
maize samples stored in a period from two 
to six months. It should be emphasized, 
that storage facilities in Benin as well as in 
Uganda are significantly different in com-
parison to storage facilities in Serbia, 
which were included in this study. There-
fore, complete comparison of obtained re-
sults is difficult. Similarly, Keller et al. 
(2013) concluded that prolongation of sto-
rage period had a great influence on the 
increase of AFs contamination in stored 
maize silage. In the second part of this 
study, a total of 32 maize samples were 
collected from four different silos with the 
aim to investigate distribution of TCF, A. 
flavus and AFB1 in stored maize kernels. 
As it can be seen from Table 2, the ob-
tained results indicated significant differen-
ces in the distribution of investigated pa-
rameters within each silo. In regard to 
TCF, it could be noticed that in the exa-
mined maize samples, TCF varied from 
85.0 to 230 cfu/g x 103 cfu/g, 105 to 320 
cfu/g x 103 cfu/g, 90.0 to 320 cfu/g x 103 
cfu/g and 50.0 to 550 x 103 cfu/g in the 
first, second, third and fourth silo, res-
pectively. 
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Table 2.  
Fungal mycobiota and aflatoxin B1 contamination of maize samples collected from four silos  

Silo 1 

 
No 

Average±SD Min-Max 
1 2 3 4 5 6 7 8 

  85
c 

215
f 

230
b 

190
e 

156
a 

230
b 

160
a 

135
d 

175±50.9 85.0-230 
A.flavus 6.50

a 
7.50

ab 
8.50

b 
6.20

a 
12.5

c 
57.5

f 
32.0

e 
15.0

d 
18.2±18.0 6.20-57.5 

c (AFB1) 35.9
e 

37.2
f 

11.6
b 

28.4
c 

10.4
a 

33.4
d 

88.1
h
 40.8

g 
35.7±24.1 10.4-88.1 

Silo 2 

 
No 

Average±SD Min-Max 
1 2 3 4 5 6 7 8 

TCF 155
c 

190
e 

320
g 

165
d 

105
b 

230
f 

205
a 

210
a 

197±63.0 105-320 
A.flavus 6.10

c 
11.5

a 
16.0

b 
10.0

a 
12.7

ab 
30.0

d 
12.5

ab 
105

e 
25.5±32.9 6.10-105 

c (AFB1) < 1
a 

20.9
c 

57.9
f 

< 1
a 

31.9
d 

45.1
e 

16.5
b 

183
g 

59.3±62.6 16.5-183 

Silo 3 

 
No 

Average±SD Min-Max 
1 2 3 4 5 6 7 8 

TCF 320
g 

160
d 

200
e 

260
f 

120
a 

130
c 

90.0
b 

120
a 

175±79.6 90.0-320 
A.flavus 40.0

f 
8.00

a 
30.0

e 
22.0

c 
20.0

bc 
10.0

d 
7.00

a 
20.0

b 
19.6±11.4 7.00-40.0 

c (AFB1) 71.9
h 

39.9
e 

53.1
g 

24.4
c 

37.1
d 

23.0
b 

9.50
a 

51.6
f 

38.8±19.9 9.50-71.9 

Silo 4 

 
No 

Average±SD Min-Max 
1 2 3 4 5 6 7 8 

TCF 550
g 

350
f 

110
a 

50.0
b 

110
a 

140
d 

170
e 

80.0
c 

195±170 50.0-550 
A.flavus 30.0

c 
40.0

d 
20.0

b 
10.0

a 
50.0

e 
18.0

b 
10.0

e 
33.0

c 
26.4± 14.4 10.0-50.0 

c (AFB1) 9.70
b 

100
g 

59.6
e 

< 1
a 

75.2
f 

49.1
c 

54.3
d 

150
h 

71.2±44.4 9.70-150 
a, b, c, d, e, f, g, h 

Values indicated with different letters are significantly different according to Duncan’s multiple range 
test (p < 0.05). Differences were analyzed separately for every parameter (TCF, A. flavus and AFB1) in each silo.

 

No: sample number 
TCF: total count of fungi 
TCF and A. flavus: (x 10

3 
cfu/g) 

c (AFB1): μg/kg 
Average ± SD: average concentration (μg/kg) ± standard deviation (μg/kg) 
Min-Max: minimum and maximum concentrations (μg/kg) 

Significant differences in terms of TCF 
were noted within each silo, which means 
that mycobiota were very unevenly dis-
tributed. The currently valid Serbian Re-
gulation for microbiological criteria for food 
(Pravilnik, 2010), does not define the ma-
ximum TCF in maize. However, earlier edi-
tion of this Regulation (Pravilnik, 1993) de-
fined 10 x 103 cfu/g as maximum TCF 
allowed in maize kernels. In all 32 ana-
lyzed maize samples, TCF was greater 
than 10 x 103 cfu/g. A. flavus was present 
in all of 32 analyzed maize samples with 
significant individual variations within each 
silo. Minimum and maximum counts of A. 
flavus colonies were distributed in the 
following way: 6.20-57.5 x 103 cfu/g in the 
first silo, 6.10-105 x 103 cfu/g in the se-
cond, 7.00-40.0 x 103 cfu/g in the third, 
and 10.0-50.0 x 103 cfu/g in the fourth silo. 
Among 32 analyzed maize samples, AFB1 
was not detected in only two samples from 
the second and one sample from the 
fourth silo. Moreover, the AFB1 concen-
trations within each silo were very differ-

rent. The AFB1 concentration ranges we-
re: 10.4 - 88.1 µg/kg, 16.5 - 183.0 µg/kg, 
9.50 - 71.9 µg/kg and 9.70 - 150.0 µg/kg 
for the first, second, third and fourth silo, 
respectively. The total count of fungi, A. 
flavus and AFB1 were unevenly distributed 
in the examined silos and according to 
Duncan’s multiple range test (P < 0.05) 
statistically significant differences were 
noted for each of the examined parameter 
(TCF, A. flavus and AFB1) in every silo. 
The largest contamination range was no-
ted in the second silo: the sample conta-
mination with AFB1 and A. flavus spanned 
from 16.5 µg/kg to 183 µg/kg and from 
6.10 to 105 cfu/g x 103 cfu/g, respectively. 
Furthermore, in the same silo, among 
eight samples, only two were not conta-
minated with AFB1 at concentration over 1 
µg/kg. 

The largest number of determined A. fla-
vus colonies (105 cfu/g x 103 cfu/g) cau-
sed the highest determined AFB1 concen-
tration (183 µg/kg) (Silo 2, sample 8). 
Furthermore, it could be noticed that the 
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smallest number of A. flavus colonies 
(6.10 cfu/g x 103 cfu/g) was determined in 
the sample with AFB1 concentration below 
1 µg/kg (Silos 2, sample 1). However, cor-
relation may not be so straightforward as 
the presence of A. flavus colonies in large 
number does not necessary mean the pre-
sence of the high concentrations of AFB1 
as well as that the lower number of A. fla-
vus colonies does not necessary mean the 
absence of AFB1. This is in accordance 
with the study reported by Harley et al. 
(1997) which indicated that mycotoxins 
content is not always related to the 
amount of fungi present. However, the re-
sults from our study showed statistically 
significant correlation (r=0.76 at p<0.05) 
between the number of A. flavus colonies 
and AFB1 concentrations observed in 
each of the four silos. Some authors also 
confirmed heterogeneous distribution of A. 
flavus and AFB1 as well as occurrence of 
AFB1 in pockets with different concen-
trations in stored contaminated maize 
(Trung et al., 2008; Luftullah and Hussain, 
2012).  

Castellari et al. (2010) reported that Asper-
gillus species represent one of the most 
common fungal genera identified in stored 
maize. The proliferation of these fungi as 
well as AFs biosynthesis may be stimu-
lated by the following factors: moisture 
content, high temperature during storage, 
long storage period, and intensive infec-
tion by fungi before storage and by higher 
activity of insects, rodents and birds.  

Therefore, it is important to identify the 
factors with the strongest impact on the 
fungal growth and toxicogenesis. Drought 
conditions recorded during the 2012 maize 
growing season, especially during the pe-
riod from June to September, were asso-
ciated with a decrease in the moisture 
content (average value was around 13%) 
which resulted in unfavourable conditions 
for the growth of most fungal species, ex-
cept certain Aspergillus species (Maslac, 
2013). Lević et al. (2013b) reported that 
over the period 1967-2008 frequency of A. 
flavus in maize from Serbia varied from 
2.9 to 16.0%. However, in 2012 registered 
incidence of A. flavus was 95.3%. Authors 
claimed that extremely stressful agrome-
teorological condition, over the period from 

flowering to waxy maturity of maize in 
2012, was the main reason for such high 
incidence of A. flavus on maize. Further-
more, as a second factor causing intensive 
occurrence of A. flavus and AFs authors 
highlighted prevalence of European corn 
borer (ECB) (Ostrinia nubilalis). ECB in-
fluenced high damage and numerous 
injuries which were covered by visible 
olive-green powdery colonies, typical for 
A. flavus. 

It could be noticed that weather conditions 
recorded during the 2012 maize growing 
season greatly influenced the high initial 
AFs contamination (72%), which was fur-
ther increased by the prolongation of sto-
rage period. During the observed 7-month 
storage period all factors that could con-
tribute to maize quality deterioration were 
minimized (temperature and humidity con-
trol, pest control). Therefore, based on 
everything stated above it could be con-
cluded that factors with the strongest 
influence on the high AFB1 incidence in 
the stored maize were severe initial in-
fection and contamination of maize kernels 
before storage as well as the duration of 
storage period.  

CONCLUSIONS 

Based on the findings obtained in this stu-
dy it can be suggested that maize kernels 
infected by fungi and contaminated with 
AFs should not be stored without previous 
application of some procedure for reduc-
tion of initial AFs contamination.  

Considering the recorded changes in wea-
ther conditions in Serbia in recent years, 
given consequential economic losses and 
numerous negative impacts of AFs on hu-
man and animal health, a practicable and 
realizable strategy for reducing the risk of 
AFs contamination of maize should be 
developed. This strategy should be related 
to the implementation of monitoring pro-
gram as well as some physical, chemical 
and/or biological procedures for AFs de-
contamination, with the main aim to avoid 
storage of contaminated maize. In order to 
prevent AFs presence, it is necessary to 
make every possible effort to improve agri-
cultural practices (in particular, irrigation 
system), AFs control, and storage envi-
ronments. 
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УТИЦАЈ ПЕРИОДА СКЛАДИШТЕЊА НА ПОЈАВУ И РАСПОДЕЛУ 
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Сажетак: Основни циљеви овог рада били су да се испита утицај седмомесечног 
периода складиштења зрна кукуруза на појаву афлатоксина, као и да се испита расподела 
укупног броја плесни, врсте Aspergillus flavus и афлатоксина Б1 у складиштеном кукурузу. Први 
део истраживања обухватио је 700 узорака кукуруза, који су сакупљани у периоду од октобра 
2012. године до априла 2013. године. Пре складиштења зрна кукуруза у силосе, присуство 
афлатоксина детектовано је у чак 72% узорака. Током складиштења кукуруза, у периоду од 
седам месеци, уочене су промене у проценту контаминираних узорака, као и у расподели 
концентрација афлатоксина. Са продуживањем периода складиштења, проценат 
неконтаминираних узорака смањио се са 28% на 16%, док се проценат узорака који је садржао 
афлатоксине у концентрационом опсегу од 20 µg/kg до 50 µg/kg повећао током скла-диштења са 

18% на 25%. У другом делу истраживања, испитана су 32 узорка зрна кукуруза из четири 

различита силоса. Добијени резултати указали су да су плесни, A. flavus и афлатоксин Б1 били 
неравномерно распоређени унутар сваког појединачног силоса, и да су према Данкановом тесту 
(p<0.05) утврђене статистички значајне разлике за сваки испитивани параметар. Унутар сваког 
силоса утврђена је статистички значајна коорелација (r=0.76 at p<0.05) између појаве микобиота 
A. flavus и концентрације афлатоксина Б1. Резул-тати добијени у овом раду, као и забележене 
климатске промене са којима се Република Србија суочава последњих година, указују на сталну 
потребу за унапређењем система у вези са превенцијом и контролом афлатоксина у зрну 
кукуруза. Такође, добијени резултати могу бити од великог значаја за повећање практичних 
знања и вештина из наведене области, како у Србији, тако и у земљама из окружења.  

Кључне речи: зрно кукуруза, складиштење, афлатоксини, Aspergillus flavus, укупан 
број плесни 
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