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OF AFLATOXINS IN MAIZE

ABSTRACT: In this study, a total of 78 maize samples harvested during September
and October 2012 in Vojvodina were analyzed. Presence of aflatoxins (AFs) was deter-
mined by enzyme-linked immunosorbent assay (ELISA) method. Among the 78 analyzed
maize samples, even 44 (56.4%) samples were contaminated with AFs. Concentration inter-
val between 1-10 pg/kg, 10-50 ng/kg and 50-80 pg/kg were found in 23.1%, 17.9% and 15.4%
of analyzed maize samples, respectively. It was supposed that prolonged drought during
spring and summer of 2012 had a great influence on high contamination frequency and
concentration of AFs.
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INTRODUCTION

Aflatoxins (AFs) are secondary metabolites produced mainly by three
species of Aspergillus including A4. flavus, A. parasiticus and A. nomius. The
most known AFs which can be found as contaminants of food and feed are B,
B,, G; and G, and their two metabolic products M1 and M2 (Decastelli
et al., 2007). AFs are most common in granular food, including cereals, grains
and groundnuts. Milk, eggs, meat and their products can be contaminated if
animal consume contaminated feed. However, the commodities with the high-
est risk of AFs contamination are corn, peanuts, and cottonseed (E 111 s et al.,
1991).

The occurrence of AFs is influenced by certain environmental factors
and they are especially found in tropical and subtropical regions where tem-
perature and humidity are optimum for growth of molds and for the produc-
tion of toxins (R u s t o m, 1997). The incidence of AFs and their amount in
contaminated products especially depend on the conditions of temperature
and humidity during crop growth and storage. Furthermore, the extent of AFs
contamination will vary with geographic location, agricultural and agronomic
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practices, and the susceptibility of commodities to fungal invasion during pre
harvest, storage, and/or processing periods (Garrid o et al., 2012).

AFs have been associated with various diseases, such as aflatoxicosis, in
livestock and humans throughout the world and they have received great attention
because of their potential high toxic, mutagenic, teratogenic and carcinogenic
effect on humans and animals. The International Agency for Research on Cancer
classified AFs as primary carcinogenic compounds (IARC, 2012).

According to the literature data, Aspergillus species and their metabolites
AFs are one of the most known contaminants of maize and maize products (B
ankoleetal., 2003). Maize is one of the most important crops cultivated in
Serbia with approximate annual production of six million tons. The weather
conditions and drought in spring and summer of 2012 significantly contributed
to the reduction in maize production (M a s I a ¢, 2012). However, it should be
noted that there is still a lack of data regarding the occurrence of Aspegillus
toxins in maize from Serbia.

Many countries, including Serbia, have introduced regulations which
stipulate maximum allowed limits of AFs in maize intended for food and feed
production. The Serbian regulations (SI. Glasnik RS 4/2010; SI. Glasnik RS,
28/2011;) on the control of mycotoxins in food and feed were adopted and
complied with the European Union regulation (2002/32/EC, 2010/165/EC) in
2010 and 2011, respectively.

Due to the significant health risks associated with the presence of AFs in
food and feed, it is important to establish a data collection on the occurrence
of these toxins in Serbian commodities. There are no enough data regarding
the occurrence of AFs in maize from Serbia. Hence, the purpose of this work
was to screen the presence of AFs in maize harvested in Vojvodina, Northern
Province of Serbia, during 2012.

MATERIALS AND METHOD
Samples

A total of 78 maize samples were collected in Vojvodina. Samples were
collected after harvest, during September and October 2012. All samples were
stored at the temperature of 4 °C in refrigerator before analysis.

Determination of AFs

Content of AFs (By, B, G; i G,) was determined by the enzyme immu-
nosorbent assay method (ELISA). All samples were analyzed in duplicate
with Quantitative Aflatoxin High Sensitivity (HS) test kit (Neogen Veratox®,
Lansing, USA). Range of quantitation for AFs HS test kit was between 1 and
8 ng/kg and the analyses were done according to the manufacturer’s description.
The analyzed samples which contained AFs more than 8 pg/kg were analyzed
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with Aflatoxins Quantitative test kits (standards: 0, 5, 10, 50 pg/kg). Samples
with content of AFs more than 50 pg/kg were analyzed again after dilution.

RESULTS AND DISCUSION

In this study, 78 maize samples were analyzed in order to evaluate the
AFs contamination. The obtained results (Table 1) showed that 44 (56.4%) of
analyzed maize samples were positive. AFs concentration in the positive sam-
ples ranged from 1.20 to 80.0 ug/kg. Positive results were classified into three
groups. Concentration interval from 1 to 10 pg/kg of AFs were found in 18 (23.1%)
of analyzed maize samples, while concentration interval 10-50 pg/kg and 50-80
pg/kg were found in 14 (17.9%) and 12 (15.4%) samples, respectively. Mean level
of aflatoxin concentration for all positive samples was 27.0 pg/kg. The obtained
results show that negative samples (34) and samples with AFs concentration
less than 10 pg/kg (18) can be used for human consumption. Maximum al-
lowed limit for AFs in maize intended for human consumption was stipulated
by Serbian (SI. List 28/2011) and the European Union (2010/165/EC) regula-
tion. Both regulations prescribe 10 pg/kg as the maximum allowed level for
sum of AFs (By, B,, G, and ;). Fourteen samples of maize were found to be
contaminated with AFs in range of concentration from 10 to 50 pg/kg, and
those samples can be used as feed by Serbian (SI. List 4/2010) regulation. This
regulation set maximum level of 50 pg/kg for AFs in maize intended for ani-
mal feed. The regulation of the European Union (2002/32/EC) prescribed 20
pug/kg as the maximum allowed limit only for AFB; in maize intended for
animal feed.

Tab. 1. — Contamination frequency (CF), interval (CI) and mean level (CM+SD) of AFs

1-10 pg/kg 10-50 pg/kg 50-80 pg/kg
CF 23.1 17.9 15.4
CI 1.20-9.97 10.2-43.2 51.2-80.0
CM 4.87+2.99 18.9+£12.0 68.1+£12.4

CF(%), CI (ng/kg), CM (ng/kg) and SD (standard deviation)

The results from Table 1 show that AFs were found in 12 (15.4%) sam-
ples with concentration higher than 50 pg/kg. Those samples with high AFs
contamination cannot be used for human and animal consumption. After mix-
ing with non-contaminated maize, those samples can be used in animal diet,
with the use of an appropriate adsorbent.

The obtained results also show that weather conditions in spring and
summer of 2012 had a very strong influence on the production of AFs in the
examined maize samples. According to the few previously published litera-
ture data, Aspergillus species and AFs are rarely found in Serbia (Boc¢arov-
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-Stancig, etal., 2001). Furthermore, our previous results showed that none of
the analyzed maize sample from Serbia was contaminated with AFs (M ati¢
etal, 2009; M ati¢etal., 2010).

Maize planting in Serbia usually starts in the middle of April and lasts
until middle of May, and farmers harvest the crops during October and No-
vember. Due to unusually high temperatures in August and September 2012,
harvest was finished earlier, in the second part of September. Considering the
fact that high contamination frequency of AFs was found (56.4%) in maize
harvested during 2012, weather conditions for that year were analyzed (Figure
1, Figure 2).

Figure 1 shows the average amount of precipitation in Vojvodina for the
period from April to September 2012 compared to the average values for the
long-term period of 1971-2000 (Republic Hydrometeorogical Service of Ser-
bia, 2012). The figure shows that lack of rainfall characterized the period
from April to September. Extremely low amount of rainfall was recorded in
the period of four months (June-September), and during that period, the
amount of rainfall was lower by 66, 78, 93 and 60% than average rainfall for
multiannual period (1971-2000), respectively. For the period of four months,
precipitation covered more than 50% of Vojvodina for only 11 days, while
during August, there was only 4 mm of rain in the entire region.
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Fig. 1. — Average amount of precipitation in Vojvodina for the period April-September 2012
compared to the average values for the long-term period of 1971-2000

Despite the lack of precipitation, period from June to September was char-
acterized with high temperatures. Monthly average temperature was higher
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than the average value, from 1.2 °C (May) to 4.1 °C (July), (Figure 2). The period
of four months from June to September was very warm with average monthly
temperature in the interval from 20.2 to 25.2 °C and very often daily temperature
was near 40 °C. This phenomenon resulted in the favorable conditions for mold
growth and emergence of various pests and damage to corn. The lack of mois-
ture and high temperature in these months caused considerable damage to corn.
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Fig. 2. — Average temperature in Vojvodina for the period April-September 2012
compared to the average values for the long-term period of 1971-2000

According to the figures, it can be concluded that hot and dry weather
with prolonged drought characterized spring and summer of 2012 and it was
assumed that these weather conditions caused higher presence of AFs. Previous
reports have confirmed that if the maize growth and development is followed
by hot and dry weather conditions, it can be contaminated with Aspergillus
flavus with increased probability for AFs synthesis (S t a ¢ k et al., 2003).
These authors reported that prolonged drought and high temperatures during
the growing season favored the development of 4. flavus, restricted the devel-
opment of competitors of A. flavus, and inhibited normal pollination in the
corn plant. This often leads to an increase in the extent and amount of AFs
contamination. Furthermore, K arami-O s b o o et al. (2012) analyzed the
presence of AFB; in maize harvested for three years and concluded that weather
conditions, primarily low rainfall and drought, had a great influence on the
presence of AFB;.

The obtained results for maize harvested in 2012 confirmed that this
crop should be continuously controlled in order to protect the population
against the unacceptable risk of AFs contamination.
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Prevention and control of AFs in food and feed is required, consider-
ing the fact that AFs have toxic effect on humans and animals and for the
economic reasons as well.
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YTULAJ CYHIE HA [TIOJABY AQJIATOKCHUHA Y KYKVYPVY3VY

Josana J. Koc', Enusza6er I1. Januh XajHan Jacna C. MaCTI/IJ'IOBI/IhI
Visan Jb. Mutoasosuh' , bojana M. Kokuh'

'MucTuryT 3a npexpambene texHonoruje, Yuusepsurer y Hosom Cany,
byn. napa Jlazapa 1, 21000 Hosu Can, Cpouja

Pe3nme

VY TOKy MCTpakMBamba aHAJIU3UPAHU Cy Y30pLHU KYKypy3a KOjU Cy CaKyIlJbaHU
Ha Teputopuju BojBoanne nenocpento nakon 6ep0e 2012. rogune. Umynoaduuurer-
HoM MeTonoM (ELISA) ananusupano je npucyctBo adaarokcuna (B, By, G 1G,) y 78
y3opaka KyKypy3a. On yKynHor 6poja aHanu3upanux ysopaka Kykypysay 34 (43,6%)
HUje AeTEeKTOBAHO MPUCYCTBO aIaTOKCHHA, JI0K je uak 44 (56,4%) y30pka Ouio nosu-
THUBHO Ha ITPHCYCTBO OBOT TOKcHHA. Y 18 ucninranux (23,1%) y3opaka KOHIEHTpaIHja
adnarokcuHa je ouna usmely 1 u 10 pg/kg, y 14 (17,9%) nsmeby 10 u 50 pg/kg, a yak y
12 (15,4%) y3opaka koHIIeHTpanuja adaarokcuHa je ouna nu3nan 50 ur/kr. OBako BU-
COKa y4eCcTaJOCT M KOHIIeHTpallnja aIlaTOKCUHA Yy Y30pIMa KyKypy3a HajBepoBaT-
HUjE je MOCIeANIa eKCTPEMHNX KIMMAaTCKUX yCIOBa TOKOM BETETAIMOHOT ITepHoaa
2012. ronune. Ce30Hy pa3Boja U ca3peBamba KyKypy3a y IepHo/y Of anpuia 10 OKTO-
Opa 2012. rogune obenexuse cy U3y3eTHO BUCOKE [IPOCEUHE TeMIIepaType Bazayxa
y3 peTKy 1ojaBy kuiie. Torio Bpeme u cyliiia Ha TepUTOprju BojBOIMHE TOTIPUHETH CY
1 pa3Bojy Aspergillus Bpcta u cuaTe3n adarokcuHa. C 003upom Ha 100HjeHe pe3ynTa-
T€ ¥ U3Y3€THY TOKCHYHOCT a(hIaTOKCHHA Ha OpraHu3aM JbYAU U KUBOTHIA, HEOITXOIHO
j€ CIIPOBOIUTH T0jadaHy KOHTpPOIY pona Kykypy3a n3 2012. roxune.

KJbYYHE PEYM: adnaTtokcun, KyKkypy3, cyma, ELISA
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