View metadata, citation and similar pagefs ayaote aOQGRE

provided by Directory of Open...

30opuuk Matue cpricke 3a npupojHe Hayke / Pro
Ne 120, 49—59, 2011

UDC 615.918:582.281/.282
DOT: 10.2298/ZMSPN1120049]

Sandra M. Jak§ié¢', Bojana Z.Prunié, Dubravka
S. Milanov, Igor M. Jajié, Biljana F. Abramovic?

! Scientific Veterinary Institute "Novi Sad", Rumenacki put 20, 21000 Novi Sad, Serbia, sandra@niv.ns.ac.rs
? Faculty of Agriculture, Department of Animal Science, Trg Dositeja Obradovica 8, 21000 Novi Sad, Serbia,
igor jaji¢@gmail.com
* Faculty of Science, Department of Chemistry, Biochemistry and Environmental Protection,
Trg Dositeja Obradovica 3, 21000 Novi Sad, Serbia, biljana.abramovic@dh.uns.ac.rs

FUMONISINS AND CO-OCCURRING MYCOTOXINS
IN NORTH SERBIAN CORN

ABSTRACT: The presence of fumonisin has not been regulated in the legislation of
the Republic of Serbia. Therefore, the data on contamination of cereals, especially corn,
which is highly susceptible to contamination by this toxin, are not sufficient. This paper
presents the results of testing the corn samples collected in the autumn 2009 on the terri-
tory of Backa. Samples were analyzed for the contents of fumonisins and it was determined
whether there is a correlation between the moisture content, total number and class of fungi,
as well as the content of aflatoxin, and Usin
finity method it was discovered that the hlghcst percentage of samplcs were contaminated
with fumonisins, which was probably due to the presence of Fusarium molds as the most
abundant ones. The positive samples contained fumonisin in the concentrations from 0.030
to 1.52 mg kg . The influence of the climate and moisture content of grain on fungal con-
tamination and mycotoxin pmducuon was analyzed in order to investigate the predictability
of the presence of mycotoxi
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INTRODUCTION

Fumonisins, secondary metabolites of fungi from the genus Fusarium,
are mycotoxins that are most frequently found worldwide as natural contami-
nants in corn and corn-based products (W HO, 2000). They are important for
both human and animal health. Experiments confirmed fumonisins to be caus-
ative agents of equine leukoencephalomalacia, porcine pulmonary oedema
syndrome and producers of liver cancer in rats (W HO, 2000). In addition,
oesophageal cancer in humans has been observed in distinct areas of the
world, i.e. Southern Africa(Sydenham etal., 1990), Northern China (C hu
and L i, 1994) and Northern Italy (Franceschi et al., 1990), where extremely
high levels of fumonisins occur in corn and corn-based products. International
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Agency for Research on Cancer (IARC) has classified Fusarium moniliforme
toxins as possibly carcinogenic to humans (Group 2B carcinogens), similar to
ochratoxin A (IARC, 2002).

Due to especially favorable climatic conditions and fertile soil in Serbia,
especially in Vojvodina, its northern part, the most extensively grown crop is
corn, which is mainly used as livestock feed. According to the data from the
years 2005-2009, corn was planted on about 665.000 ha of arable land, with a
total yield of about 3.7 million metric tons, indicating that corn growers are
mainly individual agricultural producers (Statistical Office of the
Republic of Serbia, 2010). Apart from somewhat lower yields, these
producers face the problems concerning appropriate drying and storage, i.e.
preservation of harvested corn quality, which raises questions about microbio-
logical and mycotoxycological food and feed integrity. Namely, the data on
mycologycal contamination of corn (Djilas etal,2001; Levi¢ etal., 2009)
indicate a realistic possibility for mycotoxin production.

By studying the influence of abiotic factors (temperature, moisture con-
tent, water activity, and relative humidity) on the microflora and content of
fumonisins in freshly harvested and stored corn, Orsi et al. (2000) con-
cluded that there is a negative correlation between the presence of the genus
Fusarium and mean temperature and air humidity, and a positive correlation
between moisture content. Campa et al. (2005), by studying the effects of
different factors, found that the production of fumonisins is most dependent on
the location (i.e. weather conditions), insects, and finally on the hybrid type.
Based on this, they developed a model that can predict fumonisin concentration
using the variables such as weather conditions (daily precipitation, minimum
and maximum daily temperature, relative humidity) and damages done by the
insects. The weather conditions two weeks before and three weeks after the
corn silking were found to be critical for the production of fumonisins.

Humidity level during the harvest period and prior to drying is important
for the control of the mold growth and fumonisin production, and the data on
the grain microflora may point out to the danger of mycotoxin presence. If the
corn is not dried to contain less than 14% of moisture, there is a possibility of
toxin production during the storage, too (Ono et al., 2002).

Out of more than 300 currently known mycotoxins, the highest effect on
the health of humans and animals, apart from fumonisin, have aflatoxins,
ochratoxin A, zearalenone and trichothecenes (Binder, 2007). Studies have
shown that various mycotoxins present in combination have more severe ef-
fects than individual mycotoxins (Kubena etal., 1997).

The objective of this work was to investigate the contamination of corn
from the area of northern Serbia with fumonisins, other mycotoxins and
molds, as well as the possible influence of climatic factors on the degree of
corn contamination.
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MATERIALS AND METHODS

Corn samples were collected in the autumn of 2009 from different loca-
tions in Backa. Sampling was conducted in the fields after the harvest, and
immediately after, the samples were stored in the silos. After collecting, the
samples were analyzed for total count of molds and their prevailing genera
were determined. To this end, 1000 g of each sample were homogenized and
prepared by grinding in a laboratory mill in such a way that > 93% passed
through a sieve with pores 0.8 mm in diameter. After the analysis of the mois-
ture content, samples were stored in a freezer at —20 °C for the analysis on
mycotoxins. Prior to each analysis, the samples were allowed to reach room
temperature.

Total counts of molds and moisture contents were determined by standard
methods (The Official Gazette of SFRY, 2580, The Offi-
cial Gazette of SFRY, 15/87).

Contents of total dfldtuxim ochratoxin A, zearalenone and total fumon-
isins were determined by the enzymatic immunoaffinity (ELISA) method,
using Ridascreen® test kits (Art. No. R:4701; R:1311; R 1401; R:3401, R- Bl()p-
harm, Germany), with limits of detection of 1 ng ké for ochratoxin A, 175

ug kg ! for aflatoxins and zearalenone, and 0.025 mg kg™' for fumonisins.

The results of mycological and mycotoxmologlcal analyses were subjected
to multiple regression analysis using the software package Statistica, version 9.1
(StatSoft, Inc., 2010, www.statsoft.com).

RESULTS AND DISSCUSION

Bearing in mind the literature data on the effect of grain moisture on the
mold growth and toxin production, the investigated samples were divided into
two groups: in one group moisture content of the samples was < 14%, and in the
other it was > 14%; the results of mycological and mycotoxicological analyses
were presented accordingly (Tables 1 and 2). It was found that the samples
with higher moisture content were significantly more contaminated with molds
(85.7%), when compared to the group of samples with lower humidity (65%),
and a higher percentage of samples from the former group was contaminated
with Fusarium spp. They were also characterized by higher frequency of pos-
itive samples and higher mean values of the content of total aflatoxins and
ochratoxin A. This group of samples had also a somewhat higher mean value
of the fumonisin content, although the percentage of positive samples and
concentration range were the same or similar.

If all the samples are analyzed together (Table 3), although the contami-
nation with molds (> 1000) was observed for a high percentage of samples
(73.5%), only three samples had a total count of molds that exceeded the max-
imum allowed count predicted by the current regulations (The O fficial
Gazette, 2010). The presence of molds of the genus Fusarium was con-
firmed in 64.7% of the samples. It can be concluded that Fusarium molds and
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Tab. 1 - Results of mycological and mycotoxicological analyses of corn samples with moisture
content < 14%

Moisture i oo Total Zea- Total
LOCATION conent 1i00ey  fungi ATIAOXInS  ralenone  fumoni-
() (ppb) (ppb) _sins (ppm)
Veternik 1119 30 Ab 225 0.036
Conoplia 1177 20 Fu - - 0.057
Silo 3 11.98 10 Fu - - 0.098
Silo 1 12.03 10 Mu - 2.43 -
Silo 4 12.27 100 Fu - 3.02 -
Silo 6 12.34 - - - 332 0.262
Feketic 12.35 160 Fu 433 - -
Silo 7 12.56 - - - 181 0465
Silo 5 12.60 230 Fu - 292 0496
Lali¢ 12.81 80 Fu 224
Ruski Krstur 12.86 20 Fu 198 - -
Silo2 13.02 300 Ab, Fu - 294 152
Mali Beograd 13.33 - - 3.04 - 0.04
Savino Selo 13.40 - - - - -
Zmajevo 13.49 - - 298 - -
Lipar 1347 - - - - -
Stepanoviéevo 13.65 8 Fu, Ab 208 0.044
Temerin 1371 220 Ab, Fu - - 0143
Ravno Selo 1371 - - - - -
Bagka Topola 13.91 10 Mu 258 - -
Average 12.82 509 0.96 0.93 0.158
RSD 076 92.8 142 134 0354
Average of positive samples 92.2 275 2.67 0316
RSD of positive samples 102.0 081 0.3 0457
% of positive samples 650  S0(nFu 350 350 50.0
Range of con- 19-1391  8-300 198-4.33  181-332 0.036-1.52

not detected, Pe — Penicillium spp., Mu — Mucor spp., Fu — Fusarium spp., Ab — Absidia spp.,
CFU - total fungal colony count

fumonisin are present the most, but there is no significant correlation between
the count of molds and contents of their toxins (Table 4), which is in agree-
ment with the findings of Mngadi etal. (2008). Contamination with toxins
was also found in some samples with less than 1000 mold colonies. This can
be explained by the fact that mycotoxins are stable compounds which can
persist under the conditions that eliminate the molds that produce them
(Aldred etal.,2004). The survival of molds depends also on the microbio-
logical interaction and competition, that is, it is possible that Fusarium spp.
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Tab. 2 - Results of mycological and mycotoxicological analyses of corn samples with moisture
content > 14%

Moswe (o0 Goms ToWl O Zeaw  Towl fu-

LOCATION content (00 ot fus; Aflatox- toxin A ralenone  monisins

(%) ins (ppb) __ (ppb) (ppb) (ppm)
Sombor 1429 5 FuAb 234 = = 0.229
Rumenka 1440 S0 Fu,Ab 423 107 - 043
Svetozar Mileti¢ 14.55 - - - - -
Sivac 1423 8 Fu - - - 0.257
Odzaci 1500 25 Fu,Ab 393 - - -
Kisat 1525 65 ARPe 509 179 -
Vibas 1528 3 Fu - - 339 0030
Backi Brestovac 15.68 70 Ab, Fu
Futog | 654 10 FuAb - - - 0,036
Crvenka 1661 - 234 - - -
Kucura 16.99 15 Fu 701 126 - -
Kula 1729 10 oo 200 107 - -
Despotovo 18.03 0 e - - 144
Futog 2 19.21 10 F“l;:b‘ - - - 0.396
Average 159 615 185 024 037 0201
RSD 153 1634 221 048 099 0389
Average of positive samples 717 369 L3 259 0403
RSD of positive samples 1789 165 ol L3 0502
% of positive samples 857 (D?ifm 500 214 143 500
Range of ination 3-625 2.34-701 107-126 1.79-3.39 0030-144

~ not detected, Pe — Penicillium spp., Mu — Mucor spp., Fu — Fusarium spp., Ab — Absidia spp.
CFU - total fungal colony count.

under the conditions of lower humidity inhibit the growth of Aspergillus spp.
(Ono etal., 2002), which have not been isolated.

Statistical analysis showed a significant correlation (p<0.05) between the
moisture content and contamination with Penicillium spp. (0.55), Absidia sp
(0.35), as well as between the moisture content and content of ochratoxin
(0.35). Also, a significant coefficient of correlation (0.61) was found between
the contamination with ochratoxin and aflatoxins.

In 50% of all analyzed samples, the content of fumonisins was above the
limit of detection of the applied method. The mean value of fumonisin content
in them was 0.352 ppm (range 0.030-1.52 ppm). Although fumonisins are
present in the corn from Serbia, the total fumonisins content is below the val-
ues set by the EU regulations for the nutrition of humans (4 ppm, E C, 2007)
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Tab. 3 — Average results of mycological and mycotoxicological analyses of corn samples

Moisiute  CRU Genusof % Ochratox. Zetrales - Total fu-
coment (00, O, aoxing. DQOSnone monisins
(%) (pp! (ppb) (ppm)
Average 1411 606 133 010 070 0176
RSD 193 1244 181 033 122 0364
Average of positive 824 322 L3 2,65 035
samples
RSD of positive 1393 133 011 0.1 0.46
samples
% of positive samples  73.5 (;"1“; , a2 8.8 265 50
Range of 3-625 198701 107-126 179-339 0.030-1.52

Fu — Fusarium spp., CFU—total fungal colony count

Tab. 4 - Distribution of total fungal content and the range of corn contamination with fumonisins

Total fungal colony

No of samples

No of positive

Range of fumonisin

count (in 1 g) samples on (ppm)
<1000 9 3 0.040-0.465
1000-200,000 21 1 0.030-144
>200,000 4 3 0.143-1.52

and animals (60 ppm, E C, 2006a). The contaminated samples also contained
aflatoxins (41.1%), ochratoxin A (8.8%) and zearalenone (26.5%). None of the
samples contained significant concentration of the investigated toxins, but
chronic effect of their low concentrations should be taken into consideration.

Since fungal formation and toxin production are influenced by environ-
mental factors during pre-harvest and harvest periods, prior to and during the
harvest, the obtained results were discussed with regard to these conditions.
The conditions of the vegetation season 2009 were typical of the climate in
Serbia, which deviated from the average ones mostly on the territory of Vo-
jvodina. Namely, the humidity conditions, apart from the northeast part, have
the characteristics of a drought. In the middle of July, the measured tempera-
tures (above 35°C) exceeded the optimum ones, which could have affected the
course of the silking stage. The last month of the vegetation season was char-
acterized by hot dry weather (R HZ , 2009). Such dry conditions caused less
intensive production of toxins, which favor the conditions with water activity
of 0.93 and humidity of even 25% (Sanchis and Magan, 2004). Lower
production of fumonisins in drier ripening conditions is in agreement with
our findings for the samples collected in 2001 and 2002 (Jaks3i¢, 2004).
Low fumonisin content, however, can be explained by the lack of favorable
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conditions for the development of fungi due to warm and dry weather during
the 2009 harvest, consequently lowering the kernel moisture.

The obtained results were compared with those obtained in Serbia in the
previous year by other authors (Koki¢ et al., 2009; Mati¢ et al., 2009).
The results for fumonisin are similar, whereas our study gave higher frequen-
cy of samples positive on aflatoxins, as well as on zearalenone and ochratoxin,
but at lower concentrations.

The obtained results were compared to those obtained in the neighboring
countries — Croatia, Hungary, Romania and Bulgaria. Data from 1992 are
similar to those presented in this work, regarding the frequency of positive
samples, i.e. 58% for fumonisin B, (FB;) and 21% for fumonisin B, (FB,) in
Croatia, along with 50% for FB, and 17% for FB, in Romania (Doko etal.,
1995). The fumonisin content, however, was lower. Namely, the mean values
of FB, content in the positive samples were 20 ng g~ (range 10-60 ng g") in
Croatia, and 10 ng g~ (range 10-20 ng g") in Romania, while for FB, the value
was 10 ng g~ in both countries. Conversely, according to the data obtained by
Jurjevi¢ etal (1999) and Domijan et al. (2005), the frequency of corn
contamination by fumonisins (FB;+FB,) in Croatia, from 1996, 1997 and
2002, was significantly higher with values of 99%, 93% and 100%, respec-
tively. The mean values for fumonisin content in the positive samples were
645 ppb of FB+FB; in the samples from 1996, 134 ppb of FB+FB, in the
samples from 1997, and 459.8 ppb of FB, in the samples from 2002 with the
concentrations of FB, in three positive samples (out of 49) being 68.4, 109.2
and 3084.0 ppb, respectively. The analysis of corn from 2007 (Segvi¢
Klari¢ etal,2008) detected zearalenone in 91.9%, and ochratoxin A in 16.2 %
of the samples, with mean concentrations of 318.3 ppb and 9.8 ppb, respectively.

The fumonisin content of corn flour and corn coarse meal samples has
been examined in 1997 in Hungary (Fazekas, 2001). Fumonisins were de-
tected in 67% of the samples, although the contamination levels were very low
(16—58 ppb).

In Bulgaria, the analysis of corn samples on fumonisins and zearalenone
under the conditions favorable for Fusarium molds (Manova and Mlad-
enova, 2009) showed that only 21% of the samples were positive on zea-
ralenone and 94.7% on fumonisin, in the range of 249-4050 ppb, with mean
value being 1150 ppb, whereas according to the data from 2001 even 50% of
samples contained fumonisin at a level of 0.03—6.56 ppm.

The importance of moisture content for the mold growth and fumonisin
production between the harvest and drying phase was also emphasized by
Ono etal. (2002). Drying immediately after the harvest and appropriate stor-
age conditions can minimize toxin production. The results obtained by exam-
ining the corn from silos indicated the possibility of toxin production in Silo
2 because of the significant contamination, probably due to toxigenic molds,
considering the already produced amount of fumonisins.

Contents of the investigated mycotoxins in 5 out of 34 samples were be-
low the detection limit of the applied method, and 13 out of 29 positive sam-
ples contained more than one toxin. Content of aflatoxin did not exceed the
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maximum tolerable level (The Official Gazette of RS, 2010;
E C 2003,E C 2006b), whereas contents of other toxins were below the values
prescribed/recommended by the EU legislation (E C , 2006a, 2007).

CONCLUSION

Based on all the above, it can be concluded that fumonisins are present
in corn from Serbia, although in relatively low concentrations. Also, it can be
concluded that their presence in corn has been confirmed in recent years and
that the concentrations are similar to those found in the neighboring coun-
tries, with some deviations due to the differences in climatic conditions. It
should be pointed out that such investigations indicate the indispensability of
introducing the recommended limits for fumonisin in Serbia. Dry conditions,
prior to harvest, and low kernel humidity lead to lower mycological and my-
cotoxicological contamination of corn. Further investigation should examine
the effect of traditional corn storing, practiced by individual growers, on the
degree of mycological and mycotoxicological contamination, encompassing
trichothecene as well, due to their confirmed presence (Jaji¢ et al., 2008).
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Pesume

DymoHn3nHH HUCY 00yxBaheHH 3akOHCKHM peryiaartiBama Pemy6mike Cpouje,
Ta MOCNeMYHO H HEMA JOBOJLHO MOJIaTaKa O KOHTAMHHAIIHjH KHTApHIIA, @ TOCEOHO
KYKypy3a OBUM MHKOTOKCHHUMA. Y pajly Cy NPHKa3aH# PE3yJITaTH HCIHTHBAbA y30-
paka KyKypy3a npukyrubeHnx y jecer 2009. roqune ca repuropuje bauke. AHaansu-
paH je caapkaj (yMOHM3MHA M HCIIMTAHO J1a JIM TIOCTOjH KOpe/aluja ca caapxkajeMm
BJIare, yKyInHHAM OPOjeM M POJIOM IJIECHH, Kao U caapikajeM adiaTOKCHHA, OXPaTOK-
CHHA ¥ 3eapasicHoHa. EH31MMCKOM HMYHOADHHHTETHOM METOJIOM je yTBpheHo ja je, y
OJIHOCY Ha ocTase oapeluBaHe MUKOTOKCHHE, HajBehn mponeHar y3opaka 6no KOHTa-
MHHUpaH GYMOHH3HHHMMA, IITO je BEPOBATHO MOCIEAMIA MPUCYCTBA MIECHH POJa
Fusarium Kao Haj3acTYMUbEHHHX. Y KOHTAMHHUPAHHM y30pLuMa je yTBpheHa KoH-
nenTpanuja Gpymonusina y uutepsany o 0,030 — 1,52 mg/kg. Ananusupan je yruuaj
KJIMME 1 BIZXXHOCTH 3PHa Ha NOCJIEIN Y HY KOHTAMHHALH]y IJICCHHMA H KOHLIEHT L]y
MHKOTOKCHHA Y ITHIbY TIPOLICHE MPEABH/BHBOCTH IPHCYCTBA MHKOTOKCHHA.
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