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Abstract

In agriculture and the production of grain feeds, in spite of all the
measures of protection and control, the presence of molds in grains is almost
unavoidable. Molds contaminate the animal feed and/or nutrients during the
growth of plants, as well as in all the handling operations - during harvest,
mowing, picking, transport and storage. The comparative research on presence
and identification of molds, shown in this paper, was carried out in two phases,
in 2011 and 2014, on the samples of grains, stored and intended for animal
nutrition. In total, 72 samples of different grains were examined, most of them
related to maize (56) from a domestic production in the Banja Luka region.
Mycological analysis i.e. quantification and determination of fungi in all
samples revealed dominant presence of Fusarium species in both phases. The
occurrence of Fusarium species in 2011 and 2014, expressed as relative values,
were 61.11% and 80.55%, respectively.
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Introduction

Feed and/or nutrients are an ideal medium for the growth and
reproduction of microorganisms, primarily fungi i.e. their filamentous forms.

Microscopic filamentous fungi described as molds among micro-
organisms had for long been considered harmless, but due to their ability to
produce toxic metabolites - mycotoxins, they were given special attention and
importance (Waune, 2007).

Apart from their presence in cereals (corn, wheat, rice), molds are very
often present in other agricultural crops and products (Logrieco et al., 2003).

However, unlike the field molds, whose survival under common
conditions of grain storage is limited by time, the lifetime of storage molds on
dried beans and the products of their processing is practically unlimited
(Jemcev & bDuki¢, 2009). High humidity favors the fungi growth and
mycotoxin production, and the temperature is often a key factor.

Materials and Methods

The research was conducted in two phases: the first phase in 2011 and
the second one in 2014. During the study a total of 72 samples of different
grains for animal feed were examined. Samples of maize (Zea mays) were
dominantly represented as the most important nutrient for animal feed, in total
of 54 samples (48 samples of corn grains and 6 samples of ground corn), 9
samples of rye (Secale cereale) and 9 samples of triticale (x Triticosecale).

Mycological techniques of isolation and identification of molds were
used as indirect method of seeding on agar plates. For this purpose, two
different selective media were used: Dichloran 18% glycerol (DG18) agar and
Sabouraud dextrose agar (SDA). A series of dilutions was prepared from each
of the sample. A volume of 0.1 ml from dilutions of 10~ to 10 was inoculated
onto each of the agar plates listed above in duplicate. Eventually, the plates
were incubated on 27°C to 30°C during 1 week. Immediately upon completion
of the incubation, colonies were determined up to genus level and counted. The
number in all inocula was calculated and the results were expressed as colony
forming units per gram (CFU/g) of sample.

Identification and determination of mold genera of isolated species were
carried out on the basis of colony appearance and microscopic features
according to standard identification keys (Jersek, 2014, Pitt & Hocking, 2009;
Mihajlovi¢, 1983).
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Results and Discussion

Insight into the presence and distribution of mold during both periods of
research with the results of mycological analysis is shown in Tables 1 and 2.

Tab. 1. Mold contamination
Konmamunayuja nnecnuma

Total number of fungi ppage | of research 2011 Phase 11 of research 2014
(CFU g-1 *) Daza ucmpaxcusarva 1,2011  @aza ucmpasxcusarea 2, 2014
Yrynan 6poj eusuya
(CFU g-1 *) n** % + Sp n** % + Sp
Lack of growth (6e3 pacma) 5 13.88 + 5.76 0 -

<103 6 16.66 £ 6.21 3 8.33 + 461

10 3-10* 15 4166 =+ 8.21 6 16.66 =+ 6.21
10%-10° 7 1944 £ 659 13 36.11 <+ 8.01
10°5-10° 3 833 + 461 5 1388 + 5.76

> 108 0 - 9 25.00 =+ 7.67

*Colony forming units per gram of sample (6poj xoronuja y 1 epamy yzopka)
**Number of samples (6poj yzopaxa)

According to the results of mycological testing (Table 1), the degree of
contamination in the first phase, in most samples (41.66%) was between 103
and 10* CFU/g, which was the highest relative value in 2011. However, there
was no statistically significant difference between the samples and the level of
contamination.

The total number of fungi is one of the indicators of the quality of
nutrients used for production of compound feed for domestic animals. Corn
samples from 2011 were relatively less contaminated than the samples from
2014. However, the marked difference was not statistically significant. In both
periods, the results of mycological analyses of corn showed a wide range of
mold contamination level. In the first stage, there was a lack of growth on
13.88% of the samples, with contamination of 10° to 10° CFU / g at 8.33%.

By examining data in Table 1, in the second phase in 2014, all samples
were contaminated with molds. Moreover, 25% of the samples were found with
extremely high contamination, more than 10, with a maximum contamination
in samples of ground corn, where one of the samples showed high
contamination of 8.4 x 10° CFU g. In 2014, also, there was no significant
difference in contamination of samples.

Agro-knowledge Journal, vol. 17, no. 4, 2016, 329-335 331



Table 2. Percentage of isolated Fungi genera in analyzed samples of cereals in 2011 and 2014
Tpoyenam uzonosarnux poodosa ewueuya y arnamusuparum yzopyuma scuma y 2011, u 2014.

Genus 2011 2014 t - meem
Poo n* % + Sp n* %

Fusarium spp. 22 61.11+8.12 29 80.55 + 6.59 1.859 ™
Penicillium spp. 5 13.88+576 11 30.55 + 7.68 1.736™
Aspergillus spp. 7 1944 +6.59 13 36.11+8.01 1.607™
Eurotium spp. 4 11.11+523 12 33.33+7.86 2.354 *
Alternaria spp. 5 13.88 + 5.76 7 19.44 + 6.59 0.365™
Rhisopus spp. 1 2.77+2.74 8 22.22 +6.93 2.797**
Acremonium spp. - - 3 8.33+4.61 -
Mucor spp. 2 5.55 + 3.82 7 19.44 + 6.59 1.823 ™
Paecilomyces spp. - - 1 2771274 -
Cladosporium spp. 1 2.77£2.74 - - -
Unidentified species 3 8.33+4.61 6 16.66 £ 6.21 1.077m™

*Number of samples (Bpoj ysopaxa)

Data in Table 2 show that difference between the frequencies of genera
occurrence was not statistically significant between the phases, except for
genus Eurotium (statistically significant) and genera in Rhizopus and
Acremonium (statistically highly significant).

By mycological analysis of samples of cereals, we isolated and
identified 8 and 9 different genera of fungi in 2011 and 2014, respectively. As
for the presence percentage in the analysed samples, genus Fusarium was found
most frequently i.e. 61.11% and 80.55% in 2011 in 2014, respectively.
Incidence of most of the identified genera was higher than the frequency of the
fungi in 2011. In addition to Fusarium species in the samples of 2011, the most
commonly identified fungi were genus Penicillium (13.88%), Aspergillus and
Rhizopus (19.44%). In 2014, the mycological profile of samples of different
cereals showed higher level of contamination compared to 2011.

Moreover, the genus Fusarium remains the dominant one in the second
phase. However, other genera found dominant next to Fusarium are different
than those in 2011, and are as follows (in descending order): Aspergillus
(36.11%), Eurotium (33.33%) and Penicillium (30.55%). Except for minor
differences in the frequency of the three most important toxigenic genera in
both periods, increased occurrence of genera Mucor (19.44%) and Rhizopus
(22.22%) was recorded in 2014, and those belong to a group of molds typical
for an advanced decay of cereals stored in inadequate conditions.

332 Arpo3snatse, Boi. 17, 6p. 4, 2016, 329-335



In addition, Penci¢ and Levi¢ (1994), summarizing the reports of almost
a centenary-long research period, from 1906 to 1994, conducted in the former
Yugoslavia, report that the most numerous species of fungi colonizing maize
were species of genera Fusarium, and then Penicillium and Aspergillus.

Studies have shown that corn is on the first place among the cultivated
crops world-wide, which Fusarium molds prefer as a suitable habitat and on
which they are most commonly found. In addition to corn, Fusarium favors
also wheat, rye and oats (Kataleni¢, 2004).

Krnjaja et al. (2010) quote their research according to which the most
common molds were from genera Fusarium (56.09%), Aspergillus (54.35%),
Rhizopus (40%), Penicillium (30.87%), Mucor (30.04%) and Alternaria
(3.48%). The same authors (Krnjaja et al., 2010), quoted that in the samples of
poultry feed from 2008, genus Fusarium was present predominantly with an
incidence of 63.40%, which is consistent with our results in 2011, when the
presence of Fusarium was recorded in 61.11% of samples.

Conclusion

Mycological testing on all samples of grains in both periods (2011 and
2014) found molds contamination in a wide range, with the highest number of
samples (41.66%) contaminated in the range of 10° to 10%.

In 2014, the samples were contaminated by 100%. However, there was no
statistically significant difference in contamination between samples observed in
2011 and 2014.

By identification of isolates of molds, the dominant presence of the genus
Fusarium was confirmed. In both periods, the presence of molds of genera
Penicillium, Aspergillus, Alternaria, known as toxigenic species, was confirmed.
At the same time, there were no significant statistical differences in the prevalence
of these Fungi genera. A statistically significant difference was found in the mold
of genus Eurotium and highly relevant difference within the genus Rhizopus,
marked as species belonging to the group of advanced mold spoilage primarily
indicating inadequate storage in the highly humid year of 2014.
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IInecuu Y 3pHAaCTUM XpaHHUBHMaA 34 JKUBOTHILC
3opa Yonosuh-1llapuh!

Yo monpuspeonu paxynmem, Yuueepzumem y Barvoj JIyyu, Penyénuxa Cpncka, BuX
Caxerak

VY [noJpONpUBPEN U MPOU3BOMIBU 3pDHACTUX XPAHWBA 32 )KUBOTHHE U
HopeJl CBUX Mjepa 3allITUTe U KOHTPOJIE MPAKTHYHO je HEU30je)KHO MPUCYCTBO
ijecH Ha xxurapuiiama. OHe 3aral)yjy CTOUHY XpaHy W/HIM XpaHHBA Yy TOKY
pacta OuWJbKe M CBUX MAaHUIYJIATUBHUX pallkbU - TOKOM JKETBe, KOCHaode,
yOupama, TpaHCIOpTa M CKJIaauIITeHha. KommapaTuBHa HCTPaKUBamba
NpUCYCTBA U UAEHTH(UKALMje TUIECHH, MPHKa3aHa y OBOM pajy, CIpOBeIeHa
cy y nsuje daze, 2011. romune u 2014. rommHe, Ha y30puUMMa >KUTApHIIA
CKJIAUINTCHUX W HaMjEHhCHUX 3a HCXpaHy >KUBOTHHA. MHKOJIOIIKH je
HPETPaXXeHO YKYMHO /2 y30pKa PazIHMUUTHUX JKUTApPHUIA, O] KOJUX CE HajBUILE
y30paka ogHOCHIIO Ha KyKypy3 (56), u3 momahe mpomsBoxme, ca Bamanyuke
peruje. MukosomKa aHan3a, OJHOCHO KBaHTH(UWKAlMja U JETEPMUHAIN]a
IJbMBUIIA Y CBHM Yy30pLMMa IMOKa3aja je JOMHHAHTHO MpUCycTBO Fusarium
BpcTa y 00e dase uctpakupama. JJomunanuja Fusarium spcra 2011. roaune
n3pakeHa Kao pelaTBHA BpujeaHocT, ouna je 61,11%, a 2014. romqune 80,55%
3aCTYIJBEHOCTH.

Kmyune pujeuu: ripusuie, Fusarium spp, sxurapuie
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