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INTRODUCTION

• Cereals are one of the most 
important sources of food (FAO, 
2002), which have contributed to 
human nutrition for millennia. 
However, cereals are exposed to 
numerous biotic and abiotic 
stress factors, from cultivation and 
throughout their life cycle to 
processing.

• Toxigenic fungi are a major 
problem in cereal crops as they 
produce a multitude of toxic 
metabolites contaminating plants 
and food products.



ABOUT CEREAL

• The major cereal crops produced 
worldwide are wheat (Triticum spp.), 
rice (Oryza spp.), maize (Zea mays L.), 
and barley (Hordeum vulgare L.) 
(USDA, 2013).

• Other cereals include millet, 
sorghum, rye, oat and triticale.

• Maize ranks first in quantity 
produced and cultivation area of 
cereals worldwide, followed by wheat, 
rice and barley.

• Cereals are important in human 
nutrition as a source of protein, 
dietary fiber, and carbohydrates, as 
well as providing such as, magnesium, 
zinc, and micronutrients E and B
complex-vitamins (McKevith, 2004).



ABOUT CEREAL

• Cereals are also used to produce 
oils, starch, flour, sugar, syrup, 
malt, alcoholic beverages, gluten
and renewable energy.

• Indigenous microbiota in cereal 
grains consists of virus, bacteria, 
filamentous fungi, yeast, slime 
moulds and protozoa.

• Cereal grains are exposed to 
contaminations in the field from 
several sources (water, composted 
manure, soil, etc.), during 
cultivation, harvest, storage, and 
transport.



CEREAL SPOILAGE

• Common phytogenic 
microorganisms include bacteria
(e.g. Pseudomonadaceae, 
Micrococcaceae, Lactobacillaceae
and Bacillaceae), yeasts (e.g. 
Candida, Cryptococcus, Pichia, 
Sporobolomyces, Rhodotorula, 
Trichosporon) and filamentous 
fungi (e.g. Alternaria, 
Aureobasidium, Cladosporium, 
Epicoccum, Fusarium, 
Helminthosporium, Claviceps).



CEREAL SPOILAGE

• Additionally, potential secondary 
infections can occur post-harvest. 
Grains can be contaminated 
during cleaning, milling, grading 
or packaging processes (from 
residues in containers, equipment, 
screw-conveyors, etc).

• Common microorganisms infecting 
grains in storage include xerophilic
Aspergillus glaucus group, and 
Penicillium spp., where the most 
important parameter for mould
germination is the minimum aw of 
0.68 (14% moisture) (Lacaet al., 
2006; Laitila, 2007; Noots et al., 
1999).



CEREAL SPOILAGE

• After processing, the main 
spoilage fungi affecting cereal 
products belong to the genera 
Aspergillus, Penicillium, and 
Fusarium.

• Filamentous fungi are a main 
safety concern due to the 
production of mycotoxins 
accumulated in grains pre- and 
post-harvest, which are associated 
with severe health problems.

• Mycotoxins can be carcinogenic, 
mutagenic, genotoxic, teratogenic, 
neurotoxic, and oestrogenic, 
including reproductive and 
developmental toxicity (Fung and 
Clark, 2004; Jestoi, 2008; Köppen et 
al., 2010).



CEREAL SPOILAGE

• High incidence of mycotoxin infections 
in cereals have been observed 
worldwide (Placinta et al., 1999), in 
different crops and regions (Manthey
et al., 2004; Warzecha et al., 2011).

• Mycotoxins, such as Fusarium toxins, 
Alternaria toxins, and the ergot 
alkaloid groups, are common 
contaminants of cereal grains (Pleadin 
et al., 2012; Roscoe et al., 2008; Santos 
et al., 2012).



CEREAL SPOILAGE

• Table shows the most common 
mycotoxins detected in cereals and 
its health effects for humans and 
animals. Over the last two years, 
contaminations in cereals and 
bakery products by aflatoxins (48%) 
and ochratoxin A (OTA) (14%), by 
Aspergillus species, and 
deoxynivalenol (DON) (21%) and 
fumonisins (13%), by Fusarium
species, were record (RASFF, 2012).
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TYPICAL SPOILAGE 
MICROORGANISMS

Aspergillus
• Can live in high osmotic 

concentration (high sugar, salt, etc.) 
environment

• Like highly aerobic condition

• Use carbon-rich 
substrates( monosaccharides-glucose, 
polysaccharide-amylose)

• Live in starchy foods, plants and trees

• Aspergillus spp. cause disease on many 
grain crops, especially maize, and some 
variants synthesize mycotoxins, 
including aflatoxin.

• Aspergillosis (fever, cough, chest pain, 
or breathlessness-Pulmonary 
aspergillosis)



TYPICAL SPOILAGE 
MICROORGANISMS

Penicillium
• Thallus consists of a highly 

branched network of multinucleate, 
septate, usually colorless hyphae

• Many-branched conidiophores
sprout on the mycelia, bearing 
individually constricted conidiospores.

• The conidiospores are the main 
dispersal route of the fungi, and 
often are green in color.

• Penicillium growth can still occur 
indoors even if the relative humidity 
is low.



TYPICAL SPOILAGE 
MICROORGANISMS

Fusarium
• widely distributed in soil and 

associated with plants

• Some species produce 
mycotoxins in cereal crops 
that can affect human and 
animal health if they enter the 
food chain. 

• The main toxins produced by 
these Fusarium species are 
fumonisins and trichothecenes.



TYPICAL SPOILAGE 
MICROORGANISMS

Alternaria
• The club-shaped spores are 

single or form long chains.

• Can grow thick colonies which 
are usually green, black, or 
gray

• Grow on skin and mucous 
membranes, including on the 
eyeballs and within the 
respiratory tract

• Allergies are common, but 
serious infections are rare.

• Alternariosis



TYPICAL SPOILAGE 
MICROORGANISMS

Claviceps (ergot, ergot 
fungi)

• produces alkaloids that can cause 
ergotism (convulsive, gangrenous)

• The most prominent member of this 
group is Claviceps purpurea ("rye 
ergot fungus"). 

• Claviceps purpurea (on the heads 
of ryes, Favorable temperatures 18–
30 °C)

• Claviceps africana (infects sorghum, 
promote secretion of honeydew)



SUMMARY

• The major cereal crops: wheat
(Triticum spp.), rice(Oryza spp.), 
maize (Zea mays L.), and barley
(Hordeum vulgare L.)

• Typical spoilage microorganisms: 
Aspergillus, Penicillium, Fusarium, 
Alternaria, Claviceps (genus)

• Filamentous fungi produces 
mycotoxins. 

• Mycotoxins can be carcinogenic, 
mutagenic, genotoxic, teratogenic, 
neurotoxic, and oestrogenic.



CONCLUTION / 
FURTHER STUDY

• Fungal infections cause quality and 
quantity losses in the food cereal 
chain.

• Cereal crop diseases lack effective 
prevention strategies and cost 
€ billions.

• Antifungal lactic acid bacteria is a 
suitable hurdle antifungal 
technology.

• LAB bioprotection can be applied 
effectively pre-/post-harvest and 
post-processing.

• Antifungal LAB provides product 
safety, nutritional, and organoleptic 
advantages.
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