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e Cereals are one of the most
important sources of food (FAQ,
2002), which have contributed to
human nutrition for millennia.
However, cereals are exposed to
numerous biotic and abiotic
stress factors, from cultivation and

INTRODUCTION 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.




* The major cereal crops produced
worldwide are wheat (7riticum 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
ABOUT CEREAL 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).




 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,

ABOUT CEREAL filamentous fungi, yeast, slime

moulds and protozoa.

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




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

CEREAL SPOILAGE « Common microorganisms infecting

grains in storage Iinclude xerophilic
Aspergillus glaucus group, and
Penicillium spp., where the most
important parameter for mould

ermination is the minimum aw of

68 (14% moisture) (Lacaet al,
2006; Laitila, 2007; Noots et al.,
1999).




« 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
productllotn é)f mycotoxins 4
accumulated in grains pre- an
CEREAL SPOILAGE post-harvest, WthCh arepassociated
with severe health problem:s.

« Mycotoxins can be carcinogenic,
mutagten[c, genotoxic, teratogenic,
neurotoxic, and oestrogenic,
including reproductive and
developmental tox|C|tyéFur1g and
Clark, 2004; Jestoi, 2008; Koppen et

al., 2010).




 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).

CEREAL SPOILAGE . /I)III);cotoxins, such as Fusarium toxins,

ernaria toxins, and the ergot
alkaloid groups, are common
contaminants of cereal grains (Pleadin
et al., 2012; Roscoe et al., 2008; Santos
et al., 2012).




* 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

CEREAL SPOILAGE 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).




CEREAL SPOILAGE

Mycotoxin Fungi source Cereal Health effects in humans and animals LDz {mg.kg'l}
crops
Aflatoxins Aspergillus (flavus, bombyeis, nomius, ochraceoroseus, Maize Potent carcinogens, nevrotoxins and immunosuppressants. ATH,;
(B1, Ba. G1, G) parasiticus, parvisclerotigenus, pseudotamarii, _ .@atoxicosis: deam due to consumpt_iou of contanminated food: l_iver Mice:_ Qe
T rambellii, foxicarius); Emericella (astellata, olivicola) disease and cancer in humans and animals; hydroxylated aflatoxin Rabbit: 0.3F%
metabolites (M1 and M2) found in milk. Dog- 05-10%%
Alternaria Alternaria (alternata, friticing, arborescens, Wheat, Carcinogemc; might be responsible for cesophageal cancer. AME. AOH
alternata cucumering, dauci, Hiuchiana, solani) barlev, oat E!(pe_rimems with rodents indicate the _follm‘ing mycotoxin acute Mice: 400 **
. toxicity: altemuene (ALT) = (tenuazonic acid) TeA = (alternariol TeA
lycopersic monomethyl ether) AME = (alternariol) AOH. Mice: 162 — 1154, 22572
(AALs) ALT
Mice: 50 %
Avenacein ¥ Fusarium (avenaceum, chlamydosporum, lateritium, Wheat Significant antibiotic properties against phytopathogenic bacteria with Mot available
fricinctum) low cell toxicity.
Butenolide Fusarium (avenaceum, crookwellense, culmorumi, Broad Associated with caftle diseases. synergistic effects with enniatins B. Mice: 44 % 275 F%
Eraminearum, poae, sambucinum, sporoirichioides,
fricinctum, venenaim)
Citreoviridin Aspergillus rerreus; Eupenicillium cinnamopurpurenm;  Rice Possibly involved in acute cardiac beriberi, sporadically associated Mice: 7.5 20-20F% 11
Penicillium (citreonigrum, mangindi, miczynskii, with vellow rice disease. =
smithii)
Citrinin (CTN)  Aspergillus (terveus chemotype II, carneus, niveus). Broad Potent nephrotoxin. Mice: 35— 58 110°%°
Blennoria sp.; Clavariopsis aguatic; Monascus ruber; Rat: 507
Penicillium (manginii, chrzazszii, cirinum, expansum, Rabbit: 19 %
odaratum, radicicela, verrucosum, westlingii)
Culmorin and Fusarium (crockwellense, culmorum, graminearim, Broad Synergistic effect with DON towards caterpillars. Low toxicity in in vifro
derivates langsethiae, poae, sporotrichioides) a55aVs
Cyclochlorotine  Penicillium islandicum Rice Chlorine containing cvclic peptides associated with yellowed rice ?{Iice: D3 §5F% 048
tox1c0osis. o )
Rat: 50" 5Fe (47
Aspergillus (flavus, lentulus, oryzae, Broad Potent organ damaging calcium chelating mycotoxin: produces focal Rat- 23 °F 35— 53 Pl

Cyclopiazonic
acid

parvisclerotiganus, pseudotamarii, tamarii);
Penicillium (camemberti, commume, dipodomyicala,
griseofilvum, palitans)

necrosis in most vertebrate inner organs.
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Deoxymivalenol —Fusarium (culmorum, srammearim, Broad Mausea, vomiting and stomach pains; chronic and fatal towic effects. At Mice: 8- 70'F, 46 - 78
(DON) and PrgndoEr i) the cellular level, the main toede effect is the inhibiton of proteim Druckling: 27 *°
derivatives syuthesis via hinding to ribosarms. Chicks: 1407
Diacf‘[gm'rjcitpe Fuzaum (Vememnaiom, poae, eguiset, spororichioides,  Broad Effects in inmmme systern, inhibits inigation of protein synthesis, Miige; 23°F
nol IZD'ﬂLE-':' lanezerhing, sambucim) killing rapidhy proliferatng cells. Bablit: 1.0
) Swine: 0.37°"
Enmiatins Frsarium (acumumaun, @anaceum, KrgTaiiiian, Broad Amnabiotic and ionophoric activity. Inducdon of apopiosizs. Enniatn B Whce: 13— 407 (death
(ENNz) (A, Al lgigritium, poge, sombucinum, spovoirickioides); often ooors together with eoniatin B1 and A within 2 — 5 days)
B E 1) m d. " Hulozarpein sp Perticilium hemipreriseum
cvclic peptides
Ergﬂ‘t alkalowds Claviceps (fusjormiz. paspall, puorpured) Flye Ergotsm in boman snd ammals, ergof alkalords canse vasoconsmicdon  Ergometrime
{erzolines) and nerotordcity including hallucimatons. Wiice: 160 ™, 448 7
= Fabhbit: 3.2
tamine
hlice: 265
Babbit: 37, 5507~
Fumonisins {EI_ Frsarium (@thophtium, dlaming, Raeforme, myeamT, Marze, Inferfere with some steps that confribue o cell mrowth Weak Ink with  F. werricillioides extract
E.B) prolferanm, fapsinu, vWrnc ioides) rmillat, increased rizk of throat cancer. Affect nervons system of horses Whre: 454517 7, = 1)
e sorghum, e
rice Chicks: 81-88'F
Fusaproliferin Fusaium (globosum, Suimiform, proliferamms, Maize Fecent rrycotodn which showes teratogenic and patholomical effacs in - Mot available
(FUS) PIeudOCTPCIIOR, PoeUaoT SR, fbe i, cell assays. Tomic in m vifrre mials to brine shrimp and maremalian
varticiiiinigesy cells
Fusarenon-X Frsarium (cuimorum, grammaarum, coskhwellese, Flice, It is toodc to mrine trymocyies. ymphecyte: and gastric epithelial Mlice: 4.5 ’
(FUS3D) Poae, nivale, SouUESerE, ricincim) wheat cell: and to lmmean hepatoblastoms calls, aouwe tomic effects on gasoe Far 447
apithelial cells in animals swch as voonane.
Momliformin Fusaum (@aiaceuts, napiieme, el Com, Cytotomic, inhibits protein synthesis and enrymes, chromosome hlige: 21 - 20°F
(MON) oxyamarum, prolifEram, subgluiinms, e, sorghmm damages. induce heart failore n maremals snd poulioy. Bar 42-50'"
thugmstmn, vertciloddes) roillat, Chicks: 5477
nce
MWivalenol Frsarium (Eramnamrin, pooe, aumoruy, venenarney,  Broad Hormione {pesrozen) mine, linited evidence of genotordciny Wlice: 417
(NTV) equiset, crookwellansd) Esmogenic toxin afects reproduction. Inhibition of protein synthesis,
Owhratoxin A Azpagilius (carbonaris, crerensis, focoulosus, Rice, Toxic 1o the kidneys (nephrotoxic) and the immmmes systern it is Whre: 22— 407 26-34"",
(OTA) lacticoifems, miger, oclraces, preudoeagans, whest clazsifed as 2 probable mumsn carcinegen. Mewroterns and 45581
. roseosiobulosum, sclerofionisar, sclevotiorum, seynil, inminnesImpress st Ba: 1267, 20-30™
suiphures, westerdlikiad); Neoperronpaes mumloamis; Chicken/swine: 2.1 —4.7F7
FPamiciilium (nordicum, verrucosum); Petromnices
(aibartensiz, ailunpces)
Patulin Aspergillus (clovaionmicg, clavan, Sieamses, Bye rice  Very toxic with various toxic effects; can harm the immmme system and  Baz 5-15'F, 15257, 25
lorgmvesica, farrens); Byssochiamys nivea Penscillium sasroinbesting] wact. — 45T
(cameum, clmigarnm, concemmicl, coprobiumm, Whce: 7.6'F
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dipodomyicola, expansum, formosanum, gladioli,
glandicola, griseqfiilvim, marinum, paneum,
sclerotigenum, vulpinum)

Mlice: 1 °F

Penitrem A Penicillium (clavigerum, crustosum, glandicola, Broad Myecotoxic indel-terpene with tremorgenic properties, implicated with
Janczewskii, melanoconidium, mlipae) mycotoxicoses of animals, suspected to be implicated in tremors
humans.
T-2 toxin and Fusarium (sporofvichicides, langsethiae, poae, Broad It is the most toxic of the Furarium trichothecenes. Interferes with Mice: 3.2'%_ 52-105F°
HT-? toxin sambucinum) protein syothesis and DNABNA svathesis (HT-2 toxin derivate is less  Rat: 52F% .
toxic). Swine: 1.2
Trichodermin Trichaderma viride Wheat, Potent inhibitor of plant grovath with several phytotoxic effects. It Mice: 500 *©
maize ihibits wheat coleoptile growth. Inhibits protein synthesis by binding
to ribosomes, proposed as antifingal and antmecplastic, used as tool in
cellular biochemistry.
Zearalenone Fusarium {gramimearum, culmorum, equiset, Broad Estrogenic activity in farm animals and it i3 implicated in Mice: == 500 t#-F2
(ZEA) crogiwellense) hyperestrogenic syndromes in humans.
Xanrhnmfgm_ﬂ Aspergillus (auricomus, brideeri, elegans, flocculosus, Broad Mycotoxicosis in anmmals, toxic to liver and kidneys in mammals. Mice: 450 F%

insulicola, melleus, neobridgert, ochraceus, osfianus,
persii, petrakii, roseoglobulosus, sclevotiorum, stevnii,
sulphreus, westerdifkiae); Microsporon cookie,
Neopemomyees muricatus; Penicillium (cyclopium,
Sfedi, janthinellum, mariaecricis, melanoconidium,
fricolor, viridicaium); Trichophyton (megninii,
mentagrophyvtes, rubum, vielaceum)

*F infraperitoneal administration;
¥ intravenous administration:
F® oral administration;

** subcutaneous administration.
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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)
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sprorphores (kinds of hyphae)

sporangiophore

(a kind of sporophore)
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stolon (a kind of hyphae)

Penicillium

« Thallus consists of a highly . =
branched network of multinucleate, 2K chioid hyphae o
septate, usually colorless hyphae 'ﬁﬁL ‘

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.
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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.

()
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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.

e Alternariosis
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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 °Q)

 Claviceps africana (infects sorghum,
promote secretion of honeydew)




« The major cereal crops: wheat
(7riticum spp.), rice(Oryza spp.),
maize (Zea mays L.), and barley
(Hordeum vulgare L.)

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

SUMMARY * Filamentous fungi produces
mycotoxins.
« Mycotoxins can be carcinogenic,

mutagenic, genotoxic, teratogenic,
neurotoxic, and oestrogenic.




» Fungal infections cause quality and
q#a.ntrty losses in the food cereal
chain.

» Cereal crop diseases lack effective
prevention strategies and cost

€ billions.
CONCLUTION / » Antifungal lactic ac.ifd baclteria IS a
FURTHER STUDY e aurdle antifunga

« 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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