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ABSTRACT 

The most common contaminants of grain flour and their products are molds. Values of wheat and grain flour water activity (aw,) 
in most cases, range between 0.70 and 0.86, which allows an optimal growth for xeriphile molds, including Penicillium species. Some 
of them synthesize and excrete  secondary metabolites, mycotoxins with different level of toxicity, into the substrate. 

The aim of this study was to determine presence of potentially toxigenic Penicillium species in buckwheat, corn and rice flour.  
Penicillium species are isolated from all the samples of flour. Eight Penicillium species were determined: Penicillium 

aurantiogriseum, P.expansum, P. chrysogenum, P. commune, P. griseofulvum, P. glabrum, P. rugulosum and P. oxalicum. The 
isolated Penicillium species are potentially toxigenic. Among the isolated Penicillium species P. aurantiogriseum and P. expansum 
were the most dominant species with a total frequency of appearance of more than 40 %. 

Key words: flour, molds, Penicillium species, P. aurantiogriseum, P. expansum. 

REZIME 

Žitarice su bogate ugljenim hidratima, proteinima, mineralima, vitaminima i drugim hranljivim materijama i odlikuju se visokom 
nutritivnom vrednošću. Radi prerade u mlinske proizvode, kao i za neposrednu ljudsku upotrebu najznačajnije su sledeće: pšenica, 
raž, kukuruz, pirinač, heljda i druge. Najčešći kontaminenti zrna žitarica i njihovih proizvoda su plesni. Brašno može biti u manjem 
ili većem stepenu kontaminirano plesnima koje kolonizuju zrna žitarica još u polju u toku sazrevanja, zatim u toku žetve i transporta 
kao i za vreme skladištenja. Pod nepovoljnim uslovima čuvanja ovi mikroorganizmi mogu da izazovu brojne direktne i indirektne 
štete. Direktne štete se ogledaju u pojavi plesnivosti ovih proizvoda vezane za štetan uticaj na zdravlje ljudi, dok su indirektne štete 
ukoliko je došlo do sinteze toksičnih metabolita od strane toksigenih vrsta. Aktivnost vode (aw) zrna žitarica i brašna kreće se 
uglavnom u granicama između 0,70 i 0,86 što kserofilnim plesnima, uključujući i Penicillium vrste omogućava optimalan razvoj. 
Neke od njih sintetišu i izlučuju u supstrat sekundarne metabolite mikotoksine, različitih nivoa toksičnosti.  

Cilj rada bio je da se izvrši determinacija Penicillium vrsta prisutnih u heljdinom, kukuruznom i pirinčanom brašnu, frekventnost 
prisutnih vrsta i potencijalno toksigenih vrsta. 

Penicillium vrste su izolovane iz svih uzoraka brašna. Determinisano je osam Penicillium vrsta, Penicillium aurantiogriseum, 
P.expansum, P. chrysogenum, P. commune, P. griseofulvum, P. glabrum, P. rugulosum i P. oxalicum. Izolovane Penicillium vrste su 
potencijalno toksigene. Od izolovanih Penicillium vrsta P. aurantiogriseum i P. expansum bile su najdominantnije vrste sa 
učestalošću pojavljivanja 40%.  

Ključne reči: brašno, plesni, Penicillium vrste, P. aurantiogriseum, P. expansum. 
 

INTRODUCTION 
Man has been using cereal grains in his nourishment since 

ever. One of the essential principle of correct and healthy 
nourishment is daily consumption of whole-grain cereals. The 
proper nourishment has become one of the most important issues 
of modern man (Radosavljević, 2010). The most frequent cereals 
in human nutrition are wheat, rice and corn, while other species 
such as oat, barley, rye, millet and pseudocereals – buckwheat 
and sorghum, are present in a smaller amount. The basic 
technological process in cereal processing is milling. Flour is the 
main raw material for further processing. Wheat products 
present a staple food in human nutrition. 

Whole grain flour is a high quality food component 
regarding nutritional characteristics, due to respectable amounts 
of vitamins, minerals, and especially dietary fiber. On the other 
hand, cereal grain is susceptible to different types of 
contamination during ripening, harvesting, storing and 
processing period. Molds are the most frequent contaminants of 

wheat grains. In the environment of appropriate moisture level, 
especially after the harvest period, if grains are not properly 
dried, molds are capable of intensive reproduction. By 
examining a microscopic structure of grain it was determined 
that infection occurs in cracks on shell of grain and germ area. 
The germ is actually primarily subjected to contamination 
because the protective layer is thinner in that area (Žeželj, 1995). 
Molds that appears as flour contaminants in the most cases 
originate from cereal grains. Therefore, molds are only partially 
removed during the milling process, especially if they penetrate 
inside the grain by the filaments they posses. Flour represents an 
adequate substrate for xerophyle molds growth, because it can 
contain up to 15 % of moisture. Xerophyle molds are present in 
Aspergillus, Penicillium and Eurotium genera. Species of 
Aspergillus, Penicillium and Eurotium genera are so called 
„storage“ molds that develope in substrates with reduced 
moisture content „Storage“ molds prefer lower moisture content 
of the substrate (dried fruit, powdered milk, grains and bakery 
products) and higher temperatures, therefore they are the most 
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frequently isolated form of molds (Sinovec et al., 2006). 
Mycological analysis showed that maize grains were 
contaminated with many yeasts and fungal genera such as Mucor 
spp., Alternaria spp., Rhizopus spp., but Penicillium spp. and 
Aspergillus spp. were the most abundant isolated genera of fungi 
(Mariotti et al., 2011). Values of wheat and grain flour water 
activity in the most cases, range between 0.86 and 0.70, which 
allows an optimal growth of xerophyle and xerotolerant molds 
(Škrinjar et al., 2000). 

During the growth on/in food, filamentous molds may 
produce a large amount of enzymes: lipase, protease, 
carbohydrogenase. Mold enzymes could continue their activity 
in food independently from destruction or elimination of 
micelles. Enzymatic activities could lead to change of taste, 
odor, color and consistency of food (Tindale et al., 1989; 
Whitfield et al., 1991; Filtenborg et al., 2004). Molds may act 
directly on the organism by causing the disease called mycoses. 
However, molds are also capable of producing numerous 
secondary metabolites, mycotoxins, which are toxic for humans 
and animals. Mycotoxins are stable at elevated temperature and 
therefore they are not degraded during baking, which destroy 
only vegetative forms of microorganisms (Kwaśnievska-Karolak 
et al., 2014). Furthermore  mycotoxins are responsible for 
causing diseases called mycotoxicoses. 

Penicillium species have potential to grow in most of 
substrates (foodstuffs) During microbiological examination of 
food, P.aurantiogriseum were the most frequently isolated 
species in Serbia. These species grow under wide temperature 
interval, from -2 to 30 °C (the optimal temperature is 23 °C), 
furthermore, they also require a minimal aw value of 0.81. 
P.aurantiogriseum is known as a various toxic compounds 
producer, such as: penicillic acid, penitrem A, cyclopiazonic 
acid, ochratoxin A. 

P. expansum also grows under wide temperature conditions, 
from -6 to 35 °C, with the optimal temperature of 25 °C. 
Minimal aw value that is necessary for germination is from 0.82 
to 0.83. It can also grow in conditions with low oxygen content 
(less than 2.1%), while the presence of carbon dioxide in the 
atmosphere (under 15 %) encourages their growth. P. expansum 
is the most isolated species from fruit. In addition, these species 
are phytopathogenic for many agricultural and fruit sorts. P. 
expansum are toxigenic species and can synthesizes a large 
number of mycotoxins, such as patulin, citrynin and roquefortine 
C (Samson et al., 2004; Škrinjar and Tešanović, 2007; Pitt and 
Hocking, 2009). 

MATERIAL AND METHOD 
Buckwheat, corn and rice flour were examined. Five samples 

of each type of flour were investigated.  
Isolation and determination of molds present in the 

investigated media was conducted on two different substrates: 
1. Dichloran 18 % glycerol agar (DG18) was applied for 

isolation of xerotolerant molds that grow on aw < 0.90 
2. Malt yeast extract 50 % glucose agar (MY50G) was 

applied for isolation of extremely xerophyle molds that 
grow on aw < 0.70 (Samson et al., 2004; Pitt and Hocking, 
2009). 

The incubation temperature was 25 °C on both substrates, 
while results were evaluated after five and seven days. 
Examinations were conducted in triplets. 

Colonies that were assumed to belongs to Penicillium species 
were transferred on Czapek yeast extract agar (CYA). Seeded 
surfaces were incubated in period of 7 days on 25 °C. 

The criteria described by Samson et al. (2004), Samson and 
Frisvad (2004) and Pitt and Hocking (2009) were applied for 

species identification. Taxonomic classification was determined 
on the basis of macromorphological and micromorphological 
characteristics of growing colonies. 

RESULTS AND DISCUSSION 
According to the obtained results, Penicillium species were 

isolated from all investigated flour samples. Furthermore, eight 
different Penicillium species were isolated.  
 

Table 1. Penicillium species isolated from flour samples 

Sample 

Number of 
examined 

samples/number 
of cantaminated 

samples 

Species 
Number of
contami. 
samples 

Buckwheat
flour 

5/4 

P. aurantiogriseum 3 
P. expansum 3 

P. griseofulvum 2 
P.oxalicum 1 

Corn 
flour 

5/4 

P.expansum 3 
P.aurantiogriseum 2 

P.glabrum 1 
P.chrysogenum 1 

  P.commune 1 
  P.rugulosum 1 

Rice 
flour 

5/3 
P. aurantiogriseum 2 

P. expansum 1 
P.oxalicum 2 

 

The most Penicillium species (six) were isolated from corn 
flour (Table 1). Four of Penicillium species were isolated from 
buckwheat flour. Three of Penicillium species were isolated 
from rice flour.  

The predominant Penicillium species in all the samples were 
P.aurantiogriseum and P.expansum, with the frequency of 
appearance of approximately 40 % (Figure 1). 
 

 
A      B 

Fig. 1. Visual appearance of Penicillium species colonies 
isolated from buckwheat, corn and rice flour:  

A- P.aurantiogriseum and B- P.expansum 
 

There are several contamination sources of cereal flour, 
during the production process, harvesting, storing, and 
transportation period. Apart from bacteria and yeasts, 
phytopathogenic micoorganisms include filamentous molds. 
Grain can get contaminated during further processing. The most 
common contaminants also include xerotolerate Penicillium 
species, which require a minimal moisture content of 14 % for 
growth and development (Oliveira et al., 2014). 

According to the results of Ismail et al. (2012), the most 
frequently isolated species of molds in the samples of rice flour 
were Penicillium species (80 %). Halt et al. (2004), shown that 
dominant types of molds from flour samples belong to the 



Plavšić, Dragana et al. / Presence of a Potentially Toxigenic Penicillium Species in Wheat Flour  

Journal on Processing and Energy in Agriculture 19 (2015) 4 213 

Table 2. Isolated potentially toxigenic Penicillium species, representation in examined 
samples of flour and their mycotoxins (Samson et al., 2004; Pitt and Hocking, 2009;  
Kocić-Tanackov, 2012) 

Genera Species 

Frequency 
of 

appearance 
(%) 

Mycotoxin 

Penicillium 

P.aurantiogriseum 40 
penicillic acid, verucosidin, nephrotoxin, 

glycopeptides,anacine, 
auranthine,aurantiomine, ochratoxin A 

P.exspansum 40 
roquefortine C, patulin, citrynin 
communesin, chaetoglobosin C 

P.chrysogenum 6.67 
roquefortine C, meleagrine, 

penicillin,ochratoxin A 

P.commune 6.67 
cyclopiazonic acid, rugulovasine A and 

B, cyclopaldic acid 

P.griseofulvum 13.33 
roquefortine C, cyclopiazonic acid, 

patulin, griseofulvin 
P.glabrum 6.67 citromycetin 

P.rugulosum 6.67 rugulosin 
P.oxalicum 20 secalonic acid  D and F, oxaline 

Penicillium genera (56 %). Demirel and Sariozlu (2013) were 
noticed the significant presence of Penicillium species (42.65 %) 
as a contaminating mycopopulation of flour. Furthermore, in 
accordance with results of Weidenbörner and Kunz (1993, 
1994), the most dominant mold species in buckwheat and 
derived products were P. aurantiogriseum, which is isolated in 
15.6 % from all the samples. 

Penicillium species isolated from examined samples are 
potential mycotoxin producers (Table 2) (Samson et al., 2004; 
Pitt and Hocking, 2009). P. aurantiogriseum as a dominant 
species are well known as potential producers of numerous toxic 
metabolites. Furthermore, it was observed that P. 
aurantiogriseum could synthesise ochratoxin A. According to 
the results of Škrinjar et al. (1992), 38 % of isolates were 
biosynthesis mycotoxins in concentration of 40.0 to 65.0 µg/kg. 
Ožegović and Pepeljnjak (1995) also consider P. 
aurantiogriseum as a potential ochratoxin A producer. 
Ochratoxin A is considered as a potential nephrotoxin and a 
possible cause of urogenital tract tumor in humans and animals. 

P. expansum and P. griseofulmum are refered as the most 
significant producers of patulin in food (Kocić-Tanackov and 
Dimić, 2013). Patulin is stable at low pH values, it is resistant to 
high temperatures as well, therefore a pasteurisation process on 
temperature of 90 °C during 10 seconds period is not appropriate 
for patulin degradation (Silva et al., 2007). Table 2 shows 
presence of isolated Penicillium species and mycotoxins which 
can to synthesize.  

 

CONCLUSION 
Presence of Penicillium species was observed in all types of 

flour (buckwheat, corn and rice). Total number of eight 
Penicillium species was determined. The most various species 
were determined in corn flour. The predominant species were P. 
aurantiogriseum and P. expansum, followed by P. oxalicum and 
P. griseofulvum. All of the isolated species are potentially 
toxigenic. Moisture contents were up to 15 %, which is an 
optimal environment for growth and development of xerotolerate 
mold species. In regards to Penicillium species, the important 
factor for growth and development is a minimum moisture 
content of 14 %. It was probably one of factors that favors a 
large number and frequency of Penicillium species appearance in 
flour and related products. 
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