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Abstract 

The antifungal activity from rice, oat and wheat crude proteic extracts on the development of 
Fusarium graminearum CQ244, Aspergillus flavus CCT 1217 and Rhizopus oryzae CCT 
7560 was investigated intending to identify their potential as natural fungicides. The crude 
proteic extracts from cereals were prepared in ethanol and the antifungal properties were 
evaluated using the glucosamine, produced by the biomass as a response. F. graminearum 
was inhibited by wheat extracts, while that A. flavus was inhibited by oat extracts. R. oryzae 
was few inhibited. Proteic extracts in higher concentrations may be applied in field and/or 
storage, as natural antifungal. 
Keywords: Cereal, Proteic extracts, Antifungal activity, Enzyme inhibitors 
1. Introduction 
The grains contamination is inevitable and many biotic and abiotic factors affect this. Many 
species are toxigenic and among them the Aspergillus and Fusarium are also phytopathogenic, 
causing diseases that are difficult to control in cereal crops (Dambolena et al., 2012; Lee et al., 
2007). The knowledge about natural resistence against specific fungal genus and its location 
in the vegetable might be a strategic way to control the contamination problem (Armando et 
al., 2013). Some researchers have attempted to find these natural compounds products with 
antifungal effects for proper that might be recovery from wastes as interesting possibility, for 
economic and environment benefits (Pagnussatt et al., 2012b; Viuda-Martos et al., 2008). 
Then, simple tools for identify this properties are very useful to technology development 
preventing crops environment and human health damage (Zao et al., 2010; Del Río et al., 
2003).  
Among the compounds naturally present in plants tissues, some inhibit the microbial activity, 
such as alpha-amylase inhibitors which can alter fungal growth (Pagnussatt et al., 2012a; 
Pagnussatt et al., 2011a; Figueira et al., 2003). Others proteic compounds are being related to 
the expression of the biosynthesis regulatory gene, or even block the activity of the enzyme in 
the microorganism or insects metabolism (Lee et al., 2007; Kadozawa et al., 2002). The 
screening of these natural antifungal compounds is the first step to select a variety but 
recovery them from cereal wastes (Velutti et al., 2004), allowing a sustainable agriculture and 
promoting environmental quality is not a frequent evaluation. However, this would be a 
promising alternative to limit the fungal contamination.  
The antimicrobial activity can be determined by in vitro or application tests. In the screening 
method, the crude compounds under study are applied directly on the product and provide 
preliminary information about its defense potential. In other type the antimicrobial agent is 
applied directly in a culture media and its effect is evaluated by hyphae inhibition or chemical 
fungal constituent’s production (Del Río et al., 2003).  
The glucosamine (GlcN, 2-amino-2-deoxy-D-glucose) and its acetylated form, 
N-acetylglucosamine (GlcNAc, 2-acetamido-2- deoxy-D-glucose) are constituted by chitin 
and chitosan units. These compounds are synthesized by yeastor fungi species and had being 
used as microorganism growth indicator (Sitanggang et al., 2010). Each especies produced 
glucosamine in according to it biomass characteristics, but in any case the glucosamine 
increase is related to biomass evolution (Souza et al., 2011). In this work, the glucosamine 
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production was chosen as indicator of the extract effect because it provides information about 
the fungal multiplication under different medium conditions (Del Río et al., 2003).  
To our knowledge, there is not yet any published study on the use of proteic compounds 
obtained from rice, oat and wheat to prevent fungal contamination in order to recovery them. 
In this paper, we report the preliminary results of the antifungal activity evaluation from rice 
(Oryza sativa L.), oat (Avena sativa L.) and wheat (Triticum aestivum L.) crude proteic 
extract on the development of Fusarium graminearum CQ244, Aspergillus flavus CCT1217 
and Rhizopus oryzae CCT7560, intending to screen their natural defense potential against 
fungal contamination and so establish a process to recovery and apply them in many steps of 
the productive chain.  
2. Materials and Methods 
2.1 Fungal species 
Rhizopus oryzae (CCT 7560) and Aspergillus flavus (CCT 1217) were obtained from the 
Tropical Collection Andre Tosello Foundation (São Paulo, Brazil) and Fusarium 
graminearum (CQ 244) from the Phytopatology Department of Federal University of Rio 
Grande do Sul collection (Porto Alegre, Brazil). They were kept on potato-dextrose-agar 
(PDA) slants at 30 and 22 ºC during 7 days.  
2.2 Crude Proteic Extracts 
Rice (Oryzae sativa L.) cultivar BR 424, oat (Avena sativa L.) cultivar UPFA 22 Temprana and 
wheat (Triticum aestivum L.) cultivar Safira were grounded until a 42 mesh particle size and 
the whole cereal was employed. The samples were stored during 6 months at 4 ºC in sealed bag. 
The inhibitors extraction from oat and wheat was carried out with ethanol 12mM L-1at the ratio 
of 1:5 (w/v), during 12 hours, and ethanol 16 mM L-1 during 7 hours to rice samples 
(Pagnussatt et al., 2011a). The alcoholic proteic extracts were dried under nitrogen, and 
dissolved in sterile water, homogenizing in an ultrasonic bath.  Different aliquots were added 
on each plate in order to obtain a final soluble protein concentration of 40 mg (based on IC50) to 
evaluate their antifungal properties. The protein content in the extracts was carried out by 
Lowry method (1951).  
2.3 Protein Fractionation Procedures 
Samples of rice, oat and wheat were subjected to successive extractions with each of the 
following solvents: distilled water to extraction albumin, 1% sodium chloride solution for 
globulin, 70% ethanol solution for prolamins and 0.4% sodium hydroxide solution for glutelins. 
Distilled water (10 ml) was added to 1 g sample at 25 ºC during 30 minutes. Suspensions were 
then centrifuged at 240 g for 10 minutes, and the supernatant was decanted. Additional solvent 
(10 ml) was added to the centrifuge tube and the insolubles were washed twice with the 
respective solvents. The supernatant was stored at 4 ºC until quantification. Insoluble residue 
from the water extraction was combined with solution of sodium chloride by the same 
extraction procedures. After successive extraction with distilled water, sodium chloride and 
ethanol solutions, the insoluble residue was extracted with sodium hydroxide solution, 
according Osborne (1924). Material remaining after the extraction with the four solvents was 
quantified using the Lowry method (1951).  
2.4 Antifungal Activity 
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PDA plates were prepared using Petri dishes (90 x 20 mm in diameter) containing twenty five 
millilitres of PDA. Five milliliters of sterile water (control) or diluted crude proteic extract 
were added in the plates, and then inoculated with 4 x 105 spores of Rhizopus oryzae CCT 7560, 
Aspergillus flavus CCT 1217 or Fusarium graminearum CQ 244. They were incubated at 22 
ºC. The antifungal activity was evaluated by the glucosamine content, after 7 days. The percent 
inhibition of the glucosamine content of the target fungi was calculated according to the 
following formula. Percent inhibition = (C-T)/ C x 100, where C = glucosamine content in the 
dry biomass on the control medium and T= glucosamine content in the dry biomass cultivated 
with the inhibitor. The experiments were carried out in duplicate. 
2.5 Glucosamine Determination 
The dry fungal biomass (1 g) was extracted with 5 mL of HCl 6 mol L-1 at 121 ºC during 20 
minutes. The hydrolyzed was neutralized with NaOH 3M and the reverse titration were carried 
out with KHSO4 (1 g 100mL-1). Finally, glucosamine was assayed by colorimetric method 
(Souza et al., 2011). The absorbance units were obtained spectrophotometrically (Varian Cary 
100) at 530 nm and the concentrations were established with a glucosamine standard curve 
(0.01 to 0.2 g L-1). The measurements were carried out in triplicate and the results were 
expressed as glucosamine per mg protein. 
2.6 Statistical Analysis  
The difference of antifungal activity from the proteic extracts were evaluated by ANOVA and 
the means comparisons by Tukey’s test. Differences were considered significant when p < 
0.05. 
3. Results and Discussion 
Albumin and glutelin represented the major soluble-protein fractions in rice grains (e.g. 
Figure 1). Wheat grains had high amounts of prolamine and glutelin, which is associated with 
their functional properties. The prolamine fraction represented 18.5% of the total 
soluble-protein in oat grains (Pagnussatt et al., 2011b) and this fraction was chosen  
consisting the literature mentions about enzymatic inhibitors from other vegetables are 
presented in this prolamine fraction (Figueira et al., 2003). It is important to remember that 
highest concentration of protein are in the other layers of the grains. 

 
Figure 1. Protein fractions from the cereals 



Journal of Applied Biotechnology 
ISSN 2327-0640 

2013, Vol. 1, No. 1 

www.macrothink.org/jab 41

Protein content on the prolamine fraction in crude extracts from rice, oat and wheat were 70.4 
mg g-1, 131 mg g-1 and 179 mg g-1, respectively. The glucosamine produced by Rhizopus 
oryzae, Aspergillus flavus and Fusarium graminearum cultive on the control media or proteic 
extracts in the tests during 7th days are in Table 1. The Fusarium growth on media containing 
wheat, oat and rice extract were observed, but the radial growth could not be determined 
because it presented an irregular growth. 
 
Table 1. Glucosamine produced* (mg glucosamine/ g dry biomass) by the fungus Rhizopus 
oryzae, Aspergillus flavus and Fusarium graminearum in the presence of inhibitory extracts 

Glucosamine 

Extracts Rhizopus oryzae Aspergillus flavus Fusarium graminearum 

7º 5º 7º 5º 7º 

Control 4.27I 1.90b,c 1.11a 1.4C 0.2A 

Rice 8.65II 1.35a,b 3.46d 1.3 B 0.1A 

Oat 11.93III 2.01b,c 4.21d 0.8 B 0.13A 

Wheat 5.63I,II 0.93a 2.34c 1.2 B 0.15A 
*Means followed by the same letter/number didn’t differ statistically according to Tukey’s 
test at the level of 95%when compared to control. Crude extract was tested at 40 mg protein 
on each plate. 
 
Proteic extracts have not showed inhibitory activity against Rhizopus oryzae, while to 
Aspergillus flavus and Fusarium graminearum the reduction was demonstrated by the lowest 
glucosamine level. The greatest Fusarium graminearum inhibition (43%) was at the 5th for oat 
extract followed by wheat extract (15%) and the minor (8%) when rice  proteic extract was 
applied. 
The wheat extract inhibited 52% the Aspergillus flavus multiplication at the fifth day and the 
rice extract presented 32% inhibitory activity. At 7th, the presence of the extract triggered 
fungal multiplication, showing that the inhibition was reversed or that the micro-organism used 
alternative pathways to obtained nutrients.  
The study of protein solubility in cereals showed that prolamine fraction was different among 
them, however when its content was lower, higher inhibitory effect was verified against 
Fusarium graminearum; indicating an inversely proportional relation between them. 40 mg 
of proteins were used and the IC50 values to inhibit Aspergillus flavus with oat extracts and 
Fusarium graminearum with wheat extracts were obtained. Velluti et al. (2004) and 
Pagnussatt et al. (2012b) also observed that multiplication of Fusarium graminearum species 
decreased when essential oils concentrations and phenolic compounds were increased. 
Based on these data, new experiments will be carried out containing higher protein 
concentrations in order to find the IC80 for these micro-organisms with oat and wheat extracts 
and the IC50 for rice extracts. It is noteworthy that the present work is an in vitro study, where 
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the inhibitors were concentrated to verify its action. Based on these results, in vivo study will 
be necessary to confirm its effect. 
Fusarium graminearum tested in this study was isolated from wheat cultivated in southern 
Brazilian region and their toxigenic potential was demonstrated by DON production in 
culture medium. Its multiplication was demonstrated by the mycelial development decreased 
when the proteic extracts were applied in the culture media, suggesting a fungistatic effect, 
which in the wheat could be able to prevent deoxynivalenol production (Del Ponte et al., 
2012).  
Caruso et al. (2001) also indentified a glycoprotein isolated from wheat with inhibitory 
activity against Fusarium culmorum, which indicates a protective role against this pathogen 
attack in the field. The basic structure of this protein was studied and the authors concluded 
that it was able to enter in the fungal cell, leaving the wall intact. After it had become inserted 
in the host cell’s cytoplasm, the antifungal activity of the protein was performed on the 
endogenous RNA (Bertini et al., 2009). Lee et al. (2007) reported that a rice protein could 
suppress Fusarium oxysporum, Fusarium solani, Aspergillus fumigatus and Aspergillus 
parasiticus growth too. There are reports similar to the observed in this experiment, when the 
proteic extracts decreased Fusarium graminearum CQ 244 multiplication in the crude form. 
However this is not according to the frequent occurrence of the genus and their mycotoxins in 
wheat (Del Ponte et al., 2012). 
Kadozawa et al. (2002) found a possible enzymatic inhibitors effect during germination as a 
defense of maize against Fusarium verticillioides and Sitophilus zeamais. Figueira et al. 
(2003) also observed the ability from maize extracts inhibiting the Fusarium verticillioides 
growth, as well as insects, which often provide favorable conditions for fungal development. 
Besides cereals, other raw materials are used in antifungal activity tests, such as thyme and 
essential oils that were added on tomatoes and could inhibit the Aspergillus flavus. 
Microorganisms, such as Bacillus vallismortis, were also studied about its ability on 
preventing the pathogenic fungi proliferation, and it was showed that its extract inhibited in 
90% and 50% the Alternaria alternata and Fusarium graminearum growth, respectively (Zao 
et al., 2010). These reports and others results suggest that plants protection mechanism based 
on amylase inhibitors seem to be more efficient against pathogenic organisms, such as 
Fusarium genus. In a similar way, in this study it was demonstrated that proteic extracts from 
cereals presented inhibitors ability against Fusarium graminearum and was able to inhibit by 
50% the amylase activity from commercial enzyme Fungamyl® (Pagnussatt et al., 2012a) 
that represent a particular agronomic importance to food and feed grain production.  
Different inhibitory effects observed against Rhizopus oryzae, Aspergillus flavus and 
Fusarium graminearum may be related to their class. Fusarium graminearum and Aspergillus 
flavus¸ classified as ascomycetes, with sexual spores that are stored in ascus shaped cells, 
such conformity generates a lower sporulation rate, being the proteic inhibitor more efficient 
due to the greater interaction time with the cells before the latence interval (Leslie & 
Summerell, 2006). Rhizopus oryzae, classified as zygomicetes, present hypha without septa 
and their spores, resulting in high sporulation and rapid growth; such enzymatic pool allows 
faster responses to exogenous factors, resulting in a smaller interaction with the inhibitor. The 
low water activity in the cell could provide a minor efficiency to the proteic inhibitor too. 
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4. Conclusions 
The results suggest that the proteic extracts from cereal wastes may be considered a suitable 
alternative to chemical pesticides if they could be recovery from the matrix. Their employ 
alone or in a mix could attend the needs for safety and satisfy the demand for natural 
components as preservative and allow the environment protection against chemical 
contamination. In subsequent studies, antifungal activity will be evaluated considering other 
properties that allow their application to prevent fungal contamination. 
Wheat extract were more efficient at the Aspergillus flavus inhibition, while the oat extracts 
inhibited Fusarium graminearum up to 50%.  
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