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1 Introduction
Corn is a versatile grain that can be used for human 

consumption in its raw form or as corn-based products of great 
economic value (Kathage et al., 2016). However, corn crops are 
prone to fungal infections in the field, after harvest, and also 
during storage (Grenier & Oswald, 2011). The genus Fusarium 
is found in soil and in the atmosphere, and it can contaminate 
corn during field cultivation and may persist through storage 
(Leslie & Summerell, 2008). Inadequate harvesting methods, 
drying, handling, storage and poor transport, change micota in 
the substrate and increase the risk of other mycotoxin production 
with sinergic effect, increasing the risk of mycotoxin production 
(Marin et al., 2013).

Among the mycotoxins produced by genus Fusarium 
are: trichothecenes (type A, HT-2 and T-2, and type B toxin, 
deoxynivalenol, DON, and acetylates); zearalenone (ZEA); 
fumonisin B1 (FB1) and B2 (FB2). There are also emerging 
mycotoxins that include enniatins (ENs) and beauvericin (BEA), 
which were discovered after other Fusarium mycotoxins, such as 
fumonisins and trichothecenes (Krska et al., 2008; Marin et al., 
2013; Wokorach et al., 2021). These mycotoxins can be harmful 
to human and animal health, even after the food has been 
processed, since most mycotoxins remain stable through the 
processing operations (Schaarschmidt & Fauhl-Hassek, 2021). 
They may cause acute toxicity, such as estrogenic effects, as well 
as inducing long-term consequences, such as carcinogenicity, 

mutagenicity, teratogenicity or immunotoxicity in animals and 
humans (Bennett & Klich, 2003).

The application of antifungals, that can reduce the mycotoxin 
contamination, has been studied; however, it has not always 
been possible to determine the best agricultural system to use 
in order to reduce the risk of contamination (Arino et al., 2007; 
Cirillo et al., 2003; Magkos et al., 2006; Scaglioni et al., 2018). 
It is important to consider that there are evidences that these 
antifungal compounds are available in wastes from agroindustry, 
in special the phenolic family (Denardi-Souza et  al., 2018a). 
Their potential against Fusarium genus could be better studied 
regard the toxigenic potential manifestation, including the 
emerging mycotoxins ENs and BEA production. If the phenolic 
extract proves to be effective in preventing the growth of fungi 
or inhibiting the production of Fusarium toxins, it will also be 
a good alternative to the reuse of waste, solving some aspects 
of environmental concerns and food safety.

Therefore, this context shows an alternative for the reuse 
of agroindustry residues through the recovery of antifungal 
compounds or mycotoxin inhibitors. In this study phenolic 
extracts obtained from rice bran cultivated with Rhizopus oryzae 
were evaluated about their abitily to inhibit the production of 
trichotecenes and emerging mycotoxins by Fusarium strains on 
sweet corn cobs (Zea mays L.).
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2 Materials and methods

2.1 Strains and methodology

Rhizopus oryzae (CCT 7560) a generally recognized as safe 
(GRAS) fungi specie, was obtained from  Fundação André Tosello, 
Campinas, Brazil. Cultures were kept on an inclined plane at 
4 °C on potato dextrose agar (PDA). Spores were scraped with 
0.2% Tween 80, yielding an aqueous emulsion. PDA was used 
for new spore incubations for 7 days at 30 °C in Petri dishes. 
Spores were then scraped with a Drigalski spatula, counted with 
a Neubauer chamber (Laboroptik Ltd., Lancing, UK), and used 
as inoculum.

Strains of Fusarium poae, Fusarium graminearum and 
Fusarium cerealis were purchased from Colección Espanola de 
Cultivos Tipo (CECT), University of Valencia, Spain. All strains 
were maintained in PDA at room temperature (25 °C), and their 
spores were harvested at the time of analysis.

2.2 Rice bran fermentation

The rice bran used as substrate was supplied by agroindustries 
from Rio Grande do Sul, Brazil. Fermentation was carried out 
in tray reactors (12x8x4 cm3) in rice bran, with standardized 
granulometry (<0.56 mm) in 2 cm layers, which was autoclaved. 
The substrate (100 g) was homogenized with 45 mL nutrient 
solution (2 g/L KH2PO4, 1 g/l MgSO4, 8 g/L NH2CONH2 in 0.4 N 
HCl), and the moisture of the system was adjusted to 50% with 
sterile water before beginning the culture. The inoculation was 
performed with a R. oryzae spore suspension at 4.0x106 spores/g 
substrate. The reactors were covered with sterile gauze and then 
incubated at 30 °C for 48 h. After incubation, the biomass was 
stored at -18 °C until it was extracted for the phenolic compounds 
(Schmidt et al., 2014).

2.3 Extraction and quantification of phenolic compounds

The phenolic compounds were extracted from rice bran 
biomass samples using methanol (1:10, m/v), as described by 
Souza et al. (2011) with modifications. Five milliliters distilled 
water was added to the samples, which then stood for 30 min. 
Hexane was added and the samples were homogenized for 
30 min on a horizontal shaker. Methanol was added and the 
stirring was continued. The samples were centrifuged, and the 
hexane fraction discarded. Methanol present in the extract was 
evaporated on a rotary evaporator at 50 °C, and the residual 
aqueous solution was clarified with 5% ZnSO4 and 0.1 M Ba 
(OH)2 and filtered. The phenolic extract was lyophilized and 
stored at -18 °C.

The lyophilized extract was resuspended in distilled water 
and quantified using Folin Ciocalteu reagent at 750 nm and a 
standard curve of gallic acid (8.5-25.5 μg/mL; (Souza et al., 2011).

2.4 Application in sweet corn

To evaluate the phenolic extracts effect on mycotoxin 
production they were applied to sweet corn cobs, for which 
6 cm of the lower end and 3 cm of the upper end were discarded, 
resulting in 3 parts of 3 cm each (Figure 1).

A stem was fixed to the center of each cob for better handling. 
With the aid of a manual disperser, the phenolic extract was applied 
at 0.25%, 0.5% or 1.0% (p/v) as a spray. Corn cob segments were 
maintained vertically, and after the extracts had dried, spores 
(1x103 spores/g) of F. poae, F. graminearium and F. cerealis were 
added. A control experiment was conducted where the phenolic 
extract was replaced by sterile water.

The sweet corn cobs were incubated in glass containers 
covered with plastic film, with holes for air circulation (Figure 2). 
Incubation was conducted for 15 days at room temperature (25 °C) 
before the samples were subjected to mycotoxin extraction.

2.5 Extraction of multi-mycotoxins

At the end of the experiment, the sweet corn cobs were 
autoclaved, the grains were removed and frozen at -8 °C. Still 
frozen, the kernels were finely ground with an Oster Classic 
grinder (Newell Brands, Madrid, Spain).

The method for multi-mycotoxins extraction was standardized 
by Quiles et al. (2016) and Saladino et al (2017). Five grams of 
each sample was weighed in a 50 mL plastic tube and 25 mL 
methanol were added. Extraction was performed using a 
T18 basic Ultra-Turrax (IKA-Werke GmbH & Co., Staufen, 
Germany) for 3 min. The extract was centrifuged at 4500 x 
g for 5 min at 5 °C and the supernatant was evaporated in a 
Büchi Rotavapor R-200 (Büchi Labortechnik AG, Postfach, 
Switzerland). Dried residue was dissolved with 5 mL methanol, 
that were evaporated under nitrogen at 35 °C using a TurboVap 
LV evaporator (Zymark, Hopkinton, MA, USA). The residue was 
resuspended with 1 mL methanol and by vortexing. It was then 
passed through a 13 mm/0.22 μm nylon filter and subjected to 
liquid chromatography associated with tandem mass spectrometry 
(LC-MS/MS). To monitor the changes caused by fermentation, 
an extraction in maize kept under the same conditions without 
inoculation of fungi was used. All extractions were performed 
in triplicate.

2.6 Determination of mycotoxins

A liquid chromatograph 1200 (Agilent Technologies, Palo 
Alto, CA, USA) with an LC-20AD binary pump, a homoeothermic 
SIL-20AC, self-sampler and a CMB-20 controller was used. 
Software Analyst 1.5.2 was employed for data acquisition and 
processing. Separation of mycotoxins was performed on a Gemini 

Figure 1. Dimensions of the sweet corn cob used in the experiment.
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NX C18 column (150 × 2.0 mm I.D, 3.0 μm; Phenomenex, Palo 
Alto, CA, USA) at room temperature (20 °C). The mobile phase 
was composed of solvents A (5 mM ammonium formate and 
0.1% formic acid in water) and B (5 mM ammonium formate 
and 0.1% formic acid in methanol) at a flow rate of 0.25 mL/min. 
The elution gradient was initially established with 10% eluent B, 
increased to 80% over 1.5 min, remaining constant for 1.5-4 min, 
increased to 90% for 4-10 min, increased again to 100% for 
10-14 min, and finally returned to the initial conditions and 
re-equilibrated for 10 min. The injection volume was 20 mL.

A 3200QTRAP mass spectrometer (Applied Biosystems, 
Foster City, CA, USA) was used equipped with a positive mode 
ESI interface for detection in multiple reaction monitoring 
(MRM). The main parameters of MS were optimized as follows: 
gas nebulizer (GS1), 55 psi; auxiliary gas (GS2), 50 psi; curtain 
gas (CUR) 15 psi; capillary temperature 550 °C; ion Spray 
Voltage (IS) 5500 V. Nitrogen was used as the nebulizer, heater, 
curtain and collision gas (Quiles et al., 2016). The precursor 
product item transitions were: m/z 801.2/784.1 and 244.1 for 
BEA; m/z 657.3/196.1 and 214.0 for ENB; m/z 671.2/214.2 and 
228.1 for ENB1; m/z 699.4/210.2 and 228.2 for ENA; m/z 
685.4/214.2 and 210.2 for ENA1; m/z 722.4/334.3 and 352.3 for 
FB1; m/z 706.4/336.2 and 318.3 for FB2; m/z 297/161, 203, 
231 and 249 for DON; m/z 484.3/185.1 and 215.1 for T-2 toxin; 
m/z 484.3/185.1 and 215.1 for HT-2 toxin; m/z 339/203.1 and 
231.0 for 3ADON toxin; and m/z 339/321.0, 161.0 and 231.0 for 
15ADON toxin.

2.7 Statistical analysis

Analysis of variance (ANOVA) and Tukey’s test were 
conducted using the Statistica 6.0 software (Dell, Round Rock, 
TX, USA) to evaluate for statistical differences (p<0.05) of the 
concentration of phenolic extract regard to mycotoxins produced 
by each strain studied.

3 Results and discussion
Solid state fermentation of R. oryzae in rice bran was 

able to increase the content of phenolic compounds by 110% 
(Denardi-Souza  et  al., 2019). The content of total phenolic 
compounds in the biomass after the fermentation process was 
38.35 mg gallic acid/g. In this study, a total of 18 compounds were 
identified in rice bran cultivated with R. oryzae. Identification 
was performed based on the relative retention time and mass 

spectra obtained using quadrupole time of flight LC-QTOF-MS 
(Denardi‐Souza et al., 2018b).

As this is an in vivo experiment, a screening of mycotoxins 
that were synthesized by different strains of Fusarium during 
the period of maize cultivation was carried out. It is known 
that this is a very receptive matrix for these fungi and that the 
synthesis of mycotoxins is a biochemical process, not always 
linear. The chromatographic method applied to the study was 
described and validated by Quiles et al. (2016) and Saladino et al. 
(2017), for the quantification of mycotoxins in corn a white 
experiment (without strain) was carried out, minimizing possible 
matrix effects.

In the control experiment with F. poae, DON, T-2 toxin, 
HT-2 toxin and BEA were detected (Table 1).

For DON production, treatment with 0.25% phenolic extract 
showed a reduction of 88%, and with 1.0% phenolic extract the 
reduction was 96%. Application of phenolic extract reduced the 
production of T-2 toxin (62%) present in the treated sweet corn; 
however, it produced an increase in HT-2 toxin content (74%). Part 
of this increase might be derived from the conversion of T-2 toxin 
into HT-2 when the phenolic extract was at a concentration of 
0.25%. The production of HT-2 and T-2 toxins presented an 
inverse behavior suggesting the presence of defense mechanisms 
in the grain causing detoxification (Desjardins et al., 1993; Food 
and Agriculture Organization, 2001). However, the toxicities of 
T-2 and HT-2 toxins are quite similar because they both contain 
a sesquiterpenoid epoxy moiety (Busman et al., 2011). Toxin 
T-2 and HT-2 were not detected when concentrations of 0.5% 
and 1.0% of extract were applied to sweet corn. BEA was only 
detected in the control experiment.

F. graminearum released DON, 3ADON and 15ADON in 
the control samples and in all the treatments. When the sweet 
corn was treated with the 1% (p/v) phenolic acid extracts 
the production of mycotoxins was reduced to 56% for DON, 
50% for 3ADON and 36% for 15 ADON. The same treatment 
promoted a reduction of around 75% in DON level produced 
by F. cerealis (Table 2). Enniatins (ENB, ENB1, ENA and ENA1) 
and fumonisins (FB1 and FB2) were not detected in any of the 
studied strains.

Studies that were conducted in the group showed that 
phenolic compounds obtained from different matrices have an 
antifungal capacity against toxigenic strains. Pagnussatt et al. (2014) 
conducted a similar experiment where the effects of phenolic 

Figure 2. Illustration of the application of phenolic extract, obtained from rice bran cultivated with R. oryzae, to sweet corn exposed to different 
strains of Fusarium.
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acid extracts from the algae Spirulina sp. (strain LEB-18) were 
evaluated against mycotoxin production by F. graminearum. 
The extract mainly composed of gallic acid, significantly reduced 
fungal growth and reduced the concentration of mycotoxins, 
with a mean reduction of 68% for deoxynivalenol and nivalenol. 
Heidtmann-Bemvenuti et al. (2016) evaluated the antifungal 
activity of natural compounds (γ-orizanol, phenolic extract 
of neem seeds and rice bran) against 3 toxigenic strains of 
F. graminearum isolated from wheat, rice and barley. Phenolic 
extracts were more effective than γ-orizanol in inhibiting 
F. graminearum. A correlation between deoxynivalenol levels 
and expression of the Tri5 gene indicates that the natural 
compounds could be considered as alternatives to synthetic 
antifungals (Heidtmann-Bemvenuti et al., 2016). Scaglioni et al. 
(2018) verified the effects of phenolic extracts obtained from 
Spirulina sp. and Nannochloropsis sp. on F. verticillioides and its 
ability to produce mycotoxins. The extracts were able to inhibit 
infection and fumonisin production in vitro and in vivo in the 
field more efficiently than a synthetic fungicide. Therefore, natural 
phenolic extracts are able to inhibit the potential toxigenicity 
of Fusarim species, as well as those made available with the aid 
of a fermentation process described in this study.

 These evidences, including the one of the current 
studies, confirmed that DON is the most frequent mycotoxin 
synthesized by Fusarium species. This mycotoxin is a worldwide 
concern for several cereal crops and their derivatives (Denardi-
Souza et al., 2015; Ok et al., 2018; Palacios et al., 2017), especially 
in corn (Hove et al., 2016; Kos et al., 2017; Setyabudi et al., 2012). 
On exposure to 1.0% (p/v) phenolic extract, the F. poae strain 
showed the highest DON reduction, followed by F. cerealis 
and F. graminearium. The antimycotoxigenic potential of the 
phenolic extract was effective to mitigate this contamination. 
Further studies are needed to define the pathways of inhibition 

of mycotoxins produced by Fusarium during treatment with the 
phenolic extract from rice bran, identify possible conversion to 
other molecules, and to evaluate a strategy for the application 
of these extracts. Thus, the antimycotoxigenic potential of the 
phenolic extract from agroindustrial residues has been shown 
as a promise to mitigate the worldwide problem of Fusarium 
and its toxins, including the emerging ones.

4 Conclusion
This study demonstrated the antimycotoxigenic potential 

of a phenolic extract obtained from rice bran cultivated with 
R. oryzae, as an effective strategy against the production of 
Fusarium mycotoxins in sweet corn. The phenolic extract from rice 
bran applied to sweet corn is capable to reduce DON, 3ADON, 
15 ADON, T-2 toxin and BEA release by Fusarium strains. F. poae 
was the strain most sensitive to the phenolic extracts, showing 
a 96% reduction in DON levels. In addition to the reduction in 
the synthesis of Fusarium toxins, this is an innovative proposal 
for the reuse of agroindustrial residues. Thus, meets the demand 
for alternative ways to reuse biological wastes by addressing 
questions of environmental concern and legislation.
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