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1. Introduction and objectives 

Nowadays, small crops, including sorghum (Sorghum bicolor L. 

Moench), are becoming increasingly popular, thanks to their increasing role 

in human food and livestock feed. Due to these two uses, the presence of 

mycotoxin-producing fungi is unavoidable even in small crops, since 

mycotoxin contamination can cause problems in the grain yield of many types 

of cereals. However, there is a little knowledge about the mycotoxin-

producing fungi that appear on the mentioned cereales.  

However, so far no research has been conducted on the detection and 

identification of Fusarium species infecting the kernels of sorghum varieties 

grown in Hungary, while the growing areas are constantly increasing and the 

climatic conditions (humidity and temperature during flowering) are favorable 

for Fusarium Grain Mold (FGM) caused by Fusarium species. 

Mycotoxin contamination is also unavoidable in the case of sorghum. There 

are no effective regulations for the extent of mycotoxin contamination in 

grain-sorghum-based food industry products and feed materials. 

The objectives: 

1. Examining the presence of mycotoxin-producing fungi in sorghum 

kernel samples, conducting macro- and micromorphological 

examinations, and classifying the isolated fungi: 

i. internal infection tests 

ii. macro- and micromorphological examinations 

2. Molecular genetic analysis of mycotoxin-producing genera that have 

been isolated using specific primers for the TEF1-α and calmodulin 

genes (cmd5/cmd6, CL1/CL2A). Sequencing of DNAs for accurate 

species-level identification, as well as macro- and micromorphological 

examination of the identified species. 
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3. Examination of the mycotoxin-producing capacity of the Fusarium 

species isolated from sorghum kernels (F. proliferatum, F. 

verticillioides, F. subglutinans, F. cf. incarnatum, F. graminearum, 

and F. sporotrichioides). 

4. Identification of genes involved in aflatoxin production in Aspergillus 

species (A. falvus and A. oryzae) isolated from sorghum kernels. 

5. Analysis of the mycotoxin contamination of sorghum samples (FB1, 

FB2, BEA, ZEA, HT-2, and T-2) using the LC/MS-MS method. 

6. Examination of the lipophilic antioxidant composition of sorghum 

samples. 

7. Investigation of the effect of selected lipophilic antioxidants (α-

tocopherol, γ-tocopherol, lutein, and zeaxanthin) on the fumonisin 

biosynthesis of selected Fusarium proliferatum strain. 
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2. Materials and methodes 

2.1.  Examination of internal kernel contamination of sorghum 

samples 

We collected samples of sorghum kernels in 2021 and 2022. After 

surface sterilization of the collected kernels were placed on Nash & Snyder's 

selective culture medium (Leslie and Summerell 2006. Kernels were 

examined in 10 replicates and 10 biological replicates. In order to be able to 

identify the outgrown fungal colonies at the genus level, the outgrown fungal 

colonies were inoculated onto chloramphenicol-containing potato dextrose 

medium (Potato Dextrose Agar (PDA)). To identify them at the genus level, 

the colonies were examined macro- and micromorphologically. 

2.2.  Molecular identification of Fusarium, Aspergillus and 

Penicillium species 

To identify Fusarium species at the species level, it is essential to 

prepare monosporal cultures, as conidia of several Fusarium species may be 

found in each inoculated fungus (Geiser et al. 2004). Pure cultures of members 

of the genera Aspergillus and Penicillium were isolated on PDA medium. We 

inoculated the fungi identified at the genus level onto a new PDA culture 

medium before performing the DNA extraction. We performed DNA 

extractions using the ZR Fungal/Bacterial DNA MiniPrep Kit and 

phenol:chloroform (v/v, 1:1, pH 8.0). 

During the molecular identifications, we worked with three sequence 

pairs. A special primer for the translation elongation factor (TEF-1α) was used 

for fungi belonging to the genus Fusarium. Special primer sequence pairs 

(cmd5/cmd6 and CL1/CL2A) for the calmodulin gene (CaM) were used for 

fungi belonging to the genera Aspergillus and Penicillium. In the case of fungi 
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belonging to the genera Fusarium, Aspergillus, and Penicillium, standard 

polymerase chain reaction (PCR) was used. 

2.3.  Fusarium strain cultivation to determine their toxigenic 

potential 

Fusarium isolates were cultivated in carboxymethyl cellulose (CMC, Sigma-

Aldrich) to prepare spore suspensions. After 3-4 days of incubation in CMC 

at 25°C and at 180 rpm in a Multitron incubator shaker (INFORS AG, 

Bottmingen, Switzerland), the spores were separated using a 40 µm membrane 

filter (Sefar Nitex, Switzerland), counted in a Malassez chamber and diluted 

with sterile water to reach a final concentration of 1 x 104 spores/ml. 

F. graminearum, F. sporotrichioides, and F. cf. incarnatum cultures 

were grown in Synthetic liquid medium (MS medium) (Boutigny et al., 2009) 

According to F. graminearum, F. cf. incarnatum isolates, the extraction of 

type B trichothecenes (TCTB) was performed based on the description of 

Montibus et al. (2021). For F. sporotrichioides, the medium was diluted with 

50% methanol, vortexed, and filtered through a 0.45 µm, 15 mm diameter 

filter syringe prior to HPLTC-MS/MS analysis. Then we performed the 

analysis. 

F. verticillioides, F. proliferatum, F. cf. incarnatum and F. 

subglutinans isolates were prepared in GAYEP (glucose-amylopectin-yeast 

extract-peptone) liquid medium, and then the amount of fumonisin in the 

investigated isolates was determined using UPLC according to Picot et al. 

(2013) as described. 

2.4.  Identification of the aflatoxin production promoting genes 

from Aspergillus species 

During the PCR tests, we examined the presence of seven genes 

associated with mycotoxin production using the standard PCR method 
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described by Degola et al. (2007) and Gallo et al. (2012). During the 

experiment, we examined 21 isolates, of which 19 were A. flavus and 2 were 

A. oryzae isolates.  

2.5.  Examination of tocopherol and antioxidant composition 

of sorghum kernels 

The studies on the tocochromanol composition were carried out by Lux 

et al. (2020). Tocochromanols were quantified by liquid chromatography 

coupled to a fluorescence detector (LC/FLD). The carotenoid composition 

was determined by liquid chromatography connected to a photodiode array 

detector (LC-DAD) (Savignac et al. 2023). 

2.6. Impact of tocopherols and carotenoids on fungal growth of F. 

proliferatum and their mycotoxin biosynthesis in liquid media 

Isolates were established and propagated in GAYEP liquid medium as 

described by Picot et al. (2013). The medium (GAYEP) was supplemented 

with 0.1 mM lutein, zeaxanthin, α-tocopherol, and γ-tocopherol. Fumonisins 

were extracted according to the protocol described by Picot et al. (2013). 

2.7.Mycotoxin contamination of the sorghum samples 

A total of 30 sorghum kernels were collected from 13 different places 

in Hungary. During the examination of mycotoxin contamination, we 

examined the toxins DON, T-2, HT-2, ZEA, BEA, FB1 according to Varga et 

al. (2021) based on the protocol. 
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3. Results 

3.1. Results of the internal infection of sorghum kernels 

Based on the internal infection values, the genus Fusarium was 

dominant in all samples, while the species of the genera Aspergillus and 

Penicillium appeared less frequently. Based on the tests of the two years, we 

found that the dominance of Aspergillus species increased in the year 2022. 

3.2. Molecular identification of the detected genus 

We identified a total of 9 different Fusarium species, of which 60 were 

F. proliferatum, 21 were F. verticillioides, 19 were F. sporotrichioides, 13 

were F. graminearum, eight each were F. thapsinum and F. cf. incarnatum, 

seven F. equiseti, six F. avenaceum, and three F. subglutinans species were 

identified. The molecular genetic tests identified two A. oryzae and 19 A. 

flavus species. During the molecular genetic tests of Penicillium species, 27 

P. rubens, 23 P. chrysogenum, 5 P. allii, 3 P. hordei, 1-1 P. polonicum, and 

P. crustosum species were identified. All the sequences have been deposited 

tot he NCBI GeneBank database. 

3.3. Capacity of mycotoxin production of the identified Fusarium 

strains 

Liquid culture media promoting the production of mycotoxins were 

used and mycotoxins were assessed in 14-day old broths. The F. proliferatum 

isolates were able to produce FB1, FB2 and FB3. The range of values of FB1, 

FB2 and FB3 toxins were from not detected (ND) to 14130µg/g, ND to 

477µg/g, and ND to 532µg/g respectively. The average values of FB1, FB2 

and FB3 toxins were 2956µg/g, 183µg/g, and 191µg/g. Regarding the F. 

verticillioides strains, only FB1 was quantified after 14 days of cultures. The 

range of levels was from ND to 177 µg/g, lower than that determined for F. 
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proliferatum isolates. Low levels of FB1 were also retrieved in F. cf. 

incarnatum and F. subglutinans broths. For F. verticillioides, F. cf incarnatum 

and F. subglutinans, traces of FB2 and FB3 with amounts under the limit of 

quantification were also observed.  

The F. graminearum strains were shown to produce TCTB toxins such 

as deoxynivalenol (DON) and 15-acetyldeoxynivalenol (15-ADON). The 

range of values of DON and 15-ADON were ND to 189µg/g. Similarly, the 

F. cf. incarnatum strains did not produce any TCTB toxin. The F. 

sporotrichoides isolates were analyzed for TCTA production; the levels of 

HT-2 and T-2 toxins were 0.96 µg/g and 6.79 µg/g respectively. 

3.4. Identification of genes involved in mycotoxin production of 

Aspergillus isolates 

Significant differences between the Aspergillus isolates were observed 

during the examination of the genes involved in mycotoxin production. In the 

case of two samples, we detected the presence of all genes, i.e. we obtained a 

positive result for all genes promoting mycotoxin production. 

The presence of the aflD gene in 12 isolates of A. flavus and 1 isolate 

of A. oryzae were detected. The presence of the aflM gene was detected in the 

DNA of 15 A. flavus and 2 A. oryzae. We detected the aflO gene in 19 A. flavus 

and 1 A. oryzae cases. During gel electrophoresis, a 790-bp PCR product 

confirmed the presence of the gene. In the case of the aflP gene, we discovered 

its presence at 870 bp in 12 A. flavus and 1 A. oryzae. The presence of the aflQ 

gene associated with aflatoxin production was found in the DNA of 9 A. flavus 

and 1 A. oryzae of the isolated fungi. During gel electrophoresis, we detected 

the aflR gene at 1079 bp in 15 A. flavus and 2 A. oryzae samples. At 684 base 

pairs, the aflS gene was detectable in 12 A. flavus and 2 A. oryzae. 
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3.5. The main lipophilic antioxidants in sorghum kernels 

The levels of carotenoids and tocochromanols were measured in grains 

of the two different genotypes of sorghum. The total amounts of 

tocochromanols in genotype1 and genotype2 were 23.87 µg/g and 23.35 µg/g 

which accounted for nearly 98% of the total of lipophilic antioxidants in both 

genotypes. The total amount of carotenoids in genotype1 and genotype2 were 

0.51 µg/g and 0.43 µg/g which accounted for 2.13% and 1.84% of the total of 

lipophilic antioxidants, respectively. Among carotenoids, the percentages of 

lutein and zeaxanthin in the two different genotypes were quite similar, lutein 

representing about 53% and zeaxanthin 47% of the total carotenoids. Our 

results indicate that the main carotenoids and tocochromanols found in 

sorghum grain samples included lutein and zeaxanthin, γ-tocotrienol, γ-

tocopherol, α-tocotrienol, α-tocopherol and δ-tocotrienol. 

3.6.Impact of tocopherols and carotenoids on fungal growth of F. 

proliferatum, and their mycotoxin biosynthesis in liquid media 

The antifungal effect and mycotoxin inhibitory activity of major 

carotenoids and tocochromanols occurring in sorghum grains were 

investigated. After examining the effects of lutein (0.1 mM), zeaxanthin (0.1 

mM), γ-tocopherol (0.1 mM), and α-tocopherol (0.1 mM) on dry biomass, we 

found that zeaxanthin did not have a statistically significant effect on the 

biosynthesis of fumonisins. Supplementing the strain with the above-

mentioned carotenoid composition resulted in a decrease in fumonisin 

production, while lutein also reduced fumonisin accumulation, as the toxin 

tests only detected fumonisin particles. However, in terms of the effects of the 

examined antioxidants, we could not show a significant difference in any case. 

In the case of α-tocopherol (0.1 mM), the strain's fumonisin production was 
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74.57%, and the effect of γ-tocopherol on fumonisin biosynthesis was 3.34%. 

In the case of the effect on dry biomass, the amount of biomass was reduced 

by γ-tocopherol and α-tocopherol, as well as by lutein; however, we could not 

detect a significant difference in this case either. 

3.7. Mycotoxin contamination of the sorghum kernels 

The multi-mycotoxin analysis of sorghum kernels were perfomed in 3 

replicates for each samples. DON and T2 toxins were not detected in the 

samples. Beauvericin (BEA) were found in the 40 % of the samples. The 

avarage vaule of BEA contamination in our sorghum kernels was 17.9 ng/g. 

Regarding to fumonisin B1, it was detected only in 5 samples the avarage 

contamination in the 5 samples was 115.0 ng/g. HT-2 and ZEA toxins 

contamination were detected in 2 samples of our sourghum kernels. 
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4. Conclusions and outlook 

4.1. Examination of internal infections of sorghum kernels 

Previous studies have shown that the presence of Fusarium species 

isolated from sorghum is common worldwide (Zummo 1984; Summerell et al. 

2003; Little et al. 2011; Astoreca et al. 2019). As a result of our experiments 

with sorghum, it can be said that in most of the samples, we detected an 

internal infection caused by mycotoxin-producing fungi. Based on the 

examination of pure cultures of fungi isolated from kernels, we found that in 

the case sorghum, Fusarium species were dominant as the species causing 

internal kernel infection; however, Aspergillus and Penicillium species also 

appeared in all samples. Internal kernel infection can also be influenced by 

certain environmental parameters, such as cultivation technology, biotic 

factors, and crop rotation. The Fusarium species can penetrate the kernels 

through the so-called penetration hyphae, and in the case of the F. 

graminearum species, 24 different cell wall-degrading enzymes are 

distinguished, of which cutinase, lipases, and pectinases play the main role 

during the infection of kernels (Kikot et al. 2009). The extreme drought 

weather conditions of 2022 may also have contributed to the development of 

kernels’ internal infection levels. 

4.2. The isolated and identified mycotoxin-producing fungi 

During the molecular genetic examinations 145 Fusarium isolates 

were identified. Under Hungarian cultivation conditions, the species F. 

verticillioides was identified from the stem of sorghum (Szécsi et al. 2010). In 

the case of sorghum kernels, based on our experiments, we came to the 

conclusion that F. proliferatum is the most frequently occurring Fusarium 

species in sorghum grains. This was followed by F. sporotrichioides, F. 

verticillioides, F. graminearum, F. thapsinum, F. cf. incarnatum, F. equiseti, 
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F. avenaceum, and F. subglutinans. Among the Fusarium species identified, 

F. thapsinum, F. cf. incarnatum, and F. equiseti were identified at the first 

time from cereales in Hungary. From the point of view of the dominance of 

individual Fusarium species, as the results of the thesis also support, the F. 

proliferatum species is dominant, i.e., one of the members of the F. fujikuroi 

disease complex. In the case of domestic maize cultivation, F. verticillioides 

and F. graminearum species dominate, and in the case of wheat, F. 

graminearum, F. poae, and F. avenaceum species dominate; however, we do 

not have recent research data in this regard in the last 2-3 years, so it can be 

assumed that there has also been a change in dominance conditions. All 

identified species were identified worldwide from sorghum grain; however, in 

the case of sorghum grain, the species F. andiyazi was also identified, which 

we did not detect during our experiments (Bottalico and Perrone, 2002; Chala 

et al., 2019; Prom és Iskeit 2021; Ferrigo et al., 2022; Corallo et al., 2023). 

Our results are consistent with previous research related to sorghum kernels 

(Sharma et al., 2011; Kelly et al., 2016). 

During the isolation of Aspergillus species, 23 pure cultures were 

created, from which 19 A. flavus and 2 A. oryzae were identified during 

molecular genetic tests. Both identified species belong to the section Flavi, 

which is extremely important from the point of view of agriculture, 

biotechnology, and human and animal health (Frisvad et al. 2018). A. flavus 

is a species often found on agricultural plants that is often isolated from many 

parts of the world, and due to their aflatoxin-producing ability, they pose a 

major threat during food and feed safety (Palencia et al. 2010; Riba et al. 

2010). The species A. oryzae has also been isolated in many cases, but due to 

its non-aflatoxigenic properties, its presence is considered safe. Furthermore, 

the fermentation industry still uses the species for various fermentation 

processes (Chang and Ehrlich 2010). In domestic conditions, the species A. 
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flavus has also been identified in many cases from maize kernels (Baranyi et 

al. 2015; Tóth et al. 2012; Dobolyi et al. 2013; Sebők et al. 2016). A 2012 

EFSA scientific announcement drew attention to the increasing number of 

Aspergillus species appearing in the kernels of some cereals as a result of 

extreme drought stress (Battilani et al. 2012). The scenarios presented in the 

report are becoming a reality today, as our research results confirm that the 

Aspergillus species are becoming more and more common, which pose 

various threats to the food and feed chain due to aflatoxin contamination. 

Prior to molecular genetic studies of Penicillium species, we created 

60 pure cultures, during which we identified the following species: P. rubens, 

P. chrysogenum, P. polonicum, P. hordei, P. crustosum, and P. allii. The 

species P. rubens and P. chrysogenum have been isolated from maize kernels 

in many cases in Hungary, and in the case of some fruits, tests of the antifungal 

protein of P. chrysogenum have also been carried out. PAF (Penicillium 

Antifungal Protein) can also affect filamentous fungi, yeasts and bacteria. PAF 

is an antifungal protein that triggers ROS-mediated apoptotic cell death in 

Fusarium and Aspergillus species (Kovács et al. 2014; Galgóczy et al. 2013). 

Knowing these facts, it is likely that the Aspergillus and Fusarium species 

were present in much smaller numbers from the places of origin from which 

the P. chrysogenum species were isolated (Delgado et al. 2015; Martínez-

Culebras et al. 2021). The species has been isolated from sorghum grains 

worldwide in many cases (Vankudoth et al. 2015; Gupta 1996). 

4.3. Macro- and micromorphological studies of the identified 

Fusarium species 

In the case of the nine identified Fusarium species, we found during 

the macro- and micromorphological studies that the species we detected and 
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identified have characteristic properties for the given species (Leslie and 

Summerell 2006). 

4.4. Capacity of mycotoxin production of the isolated Fusarium 

species 

Fusarium species are known to produce various mycotoxins. 

However, the extent of mycotoxin production can vary between and within 

species (Crous et al. 2021). Fumonisins (FBs) are the main mycotoxins 

produced by F. verticillioides. The identified F. verticillioides species, with 

the exception of the INVT_035 isolate, are capable of producing FB1 toxin. It 

was previously shown that F. proliferatum species can produce different 

amounts of FB1, FB2, and FB3 toxins (Corallo et al. 2023), which were 

isolated from sorghum of different genotypes. In addition, a significant 

number of F. proliferatum isolates are capable of producing highly toxic 

fumonisins (Sharma et al. 2011; Vismer et al. 2019; Corallo et al. 2023). The 

F. proliferatum INVT_018 isolate we identified proved to be the highest 

producer of FB1, FB2, and FB3. Research results on the production of 

fumonisin by F. subglutinans are different; in some cases, fumonisin 

production has also been observed in the case of the species F. subglutinans 

(Stępień et al. 2013; Wang et al. 2014; Fumero et al. 2015). The F. 

subglutinans strain lacks the Fum genes required for fumonisin biosynthesis, 

according to the literature (Fumero et al. 2020). The F. subglutinans species 

identified in our study was able to synthesize a small amount of FB1 toxin. 

During our experiments, it is likely that the tested isolate possessed the Fum 

gene and therefore could produce a small amount of mycotoxin. 

F. cf. incarnatum is a member of the Fusarium incarnatum-equiseti 

species complex (FIESC), which is able to produce both fumonisins and type 

B trichothecenes (Villani et al. 2016; Villani et al. 2019). During our research, 
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the identified and selected F. cf. incarnatum isolates were investigated for 

their mycotoxinogenic potential for fumonisins and TCTB toxins. In our 

study, the isolated F. cf. incarnatum isolate INVT_007 is capable of producing 

small amounts of FB1 and FB3 toxins; isolate INVT_009 produced only FB1; 

and strain INVT_008 did not produce any of the toxins named above or tested 

at all. The F. cf. incarnatum has different regulatory genes responsible for the 

production of type B trichothecenes, such as the tri5, tri4, tri13, and tri7 genes, 

and also has genes responsible for fumonisin production, such as tri3 and 

tri11. It is important to highlight that the tri4 and tri5 genes are also involved 

in fumonisin biosynthesis (Desjardins 2006). 

Corallo et al. (2023) isolates of F. graminearum identified from 

sorghum kernels produced mostly zearalenone (ZEN) and deoxynivalenol 

(DON) toxins, and in some cases nivalenol (NIV). Contrary to the literature, 

our selected F. graminearum isolates, especially the INVT_010, INVT_011, 

and INVT_012 isolates, produced large amounts of 15ADON and DON 

toxins; however, during our experiments, we did not experience the synthesis 

of ZEN in the given isolates, which may presumably indicate the absence of 

the zeb1 gene (Alexander et al. 2003), and the production of mycotoxins by 

Fusarium species can be affected by many other factors, such as 

environmental factors such as moisture and high temperature. The year 2021 

was a wetter year, which may have affected the mycotoxin production ability 

of the isolated pathogens. 

According to Edwards et al. (2012), F. sporotrichioides typically 

produces type A trichothecenes (TCTA), such as HT-2 and T-2 toxins, and at 

the same time, the F. sporotrichioides isolate we identified (INVT_026) is 

also capable of producing HT-2 and T-2 toxins; however, strain INVT_024 

did not produce TCTA toxins. 
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Potential mycotoxin production can cause problems in both the food 

and feed chains. Due to the reasons mentioned, it is necessary to pay special 

attention to the Fusarium species that cause grain mold (FGM). 

4.5. Examination of genes associated with aflatoxin production in 

isolated Aspergillus species 

According to Gallo et al. (2012) the aflQ gene could be detected in 

large numbers in non-aflatoxigenic isolates. The aflQ gene was amplified 10 

times in the samples we examined, which suggests that the 10 Aspergillus 

species probably belong to the group considered non-aflatoxigenic in Gallo et 

al.'s 2012 research. However, since the presence or absence of a single gene 

does not clearly determine the mycotoxin production capacity, it is also 

important to evaluate the results of the other tested genes. 

In the case of the aflR and aflS genes, the close correlation between the 

presence of the genes and the ability to produce aflatoxin was proven by most 

of them (Degola et al. 2007; Gallo et al. 2012). Thus, in the case of our own 

samples, the presence of these genes those isolates can be considered as 

aflatoxigenic isolates. 

4.6.Impact of tocopherols and carotenoids on fungal growth of F. 

proliferatum, and their mycotoxin biosynthesis in liquid media 

The main carotenoid and tocopherol compounds found in our sorghum 

grain samples are lutein and zeaxanthin, γ-tocotrienol, γ-tocopherol, α-

tocotrienol, α-tocopherol, and δ-tocotrienol. The main composition of 

tocopherols in sorghum grains is γ-tocopherol and α-tocopherol, which 

contain lutein and zeaxanthin from carotenoids. Several studies demonstrate 

that sorghum contains carotenoids and tocochromanols (tocopherols and 

tocotrienols) (Shahidi and Costa de Camargo 2016; Elvira-Torales et al. 
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2019). However, knowledge about the composition of carotenoids and 

tocochromanols in grain sorghum samples is still limited, and the results are 

mostly related to sorghum varieties grown in semi-arid areas (Kean et al. 2007; 

de Morais Cardoso et al. 2015; Mawouma et al. 2022). The aforementioned 

studies showed that xanthophylls (lutein and zeaxanthin) and tocopherols 

were the dominant compounds within the carotenoid and tocochromanol 

families. At a concentration of 0.1 mM, γ-tocopherol, α-tocopherol, lutein, and 

zeaxanthin were tested for their effect on fumonisin production and dry 

biomass of F. proliferatum strain I58. The effect of lipophilic antioxidants 

depended on the type of antioxidant. In this study, 0.1 mM lutein reduced 

fumonisin production by strain I58. Other research looked at how α-

tocopherol, lutein, zeaxanthin, β-carotene, and ferulic acid affected the 

production of fumonisin and the amount of dry biomass in F. verticillioides 

(Picot et al. 2013). In this study, lutein significantly reduced fumonisin 

accumulation. During our tests, we could not detect any significant differences 

in the effect of antioxidants on fumonisin biosynthesis. However, as detailed 

by Savignac et al. (2022, 2023), there are strong arguments for these 

compounds to potentially play a key role in plant defense, considering their 

ability to alleviate ROS-induced oxidative stress, their ability to interfere with 

plant hormone signaling, and their ability to reduce fungal growth and 

mycotoxin contamination. During the evaluation of the bioactivity of α- and 

γ-tocopherol, as well as lutein and zeaxanthin, against F. proliferatum, no 

fungal growth inhibition was observed, regardless of Fusarium species and 

lipophilic antioxidants. Furthermore, only lutein showed a decrease in FB 

yield. The inhibitory effect of lutein on FB biosynthesis has already been 

reported (Picot et al. 2013). The oxidative stress-relieving ability of lutein and 

zeaxanthin, demonstrated to stimulate the biosynthesis of various mycotoxins 

(Montibus et al. 2015), could potentially explain this inhibitory effect. 



17 

 

However, Elvira-Torales et al. 2019 recognize tocochromanols as strong 

antioxidant compounds, and their lack of effect clearly indicates the existence 

of additional mechanisms underlying the bioactivity of carotenoids.  

4.7.Mycotoxin contamination of sorghum kernels 

During mycotoxin contamination tests, 40% of grain sorghum samples 

were contaminated with beauvericin (BEA). Fusarium species producing BEA 

are: F. sambucinum, F. acuminatum, F. oxysporum, F. poae, F. equiseti, F. 

avenaceum (Munkvold et al. 1998). However, previous studies reported that 

both F. proliferatum and F. subglutinans can produce BEA (Logrieco et al., 

1993; Plattner et al., 1994; Moretti et al., 1996). BEA belongs to the "new" 

group of mycotoxins, the so-called „emerging” mycotoxins. Fumonisin B1, 

HT-2 and zearalenone contamination was detected in some samples. The 

presence of Fusarium species in sorghum grains poses a huge risk to food and 

feed safety due to the mycotoxinogenic potential of these species. Regarding 

the contamination of HT-2 and T-2 toxins, the European Commission has 

defined an indicative limit value (EU 2013/165).  
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5. Új tudományos eredmények 

1. We proved the presence of mycotoxin-producing fungi capable of 

mycotoxin production on sorghum kernels from domestic cultivation areas 

using a selective culture medium in laboratory conditions, during which 

we identified them using molecular genetic methods and deposited them 

in the NCBI GeneBank: 

i. nine Fusarium species: F. proliferatum, F. verticillioides, F. 

subglutinans, F. cf. incarnatum, F. equiseti, F. graminearum, F. 

thapsinum, F. sporotrichioides, F. avenaceum, 

ii. two Aspergillus species: A. flavus, A. oryzae, 

iii. six Penicillium species: P. chrysogenum, P. rubens, P. allii, P. 

hordei P. polonicum és P. crustosum.  

2. We were the first to isolate F. cf. incarnatum, F. equiseti, F. thapsinum 

pathogens from sorghum kernels in Hungary, which was also supported 

by molecular genetic methods. The mentioned Fusarium species have not 

yet been identified from other cereals in Hungary.  

3. We found that in our country F. proliferatum is the dominant Fusarium 

species in sorghum kernels. 

4. We found that the Fusarium species isolated from the Hungarian 

production site are also capable of producing A and B type trichothecenes 

and fumonisins (B1, B2, B3) in sorghum kernels.  

5. We found that the mycotoxins beauvericin, fumonisin B1, HT-2 toxin and 

zearalenone are present in Hungarian sorghum kernels. It should be 

highlighted that this is the first study that confirmed the presence of 

beauvericin as an emerging mycotoxin in the case of cereal from domestic 

production sites. 

6. We found that grain sorghum is capable of producing lipophilic 

antioxidants to a large extent, these lipophilic antioxidants are lutein and 
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zeaxanthin, γ-tocotrienol, γ-tocopherol, α-tocotrienol, α-tocopherol and δ-

tocotrienol. A research result similar to this has not yet been produced in 

the case of grain sorghum in Europe.  

7. We found that lutein, as a lipophilic antioxidant, has a negative effect on 

the fumonisin biosynthesis of the F. proliferatum strain.  
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