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Abstract


A total of 150 freshly harvested maize samples from three regions of Southern India i.e. Karnataka, Andhra Pradesh and Tamilnadu were collected during winter 2010 – 2012 to determine the toxigenic fungal incidences and mycotoxin contamination.  A total of 288 fungal isolates comprising, Fusarium, Aspergillus and Penicillium were tested for aflatoxinB1 (AFB1), ochratoxin A (OTA), trichothecenes (DON and T-2 toxin) and fumonisinB1 (FB1). Chemotype determination of fungal isolates was carried out by molecular and chemical analysis through PCR and HPTLC respectively. The toxigenic fungal incidences were observed throughout the study area, and most of the toxins under the study were crossed the safe limits. The concentration of various toxins ranging between, 48 µgkg-1 - 58 µgkg-1  (AFB1), 76 µgkg-1 - 123 µgkg-1  (FB1), 38 µgkg-1 - 50 µgkg-1  (T-2) and 72 µgkg-1 - 94 µgkg-1 of grain sample (DON). However, the OTA incidences were observed within the safe limits (5 µgkg-1). The present study concludes that there is a need of mycotoxin awareness creation among the maize farmers of Southern India, to control the chronic adverse health effects to human and livestock due to mycotoxins.
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1. Introduction:

Maize (Zea mays L.) is the third most important crop in the world after wheat and rice. Maize grains are susceptible to a number of ear and kernel rots that can cause damage in humid areas, especially when rainfall is above normal from silking to harvest (Shurtleff & Aoyagi 1977). Maize grains may be attacked by a variety of toxigenic fungi (Cardwell et al., 2000), most commonly by Aspergillus flavus, A. parasiticus, A. ochraceus, Penicillium verrucosum, Fusarium verticillioides and F. proliferatum (Cardwell et al 2000; Munkvold et al 1997). These fungi produce toxins that are generated inside the maize ear and are referred as mycotoxins, which pose a health risk to humans and animals through contaminated food or feed, or (less often) exposed via inhalation of toxin-bearing spores (Bennet and Klinch 2003). Among these mycotoxins; aflatoxins, ochratoxins, trichothecenes and fumonisins have assumed significance due to their deleterious effects on human beings, poultry and livestock (Bennet and Klinch 2003; Wild and Montesano 2009). 

Aflatoxins (AFB1), ochratoxins (OTA), trichothecenes (T-2 toxin and DON) and fumonisins are potent mycotoxins, which are carcinogenic, immunosuppressive and teratogenic metabolites produced by Aspergillus, Penicillium and Fusarium species (IARC 1993). AFB1 is the most important aflatoxin which has an impact on human health and on the economy of International trade in food and animal feed. OTA is known to cause balkan endemic nephropathy (BEN) in humans (Hohler 1998). Trichothecenes are known to cause alimentary toxic aleukia, fusariotoxicoses and to be cytotoxic to mammalian cells (Prelusky et al 1994). FB1 has also been associated with an increased risk of human oesophageal cancer (Chu and Li 1994). Liver cancer among human population has been reported due to aflatoxicosis in different countries, like India, Thailand, Philippine, African and European countries (Egmond 1989). Over the past two decades, mycotoxicosis has been observed both in human and animals. Mycotoxicosis causes acute liver damage, liver cirrhosis, induction of tumors, attack on central nervous system, skin disorders and hormonal defects (Oguz et al 2003).

Previous reports indicate that mycotoxins are health hazardous and cause great economic losses (Mahmoud  et al 2013; Cabanes et al 2013;  Prelusky et al 1994). Unfortunately, no organized efforts in past has been made to address this issue in India. In India few reports have been recorded on mycotoxin contamination of cereals (Janardhana et al 1999; Ramana et al 201, Priyanka et al 2013). Recently our previous reports indicated that the samples of rice and finger millet samples are contaminated with toxigenic Fusarium species. The PCR assays of Ramana et al (2011) were shown to be reliable for monitoring trichothecene. and fumonisin producing Fusarium species and the results dealing with trichothecene production  were always and those dealing with fumonisin production in most cases in agreement with high-performance thin-layer chromatography (HPTLC). HPTLC methods for mycotoxins are much cheaper for screening mycotoxins than gas chromatography (GC) and high-performance liquid chromatography (HPLC), although the latter methods have become increasingly popular, because they are generally more sensitive, selective, precise, and accurate (Krska 2001).

In the present study PCR assays were also used for monitoring AFB1 and OTA producing fungi and for species identification. The chemotypes found by PCR assays were confirmed by HPTLC analysis and  HPTLC analysis was also used for detection and quantifying AFB1, OTA, T-2 toxin, DON and FB1 in maize kernels, which had been cultivated in three regions of Southern India.
2. Materials and methods:
2.1. Sample collection




Infested maize samples were collected from high rain fall areas in Southern India such as, Karnataka, Andhra Pradesh and Tamilnadu. A total of 150 samples (50 samples from each region) were collected during winter 2010-2012. All the samples were in uniform size of 250 grams of each was collected and stored at 4 oC for further analysis of mycoflora and toxin detection.

2.2. Isolation and identification of moulds
The counts of fungal populations and dominant genera were isolated from the maize samples. Grains were surface sterilized and placed onto PDA and the pure cultures were maintained on Czapeck Dox agar medium. To identify the fungi at the genus level, the Manual of Barnett and Hunter (1998) was used and the determination of the species was according to  Nelson et al (1983). The reference strains were obtained from Institute of Microbial Technology (IMTECH), Chandigarh, India was used as a standard cultures. Our morphological findings were further confirmed by species specific PCR assays.

2.3. Molecular detection of toxigenic fungi

2.3.1. Extraction of DNA 

DNA was extracted from pure cultures of fungi using DNeasy plant Minikit (Qiagen, Gambh, Germany, Cat-69106). A 10 ml of sterile potato dextrose broth (PDB) was inoculated with 500 μl of the single-spore culture suspensions and flasks were incubated under agitation (100 rpm) at room temperature for 3 days. The fungal cultures were then filtrated in a polyethylene membrane and washed twice with sterile distilled water. The membrane with the mycelium was folded and quickly dried with a tissue paper. The near dried fungal mycelium was transferred to an Eppendorf tube, frozen for 2 h at -20°C and lyophilized over night. Mycelial mat (100 mg) was ground in liquid nitrogen and total genomic DNA was extracted as per manufacturer’s instructions. Nuclease free water was used to dilute the DNA stock solution and the concentration was estimated by using Nanodrop (Thermo Scientific nanodrop 2000c) and DNA was stored at -80 oC until use.

2.3.2. Species specific PCR assays



Species specific PCR assays were carried out for all the isolates using reported primers specific to major fungal species in each genera such as A. flavus, A. niger, A. fumigatus and A. ochraceus in Aspergillus, P. chrysogenum, P. verrucosum in Penicillium and F. graminearum, F. culmorum, F. sporotrichioides, F. verticillioides and F. proliferatum in the genus of Fusarium. Primer sequences and references are given in Table-1. 

2.3.3. Primers and PCR conditions


Four pairs of primers were used for screening and specific detection of mycotoxigenic fungi by targeting the metabolic pathway genes specific to toxin chemotype viz., TRI6,  FUM13, NOR1 and PKS genes for the detection of trichothecene, fumonisin, aflatoxin and ochratoxin producing fungal species respectively. NOR1 gene primers were designed using gene bank database sequences and Gene runner software (http://www.generunner.com).  The homology searches were done using the BLAST programme and highly specific regions were considered for primer design. Detection of ochratoxin, trichothecene and fumonisin producing fungi previously reported primer pairs were used (Dao et al 2005; Ramana et al  2012). Primer sequences and targeted amplicon sizes were listed in Table-2. However, presence of these genes, does not always mean that the genes are active and can able to  produce mycotoxins. It was also reported, in previous study by Ramana et al (2011) for fumonisin chemotypes. This is why the PCR results were confirmed by mycotoxin analyses HPTLC method. 

2.3.4. PCR assay for detection of mycotoxigenic molds

PCR was carried out in an Eppendorf master cycler gradient (Hamburg, Germany, MastercylcerR pro 384) with a reaction volume of 30 µl. The amplification mixture consisted of template DNA (1.0 µl), MgCl2 (2.0 mM; Sigma, Cat-M8787), 1X PCR buffer (Sigma, Cat-P2317), dNTP mix (200 µM; Sigma, Cat-D7295), Taq polymerase (1.0 unit; Sigma, Cat-D40724) and primer pairs specific to the targeted genes (tri6, fum13, nor1 and pks) were added at a concentration of 100 nM to the each individual reaction. The PCR cycling conditions were carried out with an initial denaturation at 94 oC for 4 min, followed by 30 cycles of 94 oC for 1 min, 58 oC for 1 min and 72 oC for 1.5 min with a final extension of 72 oC for 8 min. After successful amplification, PCR products were loaded onto 1% agarose gel containing ethidium bromide and visualized under UV.

2.4. Toxin extraction and chemical analysis

2.4.1. Extraction and cleanup of AFB1 and OTA


The extraction of aflatoxinB1 and ochratoxin A was carried out with a modified procedure of Stroka et al (2001). Briefly, 50 g of the well ground sample was extracted with 250 ml of acetonitrile–water (60:40, v/v) using high speed blending for 2 min. The extract was filtered through Whatmann No. 4 filter paper and an equal volume of chloroform was added to the filtrate. The chloroform fraction was separated and PBS was added to the dried fraction of chloroform for further cleanup. VICAM (USA) Immune Affinity Columns were used for the cleanup of AFB1 and OTA. The extracted solution was passed through column and washed with water and eluted with methanol. These eluted fractions were used for HPTLC analysis.

2.4.2. Extraction and cleanup of trichothecenes (DON and T2-toxin) and FB1

Single spore cultures of Fusarium were inoculated onto BHI broth. Six day old spore suspensions were collected and inoculated onto Czapek- Dox salt medium and further incubated in a rotary shaker at 30 oC with shaking speed of 150 rpm.  Mycelia were filtered through sterile filter paper and added an equal amount of methanol. Further toxins were extracted with ethyl acetate and diluted with PBS. VICAM (USA) immune Affinity Columns were used to separate the toxins as above mentioned manner.

2.4.3. Chemical analysis of toxins by HPTLC

HPTLC was carried out as described by Vega and Castillo (2006) and Ramana et al (2011).  Chromatography was carried out on 10 x 10 cm pre-coated silica gel HPTLC plates (Merck, Cat-034.5361). Test samples and standards obtained from Sigma (Sigma Aldrich, Mumbai) were dissolved in Methanol: Water (1:1)-1 mg/ml concentrations) were applied with automatic TLC sampler (ATS III) from CAMAG (Muttenz, Switzerland), using the spray-on technique (band length 3 mm, first application X-axis 14 mm, Y- axis 9 mm). Chromatography was carried out in a 20 x 10 cm twin trough chamber (CAMAG) with a 50 mm run length. Two different mobile phases were used to separate T2-toxin/DON (chloroform: methanol: water; 9:1:0.2, v/v/v) and AFB1/OTA/FB1 (toluene: ethyl acetate: formic acid; 6:3:1, v/v/v). Aluminium chloride (10%) (Sigma, USA) was used for post-chromatographic derivatization. The plates were immersed in the derivatization solution using a dipping device III (CAMAG) and heated for 20 min at 110 °C and then scanned at 254/>400 nm with a densitometer TLC Scanner 3 (CAMAG) using a slit dimension of 5.0 x 0.5 mm and scanning speed of 40 mm/s. 
2.5. Statistical analysis
Incident of fungal diversity was quantitatively analyzed for density, frequency, and abundance (Mishra 1968). For any species found in the sample, this type of analysis includes, the number of individuals (Density) and number of samples (Frequency) that the species was recorded in the total samples studied. Abundance was the number of individuals observed per sample. Relative density, relative frequency and relative abundance were determined following Phillips (Phillips 1959). Curtis (1959) method was adopted to analyze the important value index (IVI). Relative density, relative frequency and relative abundance were the sum of individual species density, frequency and abundance respectively. The values of relative frequency, relative density and relative abundance together will give IVI value. The species richness, diversity index (H) and concentration of dominance (Cd) of the species in the sampling area were also analysed. The diversity index was calculated following Shannon & Wiener (Shannon, 1963) method as:  H = −Σ ( Ni / N ) log 2 (N i /N ).

The concentration of dominance was determined using the Simpson’s index (Simpson, 1949) as: 


Cd = Σ (Ni /N)2
Where, Ni is number of individual species and N is total number of all species present in the studied area.

Statistical package for the social sciences version-15 (SPSS-15, IBM developers, 2010) software was used to perform correlation analysis of mycotoxigenic fungi from 3 studied regions of Southern India. Frequency, density, abundance, IVI, Shannon index and Simpson index of three studied regions were used to construct dendrogram using average linkage between groups (UPGMA analysis).
3. Results:
3.1. Mould incidence and diversity on maize samples  

A total number of 150 freshly harvested maize samples were collected randomly from different maize harvesting fields of Southern India, during winter 2010-2012. Table-3 showed diversity of fungal species including frequency, density and the diversity indices like important value index (IVI), Shannon index (species richness) and Simpson index (Diversity of the species).  Across the study area, Fusarium, Aspergillus and Penicillium were identified as most predominant genera with several species. It was also observed that, out of 3 study sites, Fusarium was the dominant genera in Karnataka (42%) and in Andhra Pradesh (46%) followed by Aspergillus (32% and 33% in Karnataka and Andhra Pradesh, respectively). In Tamilnadu, Fusarium incidences were more (75%) followed by Penicillium (13%), and Aspergillus (12%). The percentage of fungal incidence of maize samples in Southern India was depicted in Fig.1.  A. flavus, A. niger were observed with 100% frequency in Karnataka; whereas in Andhra Pradesh, P. chrysogenum and F. graminearum showed 100% frequency along with the above two Aspergillus species (Table-3). F. verticillioides and F. proliferatum were less frequent and highly densed in Tamilnadu with IVI of 52.6 and 59.7, respectively. The frequency and diversity of identified fungal species in Karnataka and Andhra Pradesh were significantly correlated (p< 0.05), however the fungal isolates of Tamilnadu were non-significantly correlated with other two regions (p> 0.05). The species richness, diversity index (Shannon index) was showed that Andhra Pradesh and Karnataka were highly diversified with several toxigenic moulds, whereas in Tamilnadu, the diversity of the fungal species was less when compared with other two regions (Table-3). The concentration of dominance (Simpson index) was higher in Tamilnadu when compared with other regions of the study (Table-3)
3.2. Mycotoxigenic potential of fungal species collected from maize samples


DNA was isolated from pure cultures of fungi isolated from maize samples and subjected to PCR using group specific primers and further confirmed with toxin analysis by HPTLC. The PCR and HPTLC analyses showed similar results for toxin chemotypes of fungi (Table- 4). PCR results of aflatoxin, ochratoxin, trichothcene and fumonisin producing fungal species are shown in Fig. 2, 3, 4 and 5, respectively.


A total of 288 fungal isolates, comprising Fusarium (159), Aspergillus (77) and Penicillium (59), were tested for aflatoxinB1 (AFB1), ochratoxinA (OTA), trichothecenes (DON and T-2 toxin) and FB1 by using PCR.  A. flavus and A. parasiticus isolates (n=28 gave positive results for aflatoxins (AFB1). A. ochraceus, P. verrucosum and P.  isolates (n=20belonged to OTA chemotype, whereas, F. graminearum, F. culmorum isolates (n=23) belonged to DON chemotype based on PCR results, while one isolate, which was producing DON, did not give a positive signal with F. graminearum and F. culmorum specific primers and with the primers specific for TRI6 gene. F. sporotrichioides isolates (n=11) belonged to T-2 toxin chemotype, remaining Fusarium isolates belonging (n=58) to F. verticillioides and F. proliferatum were positive for fumonisinB1 production. All isolates, which were identified by F. graminearum, F. culmorum  and F. sporotrichioides specific primers had the TRI6 gene (Table- 4). 


The chemotypes obtained by PCR analysis were confirmed by HPTLC analysis. All A. flavus and A. parasiticus isolates were producing aflatoxins. All A. ochraceus, P. verrucosum and P.  isolates were producing OTA, whereas, F. graminearum, F. culmorum isolates were producing DON. All F. sporotrichioides isolates were producing T-2 toxin. Remaining isolates of Fusarium belonging to F. verticillioides and F. proliferatum were producing fumonisin B1. 

 The percentage of toxigenic strains of Aspergillus, Penicillium and Fusarium isolated from maize kernels collected from Southern India were depicted in (Fig.6). Most of the toxigenic species were common in Karnataka and Andhra Pradesh, however, the toxicity percentage varied in these two regions. Only a few toxigenic species were observed in the samples of Tamilnadu region. The distance correlation analysis indicates that the maize samples contaminated by different mycotoxigenic species in Karnataka and Andhra Pradesh were nearly correlated. However, there was no correlation in the mycotoxigenic fungal incidences of Tamil Nadu with other two regions of the study (Fig.7).

3.3. Mycotoxin quantification

Mycotoxins (AFB1, OTA, T-2 toxin, DON and FB1) were quantified from contaminated grain and fungal samples by HPTLC. Aflatoxin concentration was found more in Southern India with 58 µg kg-1 , 52 µg kg-1and 48 µg kg-1of grain samples in Karnataka, Andhra Pradesh and Tamilnadu respectively. OTA concentrations were observed within safe limits in Andhra Pradesh and Karnataka (5 µg kg-1), however in Tamilnadu, no OTA contamination was found. T-2 toxin, DON and FB1 concentrations were crossed the safe limits given by FDA ((EC) No. 1881/2006) in all over the study area.  The FB1 concentrations were higher range in all studied regions with 90 µg /Kg, 76 µg /Kg and 123 µg /Kg of grain sample in Karnataka, Andhra Pradesh and Tamilnadu, respectively. The concentrations of T-2 toxin (38 - 50 µg kg-1   of grains sample) and DON (72 - 94 µg kg-1   of grain sample) were also found to be high in studied regions (Table-5).  

4. Discussion:
Majority of the citizens have in recent years developed a high tended concern for food quality and safety. Mould and mycotoxin contamination in Indian food products are rarely assessed and almost never controlled. In the present study area, the maize grains were infected by a variety of toxigenic fungi the common contaminants of these species includes, A. flavus, A. parasiticus, A. Niger, A. ochraceus, P. verrucosum, P. nordicum, P. chrysogenum, F. verticillioides, F. proliferatum, F. graminearum, F. culmorum, and F. sporotrichioides. These findings were confirmed by other workers from various countries (Cardwell et al  2000; Yli-Mattila et al 2004a). 


F. graminearum-specific primers Fg16F/R were designed before F. graminearum was divided into several new phylogenetic species by O'Donnell et al  (2000). This means that the primers are not completely specific for the present F. graminearum species  (Waalwijk et al 2004; Desjardins and Proctor 2011). Waalwijk et al (2004) used the name Fg11f/r for the primers, but the primer sequences were identical to Fg16f/r primers. According to them three species of F. graminearum species group (F. boothi, F. mesoamericanum and F. acacieae-mearnsii) do not give a PCR product with these primers. There is size variation between and within the other species. F. graminearum and  the new species F. nepalense gives a PCR product of about 400 bp (380-420 bp), while F. asiaticum gives a PCR product of 500-580 bp and. F. meridionale gives a PCR product about 510 bp. F. sporotrichioides-specific primers FsR/F of Demeke et al. (2005) have been found to be specific for North American F. sporotrichioides isolates, but the specificity of them have not been tested with the isolates of new closely related species of F. langsethiae (Yli-Mattila et al 2004b) and F. sibiricum (Yli-Mattila et al 2011). So,  further research is required  to find out, to which species of F. graminearum species complex and to which species of T-2 toxin producers the isolates of the present work really belong.
The results dealing with frequency, density, abundance and Importance Value Index (IVI) of these mycotoxigenic species confirmed that Andhra Pradesh and Karnataka fields were highly infected with aflatoxin producing fungi. However, maize fields of Tamil Nadu were predominantly infected by toxigenic Fusarium species. The results of Shannon and Simpson indices showed that the mycotoxigenic species recovered from Andhra Pradesh region were more diversified when compared with other two regions under study. However, in Tamilnadu region, mycotoxigenic species were less diversified with high dominance of toxigenic Fusarium species. 

Janardhana et al (1999) reported that the maize fields of Karnataka region was highly contaminated by 24 different species of moulds belonging to 14 genera of mycotoxigenic fungi.  Moreover, the present study confirmed that the earlier findings of Janardhana et al (1999) and extended the same findings in neighbor regions Andhra Pradesh and Tamil Nadu. In the present study, the PCR results were well correlated with conventional toxin analysis by HPTLC. 

High mould incidences were recorded in the present study; this could be explained by the fact that there are several environmental factors like, temperature, water-activity (Alam et al  2010), heavy rains (Krishnamachari et al 1975), physiological conditions of the grains (Hocking, 1991) and storage structure (Hell et al., 2000) that promote the growth of fungi in maize. The aflatoxin analysis revealed that, the A. flavus and A. parasiticus were the common aflatoxigenic species; the results were also in line with the studies of Shah et al (2010) and Janardhana et al  (1999). Earlier reports from India revealed that, high aflatoxin epidemic was observed in Guzarat and Rajasthan in the year 1975 (Vinod Kumar et al 2008) Approximately 400 persons were affected by the epidemic viz., jaundice, rapidly developing ascites and portal hypertension (Sinha 1990). A regular survey of some maize-growing areas of Bihar state, India, for 3 consecutive years (September 1984–1986) revealed heavy infestations of mycotoxin producing fungi with different maize samples (Chandra Nayaka et al 2010) and there were some evidences that aflatoxin contamination on maize kernels in Pakistan (Shah et al 2010)
A. ochraceus, P. verrucosum and P. nordicum were the potential OTA producing fungi of the region under study. Moreover, Karnataka region was noticed with high frequent (23%) of the OTA producing fungi than other two regions of the study. Isolates of A. ochraceus showed 100 % toxigenic in Karnataka and 70 % in Andhra Pradesh. We assumed that the OTA producing fungi in Indian maize fields were affecting after crop ripening stage and the sources of contaminants were the soil, equipments and the drying yard surfaces.  Besides aflatoxinB1 and OTA contamination, trichothecene and fumonisin producing species of Fusarium were also affected the maize grains under the study. Unfortunately, scanty reports are available for contamination of toxigenic Fusarium species in India (ChandraNayaka et al 2010). In Europe Munkvold (1997) studied the epidemiology of Fusarium ear rot (or pink ear rot) and Gibberella ear rot (or red ear rot), both of which resulted in mycotoxin contamination of maize grain. Velluti et al (2001) studied the production of fumonisin B1, zearalenone and deoxynivalenol by F. verticillioides, F. proliferatum and F. graminearum in mixed cultures on irradiated maize kernels. Gutema et al (2000) analysed the food-grade corn and corn-based food products intended for human consumption from different locations in the USA for fumonisin B1, fumonisin B2 and moniliformin. An outbreak of trichothecene mycotoxicosis associated with consumption of mould-damaged wheat products was reported in India by Bhat et al (1989).  

Aflatoxin contamination was found to have above the safe limits (30 mg/kg for total aflatoxins) of grain sample in all the study regions of Southern India. The average OTA contamination in Karnataka and Andhra Pradesh were within safety limits proposed by CODEX authority (20 µgkg-1 ). FumonisinB1 and trichothecenes (DON, T-2 toxin) exceeded the safety limits given by European food safety authority (EU/2006/576/EC) in all the studied regions (1 mgkg-1 for DON, 100 µgkg-1 of T-2 toxin (only in Russia) and 2 mgkg-1 of total Fumonisins (B1+B2+B3, http://services.leatherheadfood.com/eman/FactSheet.aspx?ID=79 ) however, no specific maximum limits for fumonisins are established in major markets including India, China, Japan, GCC, Russia, Canada and many Latin American countries. In India  maximum levels for DON in wheat and wheat based products were regulated as 1mg/Kg, however it was unclear for other cereals. In EU the given limits for DON are 1250 ppb in unprocessed cereals other than durum wheat, oats and maize and 1750 ppb in unprocessed durum wheat, oats and maize (Anonymous 2006). For fumonisins the maximum level is 2000 ppb in maize. The maximum limits for T-2 and HT-2 are still under discussion in EU. In Russia, specific maximum limits for T-2 toxin are established food grains, including wheat, rye, triticale, oats, barley, millet, buckwheat, rice, corn, sorgum as 100 µg/Kg, no other country in the world currently regulates specific maximum limits for T-2 toxin, However, the European Commission asked the European Food Safety Authority (EFSA) for a scientific opinion on the risk to human and animal health related to the presence of T-2 and HT-2 toxin in food and feed (EFSA 2011).
5. Conclusions:

In conclusion, concern the effectiveness of mycotoxins (AFB1, OTA, T2- Toxin, DON and FB1) on humans, livestock and occurrence of these mycotoxins on crops of South Indian maize grains were interlinked with toxigenic moulds. Higher diversity indices of the toxigenic species showed that the contamination was higher range in the studied region. Since, all the studied sites belong to temperate regions of the India, the environmental conditions especially temperature and relative humidity may be responsible for high level of mycotoxins. In conclusion, the results of the present study reveal that there is a need for mycotoxin awareness creation among the farmers in India.
Conflict of interest:

We declare that we have no proprietary, financial, professional or any other personal interest of any nature or any kind in any service, product or company that could influence opinions and positions presented in the manuscript.
Acknowledgements 


Authors are thankful to The Director, DFRL for providing facilities and Dr. Phani Kumar Senior scientist for giving valuable suggestions for the study. 

References

Alam S, Shah H U, Magan N, Qazi J I and Arif M  2010 Effects of calcium propionate and water activity on growth and aflatoxins production by Aspergillus parasiticus; Pak. J.  Zool.  42 57–62
Anonymous: Commission regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs; Official Journal of  European Union. 

Barnett  H L and Hunter BB 1998 Illustrated Genera of Imperfect Fungi. 4th edn. St. Paul MN: APS Press 218
Bennett  JW and Klich M 2003 Mycotoxins; Clin. Microbiol. Rev. 16 497–516
Bhat RV, Ramakrishna Y, Sashidhar RB and Munshi KL 1989 Outbreak of trichothecene mycotoxicosis associated with consumption of mould-damaged wheat products in Kashmir valley, India; The Lancet 333 35–37 

Bogs C, Battilani P and Geisen R  2006  Development of a molecular detection and differentiation system for ochratoxin A producing Penicillium species and its application to analyse the occurrence of Penicillium  in cured meat;  Int. J.  Food Microbiol. 107 39–47
Cabanes  FJ, Bragulat MR and Castellá G  2013  Characterization of nonochratoxigenic strains of Aspergillus carbonarius from grapes; Food. Microbiol doi: 10.1016/j.fm.2013.05.004
Cardwell  KF, King  JG, Maziya-Kixon B and Bosque-Perez N A 2000 Interactions between Fusarium verticillioides, Aspergillus flavus and insect infestation in four maize genotypes in Lowland;  Afr. J.  Phytopathol.  90 276–284
Chandra Nayaka S,  Udaya Shankar AC, Niranjana SR,  Ednar GW, Mortensen CN and Prakash HS 2010  Detection and quantification of fumonisins from Fusarium verticillioides in maize grown in southern India; World. J. Microbiol. Biotechnol.  26 71-78 
Chu FS  and Li GY 1994  Simultaneous occurrence of Fumonisin B1 and other mycotoxins in moldy corn collected from the People’s Republic of China in regions with high incidences of esophageal cancer;  Appl. Environ. Microbiol. 60 847–852
Commission Recommendation of 17th August 2006 on the presence of deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and fumonisins in products intended for animal feeding (2006/576/EC)

Curtis JT 1959 The vegetation of Wisconsin. An Ordination of Plant communities, University Wisconsin press, Madison Wisconsin; Pp- 657.
Dao  HP, Mathieu F and Lebrihi A 2005 Two primer pairs to detect OTA producers by PCR method;  Int. J.  Food Microbiol. 104 61–67
Demeke T, Randy  MC, Patric SK and Gaba D 2005 Species specific PCR based assays for the detection of Fusarium species and a comparison with the whole seed agar plate method and trichothecene analysis; Int. J.  Food Microbiol. 103 271-284
Desjardins AE and Proctor RH 2011 Genetic diversity and trichothecene chemotypes of the Fusarium graminearum clade isolated from maize in Nepal and identification of a putative new lineage; Fungal. Biol. 115 38-48
Gutema T, Munimbazi C and  Bullerman LB 2000 Occurrence of fumonisins and moniliformin in corn and corn-based food products of US origin; J.  Food Prot. 63 1732–1737
Hell K, Cardwell KF, Setamou M and Peohling HM 2000 The influence of storage practices on aflatoxin contamination in maize in four agro ecological zones of Benin; West Afr. J.  Stored Prod.  Rese. 36 365–382
Hohler D 1998 Ochratoxin A in food and feed: Occurrence, legislation and mode of action; Zeitschrift für Ernährungswissenschaft. 37 2–12.

IARC (International Agency for Research on Cancer) 1993 Some naturally occurring substances: food items and constituents, heterocyclic aromatic amines and mycotoxins. IARC Monographs on Evaluation of Carcinogenic Risk to Humans; 56 445–450
Janardhana GR, Raveesha KA and  Shekar shetty H 1999  Mycotoxin Contamination of Maize Grains Grown in Karnataka (India). Food.  Chem. Toxicol. 37 863-868
Krishnamachari KAVR, Bhat RV, Nagarajan V and Tilek TBG 1975 Hepatitis due to aflatoxinosis; Lancet. 1 1061-1063
 Logotheti M, Kotsovili TA, Arsensis G and Legaksis NI 2009 Multiplex PCR for the descrimination of A. fumigates, A. flavus, A. niger and A. terreus;  J. Microbial. Methods. 76 209-211
Mahmoud M, Eltawila, Abdullatif N and Sadeq AS 2013 Incidence of aflatoxins in commercial nuts in the holy city of Mekkah; Food Control. 29 121-124
Mishra R 1968  Ecology Workbook. Oxford & IBH, Calcutta. 

Munkvold GP, Hellmich RL and Showers WB 1997  Reduced Fusarium ear rot and symptomless infection in kernels of maize genetically engineered for European corn borer resistance; Phytopathology.  87 1071–1077
Nelson PE, Toussoun TA and Marasas WFO 1983 Fusarium Species. An illustrated manual for identification. The Pensylvania State University. University Park and London. USA. Pp- 193.

Nicholson P, Simpson DR, Weston G, Rezanoor HN, Lees AK, Parry DW and Joyce D 1998 Detection and quantification of Fusarium culmorum and Fusarium graminearum in cereals using PCR assays;  Physi. Mole.Plant. Pathol. 53 17–37
Oguz H, Hadimli HH, Kurtoglu V and Erganis O 2003  Evaluation of humoral immunity of broilers during chronic aflatoxin (50 and 100 ppb) and clinoptilolite exposure; Revue de Medicine Veterinaire. 154 483–486
Park YD, Myung-Sook L, Kim JH, Jun N, Park BC, Bae KS and Park HM 2000 Genomic Organization of Penicillium chrysogenum chs4, a Class III Chitin Synthase Gene. The J. Microbiol. 38 230-238

Phillips EA 1959 Methods of Vegetation Study. Henri Holt Co.Inc.
Prelusky DB, Rotter BA and Rotter RG 1994 Toxicology of mycotoxins. In: Miller JD, Trenholm HL. (Eds.). Mycotoxins in Grain. Compounds other than Aflatoxins. Egan Press. St. Paul, Minn, Pp 359–403

Priyanka SR, Venkataramana M, Phani Kumar G, Kotswara Rao V, Murali HS and  Batra HV 2013 Occurrence and olecular detection of toxigenic Aspergillus pecies in food grain samples from India; J. sci. Food. Agric. DOI 10.1002/jsfa.6289
Ramana MV, Balakrishna K, Murali HS and Batra HV 2011 Multiplex PCR-based strategy to detect contamination with mycotoxigenic Fusarium species in rice and fingermillet collected from southern India; J. Sci. Food Agric. 91 1666-73

Ramana MV, Chandranayaka S,  Balakrishna K, Murali HS and Batra HV 2012 A novel PCR–DNA probe for the detection of fumonisinproducing Fusarium species from major food crops grown in southern India; Mycology: Int. J. Fungal. Biol. doi. 10.1080/21501203.2012.690094
Schmidt H, Ehramann M, Vogel RF, Taniwaki MH and Niessen L 2003 Molecular typing of Aspergillus ochraceus and construction of species specific SCAR-primers based on AFLP; Syst. Appl. Micrbiol. 26 138-146
Shah HU, Thomas J, Simpson SA, Khanzadi FK and Sajida P 2010 Mould incidence and mycotoxin contamination in maize kernels from Swat Valley, North West Frontier Province of Pakistan;  Food.  Chem. Toxicol.  48 1111–1116

Shannon CE and Weaver W 1963 The Mathematical Theory of Communication, University of Illinois Press, Urbana. Pp, 127
Shurtleff W and Aoyagi A 1977 The book of kudzu. Autumn Press, Los Angeles, CA. 
Simpson EH 1949 Measurement of diversity;  Nature. 163 688-688
Sinha KK  1990 Incidence of mycotoxins in maize grains in Bihar State, India; Food Addit. Contam. 7 55-61
Stroka J, Jorissen U and Gilbert J 2001 Immunoafﬁnity column clean up with liquid chromatography using post-column bromination for determination of aﬂatoxins in peanut butter, pistachio paste, ﬁg paste, and paprika powder: collaborative study;  J. AOAC. Int.  83 320–340

Van Egmond HP 1989  Current situation on regulations for mycotoxins. Overview of tolerances and status of standard methods of sampling and analysis; Food Addit. Contam. 6 139–188
Vega M and Castillo D 2006 Determination of deoxynivalenol in wheat by validated GC/ECD method: comparison with HPTLC/FLD; Elect.  J.   Food.  Plant Chem.  1 16–20 

Velluti A, Marin S, Gonzalez R, Ramos AJ and Sanchis V 2001 Fumonisin B1, zearalenone and deoxynivalenol production by Fusarium moniliforme, F. proliferatum and F. graminearum in mixed cultures on irradiated maize kernels. J. Sci. Food Agric. 81 88–94
Vinod Kumar MS, Basu TP and Rajendran R 2008 Mycotoxin research and mycoﬂora in some commercially important agricultural commodities; Crop. Protection. 27 891 –905
Waalwijk C, Van der Heide R., de Vries I., van der Lee T, Schoen C, Costrel-de Corainville G, Häuser-Hahn  I,  Kastelein P, Köhl  J, Lonnet P, Demarquet  T and  Kema GHJ  2004  Quantitative detection of Fusarium species in wheat using TaqMan;  Euro. J.  Plant Pathol.110  481-494
Wild CP and Montesano R 2009  A model of interaction: aflatoxins and hepatitis viruses in liver cancer etiology and prevention; Cancer Lett. 286 22-28
Yli-Mattila T, Mach R, Alekhina IA, Bulat SA, Koskinen S, Kullnig-Gradinger CM, Kubicek C and Klemsdal SS 2004b Phylogenetic relationship of Fusarium langsethiae to Fusarium poae and F. sporotrichioides as inferred by IGS, ITS, (-tubulin sequence and UP-PCR hybridization analysis; Int.  J.  Food Microbiol. 95 267-285 

Yli-Mattila T, Paavanen-Huhtala S, Parikka P, Konstantinova P and Gagkaeva T 2004a Molecular and morphological diversity of Fusarium species in Finland and north western Russia; Euro. J.  Plant Pathol. 110 573-585.

Yli-Mattila T, Ward T, O’Donnell K, Proctor RH, Burkin A, Kononenko G, Gavrilova O, Aoki T, McCormick SP and Gagkaeva T 2011 F. sibiricum sp. nov; a novel type A trichothecene-producing Fusarium from northern Asia closely related to F. sporotrichioides and F. langsethiae;  Int. J. Food Microbiol.147 58-68

Tables:
Table-1. Primers used for species specific PCR assays

	Name of the organism
	primer
	Primer sequence (5’-3’)
	Reference

	A. flavus
	PEPO1
	CGACGTCTACAAGCCTTCTGGAAA
	(Logothet et al., 2009)

	
	PEPO2
	CAGCAGACCGTCATTGTTCTTGTC
	

	A. niger
	PEPI1
	CAGTCGTCCAGTACCCTAAC
	(Logothet et al., 2009)

	
	PEPI2
	GAGCGAGGCTGATCTAAGTG
	

	A. ochraceus
	OCA-V
	ATACCACCGGGTCTAATGCA
	(Schmidt et al., 2003)

	
	OCA-R
	TGCCGACAGACCGAGTGGATT
	

	A. fumigatus
	PEX1
	TATGTCTTCCCCTGCTCC
	(Logothet et al., 2009)

	
	PEX2
	CTATGCCTGAGGGGCGAA
	

	P. verrucosum
	otanps-for
	AGTCTTCGCTGGGTGCTTCC
	(Bogs et al., 2006)

	
	otanps-rev
	CAGCACTTTTCCCTCCATCTATCC
	

	P. chrysogenum
	Primer1
	CTGAAGCTTACCATGTACAAC GAG

	(Park et al., 2000)

	
	Primer2
	GTTCTCGAGTTTGTACTCGAAGTTCTG
	

	F. graminearum
	Fg16F
	CTCCGGATATGTTGCGTCAA
	  (Nicholson et al., 1998)

	
	Fg16R
	GGTAGGTATCCGACATGGCAA
	

	F. culmorum
	Fc 01F
	ATGGTGAACTCGTCGTGGC
	  (Nicholson et al., 1998)

	
	Fc 01R
	CCCTTCTTACGCCAATCTCG
	

	F. verticillioides
	VER1
	CTTCCTGCGATGTTTCTCC
	(Mule et al., 2004)

	
	VER2
	AATTGGCCATTGGTATTATATAC
	

	F. proliferatum
	FPRO1
	CTTTCCGCCAAGTTTCTTC
	(Mule et al., 2004)

	
	FPRO2 
	TGTCAGTAACTCGACGTTG
	

	F. sporotrichioides
	AF330109CF
	AAAAGCCCAAATTGCTGATG
	  (Demeke et al., 2005)


Table-2.  Primers used for group specific identification of aflatoxin, ochratoxin, Trichothecene and fumonisin producing fungi. 
	Gene targeted
	primer
	Primer sequence (5’-3’)
	Amplicon size
	Annealing temperature
	Reference

	Nor1
	NorF
	GTCGCTGAAGGCAGTCGGAT
	397Bp
	56 oC
	Present work

	
	NorR
	TCTCAAAGTGGAACTTGC
	
	
	

	PKS
	Aolc35F
	GCCAGACCATCGACACTGCATGCTC
	536 Bp
	57 oC
	(Dao et al., 2005)

	
	Aolc12 R
	CGACTGGCGTTCCAGTACCATGAGC
	
	
	

	Tri6
	Tri6 F
	GATCTAAACGACTATGAATCACC
	546 Bp
	56 oC 
	 (Ramana et al., 2011)

	
	Tri6 R
	GCCTATAGTGATCTCGCATGT
	
	
	

	Fum13
	Fum13 F
	AGTCGGGGTCAAGAGCTTGT
	988 Bp
	58 oC
	(Ramana et al., 2011)

	
	Fum13 R
	TGCTGAGCCGACATCATAATC
	
	
	


Table-3. Incidence of fungal species isolated from freshly harvested maize kernels collected in Southern India. 
	Name of the organism isolated
	Karnataka
	Andhra Pradesh
	Tamilnadu

	
	Fr
	Den
	IVI
	Fr
	Den
	IVI
	Fr
	Den
	IVI

	A.flavus
	100.00
	2.80
	34.1728
	100.00
	2.00
	25.0698
	40.00
	0.80
	17.1627

	A.parasiticus
	60.00
	1.60
	23.5415
	80.00
	1.60
	21.3469
	40.00
	0.40
	12.4275

	A.niger
	100.00
	1.40
	22.2947
	100.00
	1.00
	17.0804
	40.00
	0.40
	12.4275

	A.ochraceus
	40.00
	0.40
	6.16667
	40.00
	1.00
	16.4671
	0.00
	0.00
	0.0

	A.tamari
	0.00
	0.00
	0
	40.00
	0.60
	11.3348
	0.00
	0.00
	0.0

	OtherAspergillus species
	20.00
	0.20
	6.56765
	40.00
	0.80
	13.901
	40.00
	0.40
	12.4275

	P. verrucosum
	80.00
	1.60
	23.302
	60.00
	0.80
	13.5675
	20.00
	0.20
	7.3766

	P. norodicum
	40.00
	0.60
	12.3931
	80.00
	1.00
	16.0691
	20.00
	0.40
	10.907

	P. chrysogenum
	80.00
	2.40
	30.7863
	100.00
	2.00
	25.0698
	40.00
	0.60
	14.7951

	Other Penicillium species
	60.00
	0.60
	12.7343
	40.00
	0.60
	11.3348
	40.00
	1.00
	19.5304

	F.graminearum
	60.00
	1.40
	21.3801
	100.00
	2.40
	28.2656
	40.00
	0.80
	17.1627

	F. culmorum
	80.00
	2.40
	30.7863
	80.00
	1.20
	17.8283
	40.00
	1.20
	21.898

	F. sporotrichioides
	40.00
	1.40
	23.3618
	60.00
	1.40
	19.6521
	40.00
	1.60
	26.6332

	F. verticillioides
	80.00
	1.60
	23.302
	60.00
	2.40
	29.7933
	40.00
	3.80
	52.6769

	F. proliferatum
	80.00
	1.20
	19.5598
	60.00
	1.20
	17.6239
	40.00
	4.40
	59.7797

	Other Fusarium species
	40.00
	0.40
	9.65099
	60.00
	1.00
	15.5957
	40.00
	0.60
	14.7951

	Shannon index
	2.53047


	2.6795


	2.218



	Simpson index
	                        0.0886
	                       0.0746
	                        0.150


NOTE: Fr-Frequency of fungal species; Den-Density of Fungal species; IVI- Impartant value Index; Shannon Index- Species diversity; Simpson index- Dominance of species.
	Species and number  of Isolates
	No of Isolates
	PCR results
	Toxin production

	
	
	Nor1
	Pks1
	TRI6
	Fum13
	

	Identified Aspergillus isolates

	A. flavus
	28
	18
	nd
	nd
	nd
	AFB1 (18)

	A. parasiticus
	18
	10
	nd
	nd
	nd
	AFB1 (10)

	A. ochraceus
	7
	nd
	6
	nd
	nd
	OTA (6)

	A. niger
	14
	nd
	nd
	nd
	nd
	nd

	A. tamari
	3
	nd
	nd
	nd
	nd
	nd

	Unknown Aspergillus species
	7
	nd
	nd
	nd
	nd
	nd

	  Identified Penicillium isolates

	P. verrucosum
	13
	nd
	6
	nd
	nd
	OTA (6)

	P. norodicum
	10
	nd
	6
	nd
	nd
	OTA (6)

	P. chrysogenum
	25
	nd
	nd
	nd
	nd
	nd

	Unkown Penicillium species
	11
	nd
	nd
	nd
	nd
	nd

	  Identified Fusarium isolates

	F. graminearum
	23
	nd
	nd
	12
	nd
	DON (12)

	F. culmorum
	24
	nd
	nd
	11
	nd
	DON (12)

	F. sporotrichioides
	22
	nd
	nd
	11
	nd
	T-2 toxin (11)

	F. verticillioides
	39
	nd
	nd
	nd
	31
	FB1 (31)

	F. proliferatum
	34
	nd
	nd
	nd
	27
	FB1 (27)

	Unknown Fusarium species
	10
	nd
	nd
	nd
	nd
	nd

	

	Total number of  isoltaes
	288
	28
	18
	34
	58
	140


Table-4.  Comparative evaluation PCR and HPTLC results on fungal isolates 

Table- 5. Chemical analysis of mycotoxins by HPTLC
	S No
	Type of Toxin 
	Toxin concentrations in (μgkg-1)

	
	
	Karnataka 
	Andhra Pradesh 
	Tamilnadu

	1
	AFB1
	58 ±2
	52 ±0.9
	48 ±0.7

	2
	OTA
	5 ±0.1
	4.8 ±0.2
	ND

	3
	T2-toxin
	50 ± 0.6
	43 ±1
	38 ±0.4

	4
	DON
	80 ±3
	94 ±2
	72 ±2

	5
	FB1
	90 ±2
	76 ±1
	123 ±4


Note: n=50 samples from each region of the study (± SEM values of toxin concentrations).
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