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Abstract The genotoxic, mutagenic and cancerogenic aflatoxins produced by Aspergillus parasiticus are not yet efficiently controlled besides the increasing researches on this topic. Aflatoxin production by A. parasiticus is related to oxidative stress and some antioxidants can inhibit their production. Some basidiomycetes as Trametes versicolor used as ‘‘healing mushrooms’’ present h-glucans and glycoproteins which are responsible for the stimulation of the host immune response. In this work T. versicolor culture filtrates, from different isolates, have been tested on A. parasiticus cultures to assay their inhibiting effect on aflatoxin production. Filtrates from T. versicolor were lyophilised and exopolysaccharides and glycoproteins were extracted by subsequent steps and added (2% w / v) to liquid cultures of a toxigenic A. parasiticus strain. Fungal growth and aflatoxins production by A. parasiticus were analysed both in filtrates and in mycelia and no interference on the output of toxins from mycelia was evidenced. Furthermore antioxidant capacity (by crocin test) of the T. versicolor extracts was analysed. All the strains assayed are able to inhibit the toxin production from 40% to above 90% in liquid cultures as well as in maize and wheat seeds inoculated with A. parasiticus. Antioxidant activity and h-glucans amount in T. versicolor extracts showed a close relationship with aflatoxin inhibition ability and demonstrated that h-glucans could be involved in aflatoxin inhibition. Molecular data indicate the almost complete inhibition of norA mRNA expression and a delay of aflR mRNA transcription. Filtrates and fractions from T. versicolor could be promising agents in the challenge against aflatoxins. D 2005 Elsevier B.V. All rights reserved. Keywords: Aflatoxins; Aspergillus parasiticus; Trametes versicolor; Antioxidants; h-glucans



1. Introduction Aspergillus parasiticus (Speare) and A. flavus (Link) are well known widely diffused fungi able to contaminate, already in the field, food commodities like seeds. Once the crop is contaminated, these fungi can develop and produce aflatoxins, secondary metabolites which are cancerogenic, teratogenic and mutagenic for animals and humans (Ellis et al., 1991; Ricordy et al., 2004). These mycotoxins can enter the human and animal food chain, not only by the direct ingestion of contaminated seeds or processed food, but also by the consumption of meat or other animal products (i.e. milk) coming from livestock fed with contaminated silages. Although there are improvements in the strategies to prevent fungal colonization and aflatoxin formation, the control of these mycotoxins in food and feed has not yet * Corresponding author. Tel.: +39 66833878, +39 649917136; fax: +39 66833878. E-mail address: [email protected] (C. Fanelli). 0168-1605/$ - see front matter D 2005 Elsevier B.V. All rights reserved. doi:10.1016/j.ijfoodmicro.2005.10.003



been achieved. The use of chemicals in the prevention of fungal colonization has led to a severe environmental pollution while the biological control of aflatoxin formation is still in its beginning, even if different studies on competition among toxigenic and non-toxigenic strains have been carried out (Dorner and Cole, 2002; Dorner et al., 2003). A close relation between the peroxidation of the fungal cellular membranes and aflatoxin production was demonstrated (Fanelli et al., 1984; Fanelli and Fabbri, 1989) and the importance of the role played in this process by oxidative stress in the fungal cell has been underlined (Jayashree and Subramanyam, 2000; Tsitsigiannis et al., 2001; Reverberi et al., 2005). Some antioxidants like butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and cysteamine, tested in different experimental conditions, have been reported (Fanelli et al., 1985, 1986) to control the aflatoxin production both in liquid cultures and in different kinds of seeds and also recently the use of the antioxidants has been carefully taken into consideration (Kim et al., 2004).



244



S. Zjalic et al. / International Journal of Food Microbiology 107 (2006) 243 – 249



In Asian countries a variety of mushrooms: T. versicolor, Lentinula edodes, Grifola frondosa, Ganoderma lucidum and Schizophillum commune have been used as ‘‘healing mushrooms’’ against different pathologies (Wasser and Weis, 1999). Recently also official medicine has considered the opportunities given by these kinds of remedies since compounds with antioxidant activity such as thioproline, mannitol and h-glucans were detected in the mycelium, fruit bodies and filtrates of different basidiomycetes (Kobayashi et al., 1993; Sun et al., 2004). Mushroom polysaccharides and glycoproteins have demonstrated anti-tumoral, hepatoprotective, antiviral and antibacterial effects mostly in animal systems, (Wasser and Weis, 1999; Wasser and Didukh, 2005) as well as the ability to protect animal liver from aflatoxicosis (Slamenova et al., 2003). Protein-bound polysaccharide (Polysaccharide K, PSK) and polysaccharopeptide (PSP) from T. versicolor (Maeda et al., 1974; Chihara, 1990, 1992; Kim et al., 1999; Sia and Candlish, 1999; Fisher and Yang, 2002) are among the most studied. Their action, tested mostly in animal and in vitro models, seems to lie in a stimulation of the host immune response through the activation of lymphocyte cells in addition to a direct control of the peroxidative events and the radical cascade (Yuan et al., 1996; Slamenova et al., 2003). Recently the requirement of products (light or natural antifungals) with low impact on the environment and on human health and able to maintain aflatoxin control has increased. In fact several papers report the use of extracts from plants and fungi to inhibit fungal development and mycotoxin production (Fanelli et al., 2000; Sanchez et al., 2005; Reverberi et al., 2005). In this paper the effect of the lyophilised filtrates and their fractions from three isolates of T. versicolor on the aflatoxin production by A. parasiticus was studied, both in vitro and in maize or wheat seeds, by physiological and molecular methods and the expression of some genes (aflR and norA) related to aflatoxin formation was investigated. The goal of this study was to propose a novel food grade tool to obtain a significant control of aflatoxin production and to study some aspect of its mechanism of action on A. parasiticus.



A. parasiticus (Speare) (NRRL 2999), producer of aflatoxins B1, B2, G1 and G2, was cultured on PDA at 30 -C for 7 days and a suspension of 1 106 conidia in 0.2 ml of sterilised distilled water was used as inoculum. 2.2. Assays of different mushroom culture filtrates on aflatoxin production Malt extract (500 ml in 1 l Erlenmeyer flasks) was inoculated with 10 ml of homogenized mycelia for each assayed T. versicolor isolate. The inoculated cultures were incubated at 25 -C in rotary shaken conditions (100 rpm) for 15 days. The mycelium was separated from the culture medium by filtration through Millipore filters (Whatmann 0.45 Am) and the filtrate was lyophilised (lyophilised filtrate, LF) or purified and separated into different fractions before lyophilisation. The LF were added (final concentration 2% w / v) to 25 ml of PDB in 50 ml Erlenmeyer flasks. The flasks were inoculated with A. parasiticus conidia, as previously reported and incubated at 30 -C for 3, 6 and 9 days. At each time point aflatoxins were monitored in the mycelia and culture filtrates. 2.3. Extraction of exopolysaccharides To obtain the exopolysaccharides (EP) present in the culture filtrates from the T. versicolor isolates, the protocol of Krcmar et al. (1999) was followed. The filtrates were reduced in volume by heating at 45 -C for 24 h and then precipitated with cold absolute ethanol (1 : 1 v / v) for 12 h at 4 -C and centrifuged at 11,000 rpm for 30 min and the pelleted EP were collected. The obtained fraction has been used to investigate their influence on aflatoxin production. An amount of 150 mg of EP were dissolved in 40 ml of distilled water and 2 mg of trypsin were added. The solution was stirred overnight at 40 -C, dialysed (membrane cut-off 10000 Dalton) against distilled water and lyophilised to obtain the trypsinated exopolysaccharides (EPSt). This fraction, as previously reported (Krcmar et al., 1999), is mainly formed by exopolysaccharides. 2.4. Assays of different mushroom filtrates fractions on aflatoxin production



2. Materials and methods All culture media were from Difco, all reagents and solvents were from Carlo Erba and all standards were from Sigma. 2.1. Fungal strains T. versicolor (L.:Fr) Pil. CF 117, CF 74, CF 76 were from the collection of the Laboratory of Plant Pathology, Department of Plant Biology, Universita` ‘‘La Sapienza’’-Roma. The strains were cultured on Potato Dextrose Agar (PDA) in Petri dishes incubated at 25 -C for 10 days. Ten day liquid cultures of PDB (Potato Dextrose Broth) (50 ml in 100 ml Elenmayer flasks) of different isolates were prepared from Petri dishes and used as inoculum.



The EP (0.8% w / v) and EPSt (0.7% w / v) lyophilised fractions were added to 25 ml PDB in 50 ml Erlenmeyer flasks. These concentrations were calculated in relation to the yield ratio of EP, EPSt and lyophilised filtrates (LF). The flasks, inoculated with A. parasiticus conidia were incubated at 30 -C and the fungal growth and aflatoxins production were assayed after 3, 6 and 9 days of incubation. 2.5. Determination of A. parasiticus conidia germination and mycelial growth The conidia germination was carried out on Czapek Dox Broth agarized with 0.2% w / v of Bacto Agar, supplemented with 2% w / v of different LF, 0.8% w / v EP and 0.7% w / v
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EPSt, inoculated with 1 106 A. parasiticus conidia and incubated at 30 -C. After 16 and 24 h of incubation the germination of conidia was evaluated by Thoma chamber. The A. parasiticus growth was estimated by collecting the mycelium through Millipore filters (0.45 Am), washing three times with physiologic saline solution (NaCl 0.9% w / v) and once with distilled water and weighing the mycelium after drying at 80 -C for 48 h. 2.6. Experiments on maize and wheat seeds Twenty grams of unsterilized maize and wheat seeds were moistened up to 0.90 aw with sterilized distilled water and stabilized at 4 -C overnight. The samples were treated with LF (2% w /w) from CF 74, 76 and 117 then 1 106 conidia of A. parasiticus were inoculated. The samples were incubated at 30 -C for 20 days. 2.7. Aflatoxin analysis The aflatoxins (B1 + B2 + G1 + G2) analyses were performed as previously reported (Fanelli et al., 2000) by extracting culture filtrates and mycelia in chloroform : methanol (2 : 1 v / v) three times. The extracts were collected after filtration on anhydrous Na2SO4, concentrated under a N2 stream and quantified by a Perkin Helmer PL 75 HPLC equipped with a LC-18 Supelco column, with methanol/water 50 / 50 v / v as eluent phase and a flow of 0.5 ml/min. The experimental conditions allow to detect a quantity of aflatoxins with a limit of 10 ng and a toxin recovery from the substrates of 95%.
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Vis and Lorenz (1997). The percentage of h-glucans present in the samples was also calculated on the quantity of total carbohydrates, which were determined by anthrone reaction (Koehler, 1952). 2.11. aflR and norA semi quantitative RT-PCR analysis Total RNA from 100 mg of freeze-dried mycelia was extracted using Tri-Reagent protocol by Sigma and was spectrophotometrically quantified by determining the optical density at 260 nm. RNA was treated with RNAse-free Dnase I and then resuspended in 20 Al of DEPC-treated water. RNA was extracted 24, 48, 72 h, 7 and 9 days (3 tubes each day) after lyophilised filtrate addition to A. parasiticus culture and was used to develop an aflR and norA Reverse Transcriptase (RT)-PCR assay. The RT reaction mixture (1 Al) was used for aflR and norA specific PCR amplification, performed on a Eppendorf Gradient Mastercycler 5010, together with 10 pmol of A. parasiticus aflR and norA specific primers. The program included 30 cycles consisting of 95 -C for 30 s, 58 -C for 20 s and 72 -C for 1 min. RT-PCR control reaction mixtures contained either water or 10 ng of A. parasiticus DNA. Constitutive expression of ribosomal 18S RNA was tested by using RNA extracts from A. parasiticus in each time point. The ratio of aflR and norA/18S PCR products was determined using Molecular analyst software (Bio-Rad) and this ratio was used as an index of the relative aflR and norA mRNA expression in samples. 3. Statistics



2.8. Experiments with lyophilised filtrates without A. parasiticus inoculum Twenty-five milliliter of PDB were inoculated with 1 106 A. parasiticus conidia and incubated for 6 days at 30 -C to obtain the aflatoxins production. After filtration of the mycelium, the filtrates were sterilized by autoclaving and then aflatoxins produced by A. parasiticus in the culture medium were quantified. The filtrates with aflatoxins (25 ml) were supplemented with LF (2% w / v), EP (0.8% w / v) and EPSt (0.7% w / v) without A. parasiticus inoculum and incubated at 30 -C up to 9 days. To verify the effect of filtrates and purified fractions on the mycotoxins already present in the culture media, the aflatoxins were determined after 3, 6 and 9 days of incubation and compared with those present in the untreated control. 2.9. Assay of the antioxidant action of the assayed filtrates The antioxidant action of the lyophilised filtrates and their fractions was tested by the crocin bleaching test (Reverberi et al., 2005). 2.10. b-glucans assay of LF of T. versicolor isolates CF 74, 76 and 117 The amounts of h-glucans present in lyophilised filtrates of the three isolates of T. versicolor was analysed as described by



All the data presented are the mean value (T SE) of 3 determinations from 3 separate experiments. In all experiments, mean values were compared using Student’s t-test. 4. Results 4.1. Inhibitory effect of lyophilised filtrates (LF), exopolysaccharides (EP) and trypsinated exopolysaccharides (EPSt) on aflatoxin production by A. parasiticus An inhibition of aflatoxin production that ranged from 40% to 90% was evidenced when the cultures of the toxigenic A. parasiticus strain were treated with LF, EP and EPSt from T. versicolor isolates (Fig. 1a, b, c). The purification of the LF increased the inhibiting effect in the following order: EP>EPSt>LF. In fact the EP fraction of all isolates was the most efficient in the control of the toxin biosynthesis and even after 9 days of incubation of A. parasiticus the aflatoxins recovered from the treated samples were less than 5% in comparison with the control. Furthermore the inhibiting effect was strain dependent, in fact the LF from isolate CF 117 inhibited aflatoxins production more than 90% while those of the isolate CF 74 demonstrated an inhibition of about 40%. The EP fraction of the isolate CF 117 completely inhibited the growth of A. parasiticus (Fig. 1b).
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4.2. Effect of LF, EP and EPSt on A. parasiticus conidia germination and mycelial growth The A. parasiticus conidia germination and growth was not significantly influenced by the addition of LF, EP and EPSt of the isolates CF 74 and 76 (Table 1). The LF of T. versicolor isolate CF 117, after 16 h of incubation, inhibited the conidia germination of A. parasiticus by about 60% but after 24 h of incubation the inhibiting effect was lost. Mycelial growth showed an inhibition ranging from 60% after 3 days of incubation to 30% after 9 days of incubation. The EP fraction of CF 117 showed the complete inhibition of conidia germination and mycelial growth. The EPSt fraction evidenced an inhibiting effect of about 45% on mycelial growth after 3 days of incubation, but after 6 days the fungal growth of the treated samples was comparable with the control. 4.3. Detection of aflatoxins in filtrates and in mycelia of A. parasiticus cultures treated with LF, EP and EPSt



Fig. 1. Effect of lyophilised filtrates, LF (a), exopolysaccharides, EP (b) and exopolysaccharides trypsinated, EPSt (c) fractions from T. versicolor cultural filtrates on aflatoxin production by A. parasiticus after 3, 6 and 9 days of incubation at 30 -C. The data are the mean T SE of 3 determinations of 3 separate experiments.



The inhibiting rate of the LF on aflatoxins is constant throughout the duration of the experiment. In fact CF 74 presented about 42.0%, CF 76 about 74.5% and CF117 about 96.5% of aflatoxin inhibition rate in the three time points (3, 6 and 9 days) analysed.



The presence of the different filtrates in the culture medium did not impair the output of aflatoxins from the fungal cell (Fig. 2). In fact the ratio of aflatoxins detected in the mycelia of A. parasiticus, as in the control as in the treated samples, was constant and represented about 15% of the toxins excreted in the culture medium. Furthermore, we have investigated the effect of lyophilised and purified filtrates on the amount of aflatoxins already present in the culture media. It is evident that the presence of the filtrates has no influence on aflatoxin detection (control up to 305 T 18.6 Ag/25 ml; treated samples up to 300.9 T 20.2 Ag/25 ml during the time course) leading to exclude interferences between synthesised aflatoxins and the filtrates. 4.4. Antioxidant capacity and b-glucans content of LF in relation to aflatoxin production by A. parasiticus The antioxidant action of the LF of the 3 isolates was monitored by the use of the crocin test which detects the antioxidant efficiency of the sample against the peroxides



Table 1 Influence of lyophilised filtrates, LF, exopolysaccharides, EP and exopolysaccharides trypsinated 1



Treatment



Percentage of conidia germination



Mycelial growth (dry weight, mg 25 ml



16 h



24 h



3 days



6 days



9 days



Control CF 74 LF EP EPSt CF 76 LF EP EPST CF 117 LF EP EPSt



92.5 T 2.2 90.7 T 2.7 91.0 T 2.6 93.2 T 2.9 90.8 T 3.4 91.1 T 2.5 91.4 T 2.4 36.5 T 2.0 0 90.1 T 2.6



96.8 T 3.2 98.1 T1.9 97.6 T 2.4 96.8 T 3.1 95.1 T 4.8 97.3 T 2.7 96.9 T 3.1 95.4 T 4.3 0 95.2 T 4.1



52.3 T 5.2 50.9 T 6.7 51.0 T 4.6 53.5 T 5.9 50.1 T 6.4 51.2 T 6.5 51.4 T 5.4 35.5 T 4.0 0 51.1 T 5.6



90.4 T 10.7 91.3 T 9.9 92.0 T 11.2 90.7 T 10.1 89.4 T 13.2 88.9 T 10.1 89.9 T 9.6 57.7 T 7.8 0 91.4 T 11.4



98.7 T 11.0 98.3 T 10.9 98.4 T 12.5 97.1 T13.1 96.7 T 14.0 97.9 T 12.7 97.1 T13.5 61.4 T 10.8 0 97.2 T 14.1



)



EPSt fraction from 3 isolates of T. versicolor on the A. parasiticus conidia germination and mycelial growth. The data are the mean T SE of 3 determinations of 3 separate experiments.
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Fig. 2. Aflatoxin detection in mycelia (Myc) and culture filtrates (Filt) of A. parasiticus incubated in PDB (Cont) and PDB supplemented with lyophilised filtrates, LF, exopolysaccharides, EP and exopolysaccharides trypsinated, EPSt fractions of the T. versicolor isolate CF 76. The data for aflatoxins obtained in Cont (Filt) samples are reported above the bars. The isolates CF 74 and CF 117 showed similar results and are not reported. The data are the mean T SE of 3 determinations of 3 separate experiments.



present. A relationship between antioxidant capacity of the LFs and aflatoxin inhibition is shown in Table 2. The higher the antioxidant capacity of the LF the higher the inhibiting effect on aflatoxin production (R = 0.92; P < 0.001). Further, in the same table the direct relation between amount of h-glucans in the LFs and the aflatoxin inhibition (CF117>CF76>CF74) was shown (R = 0.97; P < 0.001). 4.5. Analyses of the expression of aflR and norA mRNA in the mycelium of A. parasiticus treated with lyophilised filtrate of CF117 RT-PCR analyses (Fig. 3a, b, c) carried out on the mycelia of A. parasiticus grown in the presence of lyophilised filtrates of T. versicolor CF117 showed that the filtrate is able to alter the activation of aflatoxin gene cluster in comparison with the control. In fact, norA mRNA relative expression was significantly ( P < 0.001) inhibited for all the time points. Further delaying and inhibiting effects were also evident for aflR expression. The levels of aflR and norA mRNA expression in the treated samples never reached the highest values of the control. 4.6. Inhibitory effect of lyophilised filtrates (LF) added to wheat and maize seeds inoculated with A. parasiticus The experiments carried out on maize and wheat seeds inoculated with A. parasiticus demonstrated that the treatment



Fig. 3. RT-PCR analysis (a) of aflR and norA in the mycelia of A. parasiticus treated (LF-CF117) and untreated (Cont) with 2% w / v of lyophilised filtrates, LF of T. versicolor CF 117 at different times of incubation. In the graphs below (b,c), the mean T S.E.M. of the relative aflR and norA mRNA expression normalised on rRNA 18S levels are reported. Each assay represents RNA from n = 5 mycelia from 3 separate experiments.



with LF from T. versicolor isolates inhibited up to 90% of the aflatoxin formation (Table 3). After 20 days of incubation the LF of the tested isolates showed the same trend of inhibiting effect in liquid cultures and on maize and wheat seeds (117 > 76 > 74) (Fig. 1a, Table 3). Furthermore it could be pointed out that the minimal inhibition achieved on seeds is



Table 2 Antioxidant capacity, h-glucans content, percentage (%) of h-glucans/total sugar present in the lyophilised filtrates (LF)a and percentage (%) of aflatoxin inhibition (after 9 days of incubation) showed by different lyophilised filtrates (LF) from T. versicolor cultures added to PDB media inoculated with A. parasiticus and incubated at 30 -C LF



Antioxidant activity (mM BHA)



h-glucans (mg l



CF 74 CF 76 CF 117



1.7 T 0.8 1.8 T 0.7 2.2 T 0.8



279.1 T 20.5 347.5 T 29.7 392.3 T 35.1



1



)



h-glucans (percentage of total carbohydrates)



Percentage of aflatoxin inhibition after 9 days of incubation



3.1 T 0.2 3.8 T 0.3 4.9 T 0.4



39.3 T 4.5 75.1 T 7.2 97.0 T 6.4



The data are the mean T SE of 3 determinations of 3 separate experiments. a In the purified fractions EP and EPSt, the amount of h-glucans was non significantly higher than LF fractions (about 2 – 3%) and the antioxidant capacity was lower than LF of about 5 – 7%.
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Table 3 Effect of lyophilised filtrates (LF) from isolates CF74, CF76, CF117 on aflatoxin (AFLT) production by A. parasiticus grown on 20 g of maize and wheat seeds, moistened at a w 0.90, after 20 days of incubation at 30 -C Treatments



AFLT Ag 20 g



1



Percentage of AFLT inhibition



Wheat seeds Control CF 74 CF 76 CF 117



84.9 T 6.2 26.2 T 1.3 17.4 T 1.0 2.2 T 0.3



0 69.2 T 5.2 79.5 T 5.0 97.3 T 4.7



Maize seeds Control CF 74 CF 76 CF 117



109.6 T 6.9 31.6 T 2.0 24.2 T 1.7 3.4 T 0.2



0 71.1 T 6.3 77.9 T 5.5 96.9 T 7.9



The data are the mean T SE of 3 determinations of 3 separate experiments.



significantly higher in comparison with liquid cultures (70% vs. 40%). 5. Discussion The isolates of T. versicolor studied in this work are able to inhibit aflatoxin production by A. parasiticus in liquid cultures and on maize and wheat seeds. The inhibiting effect was probably due to some hindrance in the aflatoxin pathway since neither interferences of the LFs with the output of the aflatoxins in the media nor interactions with aflatoxins already present in the substrate were observed. This hypothesis is confirmed by the molecular analysis of two genes (aflR and norA) belonging to the aflatoxin cluster which shows an inhibition and a delay in their expression. The first one is the gene which codifies for the transcription factor that regulates the expression of the cluster, while norA codifies a protein involved in the first steps of toxin synthesis (Bhatnagar et al., 2003). The expression of aflR is not closely connected with aflatoxin production, in fact being AflR regulated at post-translation level its mRNA expression could not be a symptom of the protein activation (Kim et al., 2004). It is known that the biosynthesis of aflatoxins is closely related with oxidative stress and lipoperoxidation and can be controlled by some antioxidants. The antioxidant can play a role also in this inhibiting event, in fact some antioxidant compounds are present in T. versicolor fractions, as confirmed by the antioxidant capacity shown by the extracts. A significant difference in aflatoxin inhibition rate among the tested isolates is evident, although the same cultural conditions were used, indicating that compounds different for quality and/or quantity affected aflatoxin production. The inhibiting rate of each strain did not change significantly during the time course suggesting that, probably, the toxin control was due to the quality rather than the quantity of the inhibiting compound(s). Furthermore, after purification by ethanol precipitation (exopolysaccharides fraction), all the filtrates enhanced their inhibiting efficiency on aflatoxins control indicating that some compounds, different from



polysaccharides and/or smaller than 10 kDa, can negatively interfere with the toxin control. The results obtained with EP and EPSt fractions, in vitro, underline the role of polysaccharides and glycoproteins in the inhibition of the aflatoxin biosynthesis. Moreover the lower inhibition of the EPSt fraction compared to the EP indicates the involvement of the protein part of these molecules in this action. The production by T. versicolor of different polysaccharides (i.e. h-glucans) and glycoproteins (i.e. PSK and PSP), which can also be released in the culture media, is well known (Wasser and Weis, 1999; Stamets, 2000). The ability of fungal h-glucans to scavenge free radicals has been showed (Sun et al., 2004); however, we cannot affirm whether the aflatoxin inhibition, in our study, is exclusively due to a direct antioxidant action of LF or to some other mechanism like the increase of antioxidant enzymes activity in A. parasiticus. In fact it is reported that h-glucans of some fungal species can stimulate antioxidant defences both in animal cells (Yuan et al., 1996; Bobek et al., 1997) and in A. parasiticus (Reverberi et al., 2005). The total inhibition of A. parasiticus growth by EP fraction of CF 117 and the loss of this effect after the treatment with trypsin could be explained by the presence of glycoproteins with antifungal properties in this fraction. The production of an antibacterial glycoprotein from T. versicolor has been reported (Hobbs, 1996), but there is no information about its structure or purification. The polysaccharides of the assayed basidiomycetes, besides their healing effects, have a low cytotoxicity to animal cells (Vickers, 2002). The inhibiting effects, particularly evident on maize and wheat seeds, make the application of these extracts attractive to control aflatoxins in seeds. The marked inhibition demonstrated by LF both on maize and wheat seeds allows to consider its application without further purification steps. This is very interesting for possible use on a large scale because of its lower costs in comparison with purified fractions. T. versicolor isolates studied in this research could result as possible agents in biological control or useful components in the integrated strategies against mycotoxin producing fungi in food and feed. Moreover the addition of the assayed mushrooms could contribute to enhance the nutritional value of feed; in fact they contain nutritive and active compounds. Some of these substances like h-glucans, are able to beneficially affect different target functions in animals in a such way that the state of well-being, health and resistance to disease are improved (Fanelli et al., 2004). This enhances the value of the treated commodities beyond the conventional nutritional effects, so the feed obtained in consequence of the addition of the selected basidiomycetes could be considered a functional feed (Xu, 2001). References Bhatnagar, D., Ehrlich, K.C., Cleveland, T.E., 2003. Molecular genetic analysis and regulation of aflatoxin biosynthesis. Applied Microbiology and Biotechnology 61, 83 – 93.



S. Zjalic et al. / International Journal of Food Microbiology 107 (2006) 243 – 249 Bobek, P., Ozdin, L., Kuniak, L., 1997. Effect of oyster musroom h-glucans on lipid peroxidation and on the activities of antioxidative enzymes in rats fed the cholesterol diet. Journal of Nutritional Biochemistry 8, 469 – 471. Chihara, G., 1990. Lentinan and its related polysaccharides as host defense potentiator: their application to infectious diseases and cancer. In: Masihi, K.N., Lange, W. (Eds.), Immunotherapeutic Prospects of Infectious Diseases. Springer Verlag, Hilderberg, pp. 9 – 18. Chihara, G., 1992. Immunopharmacology of lentinan, a polysaccharide isolated from Lentinus edodes: its application as a host defence potentiator. International Journal of Oriental Medicine 17, 57 – 77. Dorner, J.W., Cole, R.J., 2002. Effect of application of non-toxigenic strains of Aspergillus flavus and A. parasiticus on subsequent aflatoxin contamination of peanuts in storage. Journal of Stored Products Research 38, 329 – 339. Dorner, J.W., Cole, R.J., Connik, W.J., Daigle, D.J., McGuire, M.R., Shasha, B.S., 2003. Evaluation of biological control formulations to reduce aflatoxin contamination in peanuts. Biological Control 26, 318 – 324. Ellis, W.O., Smith, J.P., Simson, B.K., 1991. Aflatoxin in food: occurrence, biosynthesis, effects on organisms, detection and methods of control. Critical Reviews in Food Science and Nutrition 30, 403 – 439. Fanelli, C., Fabbri, A.A., 1989. Relationship between lipids and aflatoxin biosynthesis. Mycopathologia 107, 115 – 120. Fanelli, C., Fabbri, A.A., Finotti, E., Fasella, P., Passi, S., 1984. Free radicals and aflatoxin biosynthesis. Experientia 40, 191 – 193. Fanelli, C., Fabbri, A.A., Pieretti, S., Finotti, E., Passi, S., 1985. Effect of different antioxidants and free radical scavengers on aflatoxin production. Mycological Research 1, 65 – 69. Fanelli, C., Fabbri, A.A., Boniforti, L., Passi, S., 1986. Inhibition of CCl4 stimulated aflatoxin production of Aspergillus parasiticus by mercaptoethylamine and mercaptoethyldimethylamine. Periodicorum Biologicorum 88, 277 – 285. Fanelli, C., Tasca, V., Ricelli, A., Reverberi, M., Zjalic, S., Finotti, E., Fabbri, A.A., 2000. Inhibiting effect of medicinal mushroom Lentinus edodes (Berk.) Sing (Agaricomycetdeae) on aflatoxin production by Aspergillus parasiticus Speare. International Journal of Medicinal Mushrooms 2, 229 – 236. Fanelli, C., Ricelli, A., Reverberi, M., Fabbri, A.A., 2004. Aflatoxins and ochratoxins in cereal grains: an open challenge. In: Pandalai, S.G.Recent Research Development in Crop Science, vol. 1. Research Signpost, Kerala, India, pp. 295 – 317. Fisher, M., Yang, L.X., 2002. Anticancer effect and mechanisms of polysaccharide K (PSK): implications of cancer immune therapy. Anticancer Research 22, 1737 – 1754. Hobbs, C.R., 1996. Trametes versicolor (L.:Fr.) Pil.. In: Miovic, M. (Ed.), Medicinal Mushroom, an Exploration of Tradition, Healing and Culture. Interweave Press Inc., Loveland, pp. 161 – 167. Jayashree, T., Subramanyam, C., 2000. Oxidative stress as a prerequisite for aflatoxin production by Aspergillus parasiticus. Free Radical Biology & Medicine 29, 981 – 985. Kim, O.S., Cho, I.S., Gu, H.K., Lee, D.H., Limm, H., Yoo, S.E., 1999. KR31378 protects neurons from ischemia-reperfusion brain injury by attenuating lipid peroxidation and glutathione loss. European Journal of Pharmacology 487, 81 – 91. Kim, H.J., Campbell, B., Yu, J., Mahoney, N., Chan, K.L., Molyneux, R.J., Bhatnagar, D., Cleveland, T.E., 2004. Examination of fungal stress response genes using Saccharomyces cerevisiae as a model system: targeting genes affecting aflatoxin biosynthesis by Aspergillus flavus Link. Applied



249



Genetics and Molecular Biotechnology [published online: 22 December 2004]. Kobayashi, H., Matsunga, K., Fuji, M., 1993. PSK as a chemopreventive agent. Cancer Epidemiology Biomarkers 2, 271 – 276. Koehler, L.H., 1952. Differentiation of carbohydrates by anthrone reaction rate and color intensity. Analytical Chemistry 24, 576 – 579. Krcmar, P., Novotny, C., Marais, M.F., Joseleau, J.P., 1999. Structure of extracellular polysaccharide produced by lignin degrading fungus Phlebia radiata in liquid culture. International Journal of Biological Macromolecules 64, 61 – 64. Maeda, Y.Y., Chihara, G., Ishimura, K., 1974. Unique increase of serum proteins and action of antitumor polysaccharides. Nature 252, 634 – 635. Reverberi, M., Fabbri, A.A., Zjalic, S., Ricelli, A., Punelli, F., Fanelli, C., 2005. Antioxidant enzymes stimulation in Aspergillus parasiticus by Lentinula edodes inhibits aflatoxin production. Applied Microbiology and Biotechnology (published online: May 2005). Ricordy, R., Cacci, E., Augusti-Tocco, G., 2004. Aflatoxin B1 and cell cycle perturbation. Food and Nutrition Toxicity, vol. 4. CRC-Press, pp. 213 – 233. Sanchez, E., Heredia, N., Garcia, S., 2005. Inhibition of growth and mycotoxin production of Aspergillus flavus and Aspergillus parasiticus by extracts of agave species. International Journal of Food Microbiology 98, 271 – 279. Sia, G., Candlish, J.K., 1999. Effect of shiitake (Lentinus edodes) extracts on human neutrophils and the U937 monocytic cell line. Phytotherapy Research 13, 133 – 137. Slamenova, D., Labaj, J., Krizkova, L., Kogan, G., Sandula, J., Bresgen, N., Eckl, P., 2003. Protective effect of fungal (1 – 3)-h-d-glucan derivates against oxidative DNA lesions in V79 hamster lung cells. Cancer Letters 198, 153 – 160. Stamets, P., 2000. In: Stamets, P. (Ed.), Growing Gourmet and Medicinal Mushrooms. Ten Speed Press, Toronto p. 574. Sun, C., Wang, J.W., Fang, L., Gao, X.D., Tan, R.X., 2004. Free radical scavenging and antioxidant activities of EPS2, an exopolisaccharide produced by a marine fungus Keissleriella sp. Life Sciences 75, 1063 – 1073. Tsitsigiannis, D., Wilson, R.A., Keller, N., 2001. Lipid mediated signaling in the Aspergillus/seed interaction. Proceeding of the 10th International Congress on Molecular Plant Microbe Interaction, Biology and Plant Microbe Interaction, vol. 3, pp. 186 – 191. Vickers, A., 2002. Botanical medicines for the treatment of cancer: rationale, overview of current data, and methodological consideration for phase I and II trials. Cancer Investigation 20, 1069 – 1079. Vis, R.B., Lorenz, K., 1997. h-glucans: importance in brewing and methods of analysis. Lebensmittel Wissenschaft und Technologie 30, 331 – 336. Wasser, S.P., Didukh, M.Y., 2005. Culinary-medicinal higher basidiomycetes mushrooms as a prominent source of dietary supplements and drugs for 21st century. In: Zang, J., Tan, Q., Chen, M., Cao, M., Buswell, J.A. (Eds.), Acta Edulis Funghi 12: Mushroom Biology and Mushroom Products. Shanghai Xinhua Print Inc., Shanghai, pp. 21 – 34. Wasser, S.P., Weis, A., 1999. Medicinal properties of substances occurring in higher basidiomycetes mushroom: current perspectives (review). International Journal of Medicinal Mushrooms 1, 31 – 62. Xu, Y., 2001. Perspectives on the 21st century development of functional foods: bridging Chinese medicated diet and functional foods. International Journal of Food Science and Technology 36, 229 – 242. Yuan, C., Zhou, M., Shangxi, L., Yi, L., 1996. PSK protects macrophages from lipoperoxide accumulation and foam cell formation caused by oxidatively modified low-density lipoprotein. Atherosclerosis 124, 171 – 181.





 Lihat lebih banyak...



Comentários



























Relatórios "Trametes versicolor: A possible tool for aflatoxin control "






Por favor, preencha este formulário, tentaremos o mais rápido possível.


Teu nome




Correio eletrônico




Razão
-Escolha um motivo-
Pornografia
Difamação
Ilegal / Haram
Spam
Outros termos de serviço
Arquivar uma reclamação de direitos autorais





Descrição do Produto








Fechar
Enviar














Download "Trametes versicolor: A possible tool for aflatoxin control "





Somos uma comunidade de intercâmbio. Por favor, ajude-nos com a subida  1  um novo documento ou um que queremos baixar:



ARQUIVO DO DOCUMENTO DE ATUALIZAÇÃO


OU DOWNLOAD IMEDIATAMENTE













Fechar













Compartilhar e Incorporar "Trametes versicolor: A possible tool for aflatoxin control "





Copie e cole esse script de incorporação para o local onde deseja incorporar



Incluir Script




Tamanho(px)
750x600
750x500
600x500
600x400





URL










Fechar











 
 
 



Sobre nós | 
Termos | 
Privacidade | 
Direito autoral | 
Contato










Copyright © 2017 DADOSPDF Inc.






