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Abstract 

Grapes and grape products have the potential to be contaminated with several mycotoxins 

due to the presence of black aspergilli, of which fumonisins are the most recently identified 

mycotoxins produced by some isolates of A. niger and A. welwitschiae. Although black 

aspergilli have been reported from Australian vineyards, no research has been conducted to 

investigate the potential of these organisms to produce fumonisins in Australian wine grapes. 

This research presents information on the occurrence of fumonisin producing Aspergillus 

isolates in Australian wine grapes and the implications of fumonisins for grape and wine 

industries.  

A total of 38 Aspergillus isolates were collected from Australian wine grapes. Liquid 

chromatography-tandem mass spectrometry (LC-MS/MS) analysis of culture extracts 

revealed that six isolates were positive for fumonisins. These isolates produced from 0.9 to 

30.6 mg/kg and 0.4 to 19.4 mg/kg of FB2 in Czapek yeast extract agar with 5 % NaCl and 

synthetic grape juice medium (SGJM), respectively. Molecular detection based on 

calmodulin sequencing data revealed that all fumonisin producing isolates were A. niger and 

A. welwitschiae.

The effects of temperature and water activity for growth and production of fumonisins were 

studied using  two A. niger and an isolate of A. welwitschiae on SGJM at 20 °C, 25 °C, 30 

°C and 35 °C,  and 0.92 aw, 0.95 aw and 0.98 aw levels.  All isolates grew and produced 

fumonisins in the water activity levels of 0.95 aw and 0.98 aw at 20 °C, 25 °C and 30 °C. The 

highest growth rate was observed at 0.98 aw / 35 °C, whereas the highest toxin production 

was observed at 0.98 aw / 20 - 25 °C for all the isolates assessed. None of the isolates produced 

fumonisins at 35 °C within the water activity levels assessed.  
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Passage of fumonisin throughout white wine vinification was investigated using Chardonnay 

grapes inoculated with a fumonisin producing Aspergillus isolate identified as a part of this 

study. Vinification resulted in removal of 90% of fumonisins mainly through binding to 

solids (marc and lees), and only a 3% was found to pass into wine. Cold stabilisation of white 

wine had only a minor effect on the amount of fumonisins in wine.  

The stability of fumonisins in white wine was investigated using Chardonnay wine spiked 

with FB2. Results showed that FB2 was less prone to degradation during wine storage and 

handling conditions, and maximum reductions of 14% and 42% were observed after storage 

for nine months at 17 °C and 25 °C, respectively.   

Fining agents currently commercially used in clarification of white wine in Australia were 

investigated for their ability to remove fumonisins in Chardonnay wine spiked with FB2. Of 

the five fining agents (activated charcoal, PVPP, calcium bentonite, yeast hulls, NO (OX)) 

tested, activated charcoal and calcium bentonite were the most effective agents in removal of 

fumonisins from white wine. Usage of these two agents at concentrations below the 

maximum recommended by Australian Wine Research Institute were effective in removing 

more than 90% of FB2 within 24 hours of contact time.  

 Data from this study may enhance the current understanding related to the occurrence of 

fumonisins in grapes and grape products and will be useful to develop strategies to minimise 

the exposure to fumonisins through consumption of grape and grape products. 
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Chapter 1 

Literature review 

1.1 Introduction 

Aspergillus spp. are opportunistic fungi that colonise grapes mainly between early veraison 

to harvest (Battilani et al., 2006a; Hocking et al., 2007; Kazi et al., 2008). Several species of 

Aspergillus belonging to section Nigri commonly known as “black aspergilli” occur regularly 

in vineyards. The main concern with Aspergillus infection is that some species produce 

mycotoxins (toxic metabolites produced by fungi) that are harmful to human health (Hocking 

et al., 2007; Rousseaux et al., 2014; Paterson et al., 2018; Somma et al., 2012; Steel et al., 

2013). Until recently, ochratoxin A (OTA) has been the only harmful mycotoxin known to 

be produced by Aspergillus spp. (Abarca et al., 2001; Battilani et al., 2006a; Battilani et al., 

2006c; Battilani et al., 2002; Battilani et al., 2004; Battilani et al., 2010; Leong, 2005; 

Somma et al., 2012). Worldwide research conducted in relation to the occurrence of OTA in 

grapes and grape derived products has resulted in the accurate identification of the 

Aspergillus species responsible for OTA production, factors influencing their production and 

the procedures to minimise their passage from grapes to wine. Consequently, management 

strategies have been identified to minimise the OTA contamination in grapes and grape 

products worldwide (Hocking et al., 2007; Gil-Serna et al., 2018; Paterson et al., 2018) 

Fumonisins are the most recently identified mycotoxins from grapes and grape products 

(Logrieco et al., 2009; Logrieco et al., 2010; Logrieco et al., 2011; Mogensen et al., 2010a; 

Mogensen et al., 2010b; Varga et al., 2010) and therefore, information on their occurrence 

in vineyards is limited. Based on the literature to date, A. niger and A. welwitschiae are the 
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only species within the Aspergillus section Nigri responsible for the production of fumonisins 

(Hocking et al., 2007; Paterson et al., 2018; Somma et al., 2012). However, A. welwitschiae 

is a relatively newly identified species (Perrone et al., 2011; Samson et al., 2014) and 

therefore, incidence of A. welwitschiae has not been reported from many vineyard locations, 

including those in Australia.  

Presence of toxicological Aspergillus spp. in vineyards does not necessarily provide 

information on levels of toxin production under field conditions, as toxin production is 

known to be mitigated by biotic and abiotic factors (Abrunhosa et al., 2002; Bellí et al., 2004; 

Leong et al., 2006d; Mitchell et al., 2004; Mogensen et al., 2009). Research data related to 

OTA production by Aspergillus spp. has revealed that there is a clear connection between 

toxin production and environmental factors (Bellí et al., 2005; Bellí et al., 2004; Leong, 2005; 

Leong et al., 2006d; Mitchell et al., 2004). This relationship is yet to be understood for 

fumonisins as the environmental data related to fumonisin production by Aspergillus spp. is 

limited.  

Fumonisin B2 has been reported in wine from different countries although the amounts 

detected were lower than the current regulatory limits for fumonisins (FB1, FB2, FB3) in 

corn and corn-based products (Lewis, 2016; Logrieco et al., 2009; Mogensen et al., 2010b). 

The occurrence of mycotoxins even in small quantities in food products is a matter of concern 

both socially and economically. Therefore, elimination or minimisation of the amount of 

toxins in food destined for human consumption is important. Vinification (wine making 

process) removes a large portion of OTA found in grapes, and the amount of removal is 

dependent on many factors such as initial toxin concentration in grapes or must samples, 

wine style, yeast strain, the type and concentration of fining agents used (Anli et al., 2011; 

Esti et al., 2012; Fernandes et al., 2007; Gil-Serna et al., 2018 
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; Leong et al., 2006a; Leong, 2005; Leong et al., 2006c; Petruzzi et al., 2014; Ponsone et al., 

2009; Quintela et al., 2012; Quintela et al., 2013; Ratola et al., 2005). The majority of these 

studies have been concerned with OTA and the amount of documentation pertaining to the 

fumonisins is rather limited. For instance the effect of temperature during wine storage and 

handling on the levels of fumonisins present in the finished wine has not been studied to date.  

This review provides a synopsis of current findings related to fumonisin production by 

Aspergillus spp. associated with grapes and grape products, ecological factors affecting 

fumonisin production and the implications of fumonisins for wine.  

 

1.2 Aspergillus spp. associated with vineyards 

Aspergillus spp. are some of the most commonly occurring mycotoxigenic fungi in vineyards 

worldwide (Battilani et al., 2006a; Battilani et al., 2006c; Hocking et al., 2007; Somma et 

al., 2012). Berry damage due to biotic (i.e., microbes, insects, birds) and abiotic factors (i.e., 

water stress) is one of the major reasons for increased incidence of Aspergillus spp. in 

vineyards (Hocking et al., 2007; Leong et al., 2006b; Somma et al., 2012). Climatic 

conditions (i.e., temperature, rainfall) are however the key drivers that predispose grapes to 

Aspergillus infections (Battilani et al., 2004; Somma et al., 2012). In Europe, the incidence 

of Aspergillus spp. has been reported to be higher in vineyards with Mediterranean climates 

(Battilani et al., 2006a; Battilani et al., 2006c; Serra et al., 2003; Somma et al., 2012). This 

could partly be related to the ability of Aspergillus spp. to produce spores that can withstand 

warm environmental conditions (Valero et al., 2007). In Australia, although no clear 

relationship between weather conditions and the incidence of Aspergillus was observed, a 
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low incidence was reported from cool climatic conditions in Tasmania (Hocking et al., 2007; 

Leong, 2005). 

Aspergillus infection appears on grapes as a black rot due to the abundant sporulation after 

invasion by the fungus, however as the disease progresses, berries become shrivelled and dry 

leaving only the skin of the berries (Figure 1.1) (Somma et al., 2012). Nevertheless, berry 

infection by Aspergillus spp. is commonly associated with other fungal infections and 

therefore, these symptoms may not be obvious under field conditions. Aspergillus infection 

generally increases from berry setting to harvesting (Hocking et al., 2007; Leong et al., 

2007a; Somma et al., 2012); however, it is more prominent after veraison when the berry 

sugar is higher, with a peak in occurrence at harvest (Battilani et al., 2006a; Battilani et al., 

2006c; Leong et al., 2007a; Leong et al., 2006b; Serra et al., 2005a).  

Surveys conducted both overseas and in Australia have found that biseriate species 

(conidiophores terminate in a vesicle covered with a layer of cells (metulae) which bear small 

whorls of phialides) A. carbonarius and A. niger “aggregate” and the uniseriate 

(conidiophores terminate in a vesicle covered with a single layer of phialides) species A. 

aculeatus and A. japonicus have been reported to be the most commonly found species 

associated with vineyards (Battilani et al., 2006b; Leong, 2005). A. niger has been reported 

to be the most dominant species in both temperate and tropical vineyard locations (Leong, 

2005; Leong et al., 2006b; Serra et al., 2006; Somma et al., 2012). Results of these surveys 

were inconsistent in regard to distribution of these species. This may be related to the 

misidentification of some species, especially; A. niger aggregate which is composed of 

morphologically indistinguishable species (Perrone et al., 2011; Samson et al., 2014; Varga 

et al., 2011). Considering the complexity of identification of Aspergillus spp., polyphasic 
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approaches, which utilise morphological, molecular and biochemical data has been suggested 

as appropriate for accurate identification of Aspergillus spp. (Samson et al., 2014)  

 

Figure 1.1 Nebbiolo grape bunch infected with black aspergilli under field conditions; 

arrow shows the spores of black aspergilli (photo credit - Campbell Meeks) 

 

1.2.1 Characterisation of Aspergillus spp. 

1.2.1.1 Morphological methods 

Until recently morphological characterisation was one of the most widely adopted methods 

for classifying and identifying Aspergillus spp. (Geiser et al., 2007; Samson et al., 2014; 

Susca et al., 2007a). Microscopic and macroscopic characteristics such as colony 

morphology, texture, degree of sporulation, production of sclerotia or cleistothecia, colours 

of mycelia, sporulation, colony reverses, sclerotia and Hülle-cells are commonly used to 

differentiate species (Geiser et al., 2007; Oliveri et al., 2008; Samson et al., 2006; Silva et 
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al., 2011). Figure 1.2 shows the different morphologies of Aspergillus section Nigri isolates 

cultured in Czapek Yeast Extract Agar (CYA) medium.  

 

Figure 1.2 Different morphologies of Aspergillus section Nigri isolates cultured in Czapek 

Yeast Extract Agar (CYA) medium after 7 days of incubation at 25 °C ; isolates collected in 

this study (A - A. niger, B - A. welwitschiae); reference isolates (C - A. tubingensis, D - A. 

carbonarius)  

 

Microscopic characteristics such as the shape of conidial heads, the presence or absence of 

metulae between vesicle and phialides, colour; dimension; shape and texture of stipes, size 

of vesicles and size and the shape of conidia are some of the characteristics that can be used 

to differentiate Aspergillus spp. (Samson et al., 2014). For example, A. carbonarius, A. 

ibericus, A. homomorphus, A. sclerotiicarbonarius and A. sclerotioniger produce relatively 
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larger conidia (7-9 µm) and therefore, these species can be distinguished from other species 

(A. niger and A. tubingensis), which produce relatively smaller conidia (2.5 - 5 µm) (Samson 

et al., 2006; Samson et al., 2014; Silva et al., 2011).  

Similarly, A. aculeatus can be distinguished from A. japonicas based on the shape of the 

conidia; A. aculeatus produce predominantly ellipsoidal conidia while A. japonicus, produce 

globular and sub-globular conidia (Silva et al., 2011). Some Aspergillus spp. such as A. 

carbonarius, A. ellipticus, A. aculeatus, A. costaricaensis, A. piperis, A. sclerotioniger, A. 

aculeatinus and A. sclerotiicarbonarius were shown to produce sclerotia, and therefore, these 

species can be distinguished from other species that do not produce sclerotia (Frisvad et al., 

2008). However, sclerotia production is not consistent within the isolates of the same species 

and therefore, accurate identification may require examination of other characteristics.  

In several studies, culturing on selective medium enabled the identification of Aspergillus 

spp. (Samson et al., 2007; Silva et al., 2011). Samson et al. (2007) identified A. carbonarius 

from A. niger using semi-selective medium, malt extract agar (MEA) supplemented with the 

fungicide boscalid (MEA-B). In this medium, A. carbonarius grew and sporulated but A. 

niger did not show any growth. Additionally growing Aspergillus spp. on creatine sucrose 

agar (CREA) enabled some species to be distinguished based on their ability to produce 

secalonic acid, sclerotia and spores in that media (Silva et al., 2011).  

Morphological characterisation has limitations in that it is time consuming and requires 

expertise. In addition, morphological characterisation is less reliable in identifying closely 

related species (i.e., species from A. niger aggregate) within the section Nigri (Samson et al., 

2006; Samson et al., 2007). Therefore, accurate characterisation of Aspergillus spp. requires 

multiple approaches which use molecular and bio-chemical data.  
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1.2.1.2. Molecular methods 

Identification of Aspergillus spp. within section Nigri has been approached using a wide 

range of molecular methods (Martínez-Culebras et al., 2009). Some of these methods 

include, restriction fragment length polymorphisms (RFLPs) (Perrone et al., 2011; Samson 

et al., 2014), random amplified polymorphic DNA (RAPD) (Dachoupakan et al., 2009), 

amplified fragment length polymorphism (AFLP), polymerase chain reaction (PCR) and 

Real Time PCR (González-Salgado et al., 2005; Oliveri et al., 2008; Samson et al., 2007; 

Schmidt et al., 2004) . Among these, the most commonly used molecular tool has been PCR 

with species-specific primers, based on AFLP markers, calmodulin gene sequences (Susca 

et al., 2007a, Susca et al., 2007b ), internal transcribed spacer (ITS) regions (González-

Salgado et al., 2005; Samson et al., 2007; Samson et al., 2014) or polyketide synthase (PKS) 

sequences (Dao et al., 2005; Spadaro et al., 2011).  

Species-specific PCR primers have been employed to detect several Aspergillus spp. within 

the section Nigri (Palumbo et al., 2015; Perrone et al., 2004). Schmidt et al. (2004) identified 

A. carbonarius using species-specific primers based on AFLP fragments, whereas Susca et 

al. (2007a) identified A. tubingensis and A. niger using PCR species-specific primers based 

on part of the calmodulin gene. Currently, PCR species-specific primers are available to 

detect most of the commonly occurring Aspergillus spp. within the section Nigri, including 

toxigenic species A. carbonarius, A. niger and A. welwitschiae (Palumbo et al., 2015; Perrone 

et al., 2004; Susca et al., 2007). The main limitation with species-specific primers in 

detecting Aspergillus spp. is that the assays need to be conducted individually for each 

species under certain PCR conditions, and therefore, the method is not suitable to detecting 

multiple species simultaneously (Susca et al., 2007a). However, DNA sequence data has 
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increasingly been used in phylogenetic analysis of Aspergillus spp. within the section Nigri 

(Martínez-Culebras et al., 2009; Oliveri et al., 2008). The ITS sequences including the 5.8S 

RNA gene and the two flanking regions, ITS1 and ITS2 are beneficial for differentiating 

many fungal species including Aspergillus spp. (González-Salgado et al., 2005; Martínez-

Culebras et al., 2009; Oliveri et al., 2008; Samson et al., 2007). However, the variation in 

this region is not sufficient to discriminate some Aspergillus spp. within the genus (Geiser et 

al., 2007; Schoch et al., 2012) and, therefore, it has been recommended that the use of 

secondary markers such as β-tubulin or calmodulin genes together with primary markers, 

would allow accurate identification of the species (Samson et al., 2014). Martínez-Culebras 

et al. (2009) used sequences of the ITS and IGS (intergenic spacer region) regions to 

discriminate a total of 120 black Aspergillus strains from four different species isolated from 

grapes in Spain. The sequence analysis showed a clear discrepancy between strains of A. 

niger and A. tubingensis, which cannot be differentiated using morphological characteristics. 

Additionally, the phylogenetic analysis separated A. carbonarius, principal producer of OTA 

from A. niger, the main producer of fumonisins in grapes. Furthermore, 11 species of 

Aspergillus within the section Nigri were identified using a PCR-single-stranded 

conformational polymorphism (SSCP) screening method based on sequence variation in part 

of the calmodulin gene. This method was reported to be rapid, cost effective and accurate for 

the identification of multiple species within the section Nigri (Susca et al., 2007b). 

Molecular methods have also been useful in detecting toxigenic Aspergillus spp. from non-

toxigenic species (Palumbo et al., 2013; Susca et al., 2010) and identifying unknown 

Aspergillus spp. with the ability to produce toxins (Perrone et al., 2011). For example, 

Perrone et al. (2011) differentiated A. welwitschiae as a separate species from A. niger 

isolates collected from European vineyards using AFLP analysis of the full genome. This 
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indicates that A. welwitschiae could have previously been misidentified as A. niger from other 

vineyard locations in the world. Therefore, accurate identification of Aspergillus spp. is a 

fundamental requirement in forecasting potential mycotoxin contamination in grapes and 

grape products.  

 

1.3 Mycotoxins production by Aspergillus spp. associated with vineyards 

Mycotoxins are secondary metabolites produced by fungi that are associated with a range of 

negative health outcomes in animals and humans (Placinta et al., 1999). The toxicity of 

mycotoxins is generally associated with low doses over long periods of time (Serra et al., 

2005). According to the United Nations Food and Agriculture Organization, 40% of the 

reduction in life expectancy in developing countries is related to the consumption of food 

contaminated with mycotoxins (Alshannaq et al., 2017).  

Aspergillus species associated with grapes and derivatives are known to produce several 

mycotoxins (Heenan et al., 1998; Pitt et al., 2000). Of these, OTA is the most well-known, 

and well-studied toxin (Figure 1.3) (Abarca et al., 2001; Somma et al., 2012; Visconti et al., 

2008). Based on the toxicological data obtained using animals, OTA has been identified as a 

group 2B carcinogen by IARC (Castegnaro et al., 1995; Kuiper-Goodman, 1996; Ostry et 

al., 2017). According to European Union regulations, the current limits for OTA in wine and 

dried vine fruit are 2 µg/kg and 10 µg/kg respectively (European commission, 2005). Among 

the Aspergillus species reported from vineyards, A. carbonarius has been identified as the 

primary producers of OTA. It has also been reported that almost all A. carbonarius isolates 

found in vineyards have the ability to produce OTA (Serra et al. 2005; Leong et al. 2006a; 

Somma et al. 2012), however; some A. niger isolates are also known to produce OTA to a 

lesser extent (Serra et al. 2005; Leong et al. 2006a; Serra et al. 2006b; Hocking et al. 2007b).  
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Figure 1.3 Chemical structure for Ochratoxin A (Sourced from Tafuri et al., 2004)  

 

The risk of OTA production by Aspergillus spp. has been found to be higher in vineyard 

locations with Mediterranean climates (Serra et al. 2005; Somma et al. 2012; Perrone et al. 

2013). A. carbonarius was also reported from some vineyard locations in Australia. 

However, the incidence of A. carbonarius in Australian vineyards is reported to be less than 

that of A. niger (Leong et al., 2006b). 

Fumonisins are also carcinogenic mycotoxins recently reported from some Aspergillus 

species associated with grapes and grape related products (Logrieco et al., 2009; Mogensen 

et al., 2010a; Mogensen et al., 2010b; Nielsen et al., 2009; Varga et al., 2010). Research has 

revealed that the ability of Aspergillus species to produce fumonisins was limited to some 

isolates of A. niger (Ferranti et al., 2018; Logrieco et al., 2009; Mogensen et al., 2010a; 

Mogensen et al., 2010b; Nielsen et al., 2009; Varga et al., 2010) and A. welwitschiae (Ferranti 

et al., 2018; Logrieco et al., 2009; Varga et al., 2010). However, these investigations were 

restricted to Aspergillus species isolated from several vineyard locations mainly in Europe.  
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Table 1.1 Different species of Aspergillus, producer of OTA and/or fumonisins 

Aspergillus spp. Mycotoxin 
Vineyard location/ source of 

isolate 
References 

A. niger 

aggregate 

FB2 wine grapes, Portugal (Abrunhosa et al., 

2011) 

A. carbonarius OTA Wine grapes, Italy (Battilani et al., 

2004) 

A. niger 

A. carbonarius 

OTA Wine grapes, Spain (Bellí et al., 2006) 

A. carbonarius 

A. niger 

OTA Wine grapes, France (Bejaoui et al., 

2006) 

A. carbonarius 

A. niger 

OTA  

Wine grapes, Portugal 

(Ferranti et al., 

2018) 

A. niger 

A. welwitschiae 

FB2 

A. carbonarius 

A. niger 

OTA Wine grapes, Brazil (Freire et al., 2018) 

Not reported FB2, FB4 Raisins (Knudsen et al., 

2011) 

A. niger FB2 Wine grapes, Italy (Logrieco et al., 

2010) 

A. niger 

A. awamori 

OTA Wine grapes, Argentina (Magnoli et al., 

2003) 

A. carbonarius 

A. tubingensis 

OTA Wine grapes, Spain (Medina et al., 2005) 

A. niger FB2 Raisins (Mogensen et al., 

2010) 

A. carbonarius OTA Wine grapes, Tunisian (Oueslati et al., 

2010) 

A. niger FB2 Raisins, California (Palumbo et al., 

2011) 

A. carbonarius OTA Raisin grapes, California, 

USA 

Palumbo et al., 

2016) 

A. carbonarius OTA Wine grapes, France (Sage et al., 2002) 

A. niger aggregate 

A. carbonarius 

OTA Wine grapes, Portugal (Serra et al., 2006) 

(Serra et al., 2003) 

 

A. carbonarius 

A. tubingensis 

OTA Wine grapes, Italy (Spadaro et al., 

2012) 

A. carbonarius 

A. niger aggregate 

OTA Wine grapes, Greece (Tjamos et al., 2006) 

A. carbonarius 

A. niger aggregate 

OTA Wine grapes, Spain (Valero et al., 2005) 

A. niger 

A. awamori 

FB2, FB4 Dried vine fruits (Varga et al., 2010) 
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Although Aspergillus spp. are commonly found in Australian vineyards, no research has 

been conducted to assess Australian Aspergillus spp. for fumonisin production. 

 

1.3.1 Fumonisin production ability of Aspergillus spp. and factors influencing 

fumonisin production 

Fumonisins are polyketide derived secondary metabolites, originally identified from 

Fusarium verticillioides (syn. Gibberella moniliformis) and later from other species of 

Fusarium (Gutleb et al., 2002). There are four different series of fumonisins (A, B, C  and P 

series) and among these, fumonisin B (FB) series including FB1, FB2, FB3 and FB4 are 

considered to be the most toxic (Gutleb et al., 2002; Scott, 2012). FB’s contained a linear 20-

carbon backbone which originates with hydroxyl, methyl, and tricarballylic acid moieties. 

Figure 1.4 shows the chemical structures of FB1, FB2, FB3, and FB4. 

 

Figure 1.4 Illustration of chemical structures of FB1, FB2, FB3, and FB4 (Sourced from 

Gazzotti et al., 2011) 
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Molecular and biochemical analysis of fumonisin biosynthetic cluster of F. verticillioides has 

found that the cluster contained 17 genes that are responsible for the biosynthesis of 

fumonisins (Alexander et al., 2009; Bojja et al., 2004; Khaldi et al., 2011; Sweeney et al., 

1998; Uhlig et al., 2012). Biosynthetic pathway of FB’s has been studied using gene 

disrupted mutants of F. verticilliodes and these findings have indicated that Fum1, Fum6, 

Fum8 are responsible for the early steps of fumonisin biosynthesis (Bojja et al., 2004). 

According to the proposed fumonisin biosynthesis pathway by Bojja et al., 2004 and Uhlig 

et al., 2012, Fum1 is assumed to encode polyketide synthase enzyme which is responsible 

for the catalisation of polyketide intermediate, 10, 14-dimethyloctadecanoic acid, and Fum8 

encodes an oxoamine synthase which is responsible for condensation alanine to form an 

intermediate compound, 2-amino-12,16-dimethylicosane-3-one. Fum6 is predicted to encode 

an enzyme that catalyses fumonisin C-14 and C-15 hydroxylation which leads to form 2-

amino-12, 16-dimethylicosane-3, 10-diol. It has been reported that other genes in the cluster 

are involved in the catalysation or addition of functional groups along the backbone 

(Alexander et al., 2009; Bojja et al., 2004; Susca et al., 2010; Uhlig et al., 2012). Figure 1.5 

shows the intermediate compounds that are formed during early stages of fumonisin 

biosynthesis. 
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Figure 1.5 Intermediate compounds formed during early stages of fumonisin biosynthesis; 

(A) 2-amino-10-hydroxy-12,16-dimethylicosane-3-one; (B) 2-amino-12,16-

dimethylicosane-3,10-diol (Sourced from Uhlig et al., 2012) 

 

 

Recent analysis of the genome sequence of A. niger has revealed the presence of a putative 

fumonisin biosynthetic gene cluster (Pel et al., 2007). The cluster includes orthologues of 10 

of the genes (Fum1, Fum6, Fum7, Fum8, Fum9, Fum10, Fum13, Fum14, Fum15, Fum19) in 

the Fusarium FUM cluster (Khaldi et al., 2011). The absence two of the genes, Fum2 and 

Fum12 within the cluster of A. niger correlates to their inability to produce FB1 and FB3 

which have the C-10 hydroxyl (Susca et al., 2010). Subsequent investigations have revealed 

that some strains of A. niger and A. welwitschiae  have the ability to produce mainly two 

analogues of fumonisins; FB2 and FB4, in a wide range of food products including grapes 

and grape products (Ferranti et al., 2017; Logrieco et al., 2009; Mogensen et al., 2010a; 

Noonim et al., 2009; Varga et al., 2010). 

Production of fumonisins by Aspergillus spp. has been investigated in several studies mainly 

under laboratory conditions using artificial media (Abrunhosa et al., 2011; Logrieco et al., 

2009; Mogensen et al., 2010a; Mogensen et al., 2009). In most of these studies, the ability 

of Aspergillus spp. to produce fumonisins was assessed in media rich with salt and sugar 
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(Abrunhosa et al., 2011; Frisvad et al., 2011; Logrieco et al., 2009; Susca et al., 2010; Varga 

et al., 2010). In such media A. niger are known to produce a maximum of 293 mg/kg of 

fumonisins (Logrieco et al. (2009). The amount of fumonisins produced by A. niger in grapes 

under laboratory conditions ranged from 0.15 - 7.841 mg/kg (Logrieco et al., 2009; 

Mogensen et al., 2010a), suggesting that the production of fumonisins in artificial media may 

be higher than in grapes. However, further studies are required to assess the ability of 

Aspergillus strains to produce fumonisins in both laboratory media and grapes and grape 

products to identify their toxicological impacts.  

Toxin production by Aspergillus spp. is known to be affected by several factors. The effects 

of such factors for toxin production have mainly been studied for OTA (Esteban et al., 2004; 

Esteban et al., 2006b; Leong et al., 2006d; Medina et al., 2008). Among the factors 

influencing OTA production, temperature and water activity have widely been studied (Bellí 

et al., 2005; Esteban et al., 2006a; Esteban et al., 2004; Esteban et al., 2006b; Leong et al., 

2006d) and appear to be of primary concern. Fumonisin production under varied ecological 

conditions has been studied previosuly using a few strains European of A. niger (Mogensen 

et al., 2009). The authors found that most of the strains assessed reached maximum fumonisin 

production within 25 - 30 °C depending on the strain. None of the isolates were able to 

produce fumonisins at or below 15 ºC or above 35 °C (Mogensen et al., 2009). The water 

activity requirement for fumonisin production also varied among the A. niger strains tested 

and the maximum amount produced was observed from 0.98 - 0.99 aw (Mogensen et al., 

2009). Currently, no studies have been conducted in relation the influence of environmental 

factors on fumonisin production by A. welwitschiae. 
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1.3.1.1 Toxicity of fumonisins 

Fumonisins are structurally similar to sphingolipid bases, and their toxicity is believed to be 

due to the inhibition of the enzyme, ceramide synthase, involved in sphingolipid metabolism 

(Merrill et al., 2001). Consumption of food contaminated with fumonisins has been reported 

to cause various health implications in vertebrates (Gelderblom et al., 1993; Knutsen et al., 

2018; Smith et al., 2002; Smith et al., 1996; Smith et al., 1999; Voss et al., 1998; Voss et al., 

2007). The toxic effects of fumonisin are dependent on the species of animal and the target 

organ. In horse’s heart, central nervous system and liver are reported to be the target organs 

whereas in pigs, lungs were reported to be the most seriously affected organs (Voss et al., 

2007). In contrast, liver is reported to be the most affected organ in rats where they developed 

liver cancers following consumption of diet containing fumonisins (Gelderblom et al., 1993; 

Voss et al., 2007). Cardiotoxicity was the most recently identified toxicity that was reported 

from pigs and horses (Smith et al., 2002; Smith et al., 1999; Voss et al., 2007). It is speculated 

that fumonisins cause several health complications in certain human populations due to 

consumption of contaminated food commodities (Kamle et al., 2019; Rheeder et al., 2002; 

Torres et al., 2015; Yoshizawa et al., 1994). There are also epidemiological connections 

between consuming fumonisin-contaminated maize and oesophageal cancer and neural tube 

defects in some human populations (Kamle et al., 2019; Marasas et al., 2004; Missmer et al., 

2006; Rheeder et al., 2002). Studies conducted using rodents have revealed that the toxicity 

of FB2, the main fumonisin analogue produced by some isolates of Aspergillus, is greater 

than FB1 and FB3 (Gelderblom et al., 1993). This indicates that food commodities prone to 

contamination by Aspergillus spp. may pose a greater risk to human health.  
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1.4. Implications of processing for removal of mycotoxins 

1.4.1 Fate of fumonisins during vinification 

Most food products undergo further processing before they are ready for consumption. Some 

of the procedures or the conditions used in processing food products have variable effects in 

fumonisin reduction (Bothast et al., 1992; Bullerman et al., 2007; Bullerman et al., 2002; 

Jackson et al., 1996a; Jackson et al., 1996b; Katta et al., 1999; Leong et al., 2006a; Lewis, 

2016).  

OTA is considered the most widely occurring mycotoxin in wine (Gil-Serna et al., 2018; 

Paterson et al., 2018), and therefore the fate of OTA has been studied for both red and white 

wine grapes using different models (i.e., spiked must samples, infected grapes) (Fernandes 

et al., 2007; Karlovsky et al., 2016; Leong et al., 2006a; Leong, 2005; Ponsone et al., 2009; 

Quintela et al., 2012; Quintela et al., 2013). Based on these findings, solid separation 

(removal of marc and lees) has been identified as the major process contributing to the 

removal of toxins (Fernandes et al., 2007; Leong et al., 2006a; Leong, 2005; Ponsone et al., 

2009). In red vinification, grape skins are allowed to macerate with the juice for a few days 

to extract colour and aroma compounds from the grape skins into the juice. Thus vinification 

of red-skinned wine grapes potentially results in greater amounts of toxins in the final wine 

than vinification of white-skinned grapes. This is due to the long term contact of the grape 

skins with juice in red wine production, leading to more toxins being extracted into the grape 

juice, and consequently into the finished wine. In white wine vinification, the skin particles 

are removed just after pressing and therefore the amount of toxins passed into wine may be 

minimised (Gil-Serna et al., 2018). After initial solid separation, juice is fermented in the 

presence of yeast. Based on the data available for OTA, about 70-90% of toxins found in 
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must samples are removed during vinification through binding to marc (skin samples) and 

then to lees (yeast and other sediment collected after fermentation) and less than 10% is 

passed into the wine (Fernandes et al., 2007; Leong et al., 2006a; Leong, 2005; Ponsone et 

al., 2009). The amount of toxins removed through binding to solids during the whole process 

appears to be influenced by some other factors such as wine style and the yeast strain used in 

fermentation (Cecchini et al., 2006; Fernandes et al., 2007; Gil-Serna et al., 2018; Leong et 

al., 2006a; Leong, 2005; Meca et al., 2010;  Ponsone et al., 2009; Ponsone et al., 2007). 

Cecchini et al., 2006 investigated the effects of yeast strains on the efficiency of removal of 

OTA during fermentation of red and white must samples using eight strains of 

Saccharomyces and non- Saccharomyces yeasts, and the authors found that all yeast strains 

were capable of removing OTA in must samples, however, the percentage of OTA removal 

varied between 46.83% and 52.16% in white must and between 53.21% and 70.13% in red 

must depended on the yeast strains used for fermentation. Some yeast strains (S. cerevisiae, 

S. bayanus var. uvarum, S. bayanus Schizosaccharomyces pombe) had higher capacity to 

remove OTA from red must samples, whereas the other yeast strains did not show any 

difference in the OTA removal between red and white must samples. The differences 

observed in the percentage of OTA removal in red must and white must samples may be 

attributed to the differences in the amount of sugar, phenols and organic acids which may act 

as competitors for OTA binding into yeast cells or other solids particles (Amézqueta et al., 

2009; Meca et al., 2010; Shetty et al., 2006). Similarly, in another study, the effect of yeast 

strains on removal of OTA was studied for Moscato wine using 16 strains of Saccharomyces 

cerevisiae. The authors found that detoxification ability of yeast strains varied (32.6 – 50.4%) 

depending on the strain of the yeast with highest removal being noted for SCM16 and SCM5 

strains (Meca et al., 2010). While these studies may provide useful information on the effects 
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of wine style and the yeast strain on the removal of OTA in wine, more studies may be 

required to understand the applications of this knowledge under commercial wine making 

conditions. Also, more research may need to be undertaken to understand the effect of such 

factors (i.e., wine style, yeast strains) on the removal of other emerging mycotoxins such as 

fumonisins.  

Although FB2 has been identified from Vitis vinifera wine samples from many countries 

including Australia (Logrieco et al., 2010; Mogensen et al., 2010b), the fate of fumonisins 

during vinification has only been investigated for two cultivars of Muscadine grapes (V. 

rotundifolia) mainly grown in USA. The results showed that about 70 - 80% of FB2 was 

removed with the solids depending on the initial concentration of FB2 in must samples and 

the grape cultivar. Therefore, more research using other V. vinifera grape cultivars are 

essential in order to understand the fate of fumonisins in wine production.  

 

1.4.2 Stability of mycotoxins in wine  

Mycotoxins are found to occur in various food commodities including alcoholic beverages 

such as beer and wine (Lewis, 2016; Logrieco et al., 2009; Logrieco et al., 2010; Mogensen 

et al., 2010b; Oteiza et al., 2017). Several investigations have been carried out to identify the 

stability of mycotoxins in food products during long term storage and most are stable during 

storage (Bailly et al., 2005; Drusch et al., 2007; Leong, 2005; Lewis, 2016; Scott et al., 2001). 

However, stability is affected by many factors including storage temperature, pH and 

availability of oxygen (Bailly et al., 2005; Cigić et al., 2006; Drusch et al., 2007; Lewis, 

2016).  



21 

 

Low pH has a detrimental effect on the stability of fumonisins in aqueous media (Drusch et 

al., 2007; Jackson et al., 1996a; Jackson et al., 1996b). Lewis (2016) studied the stability of 

fumonisins in pasteurised and non-pasteurised muscadine grape juice spiked with two 

concentrations of FB2 during six months storage under three temperature conditions (˗20 °C, 

3 °C, 20 °C). None of the storage conditions completely removed FB2. The highest FB2 

reduction (36%) was observed after 6 months for pasteurised juice stored at 20 °C. The higher 

rate of reduction noted for non-pasteurised juice compared to pasteurised juice was assumed 

to be due to presence of microbes which provide more toxin binding sites in non-pasteurised 

juice samples. Similarly, this author investigated the fate of FB2 during wine aging at 4 °C 

using wine made from muscadine grapes. As with juice, FB2 concentrations reduced by 36% 

and 40% for Carlos and Noble wine respectively. However, no investigations were carried 

out to elucidate if this reduction was associated with any chemical degradation of fumonisins.  

Reduction of the concentration of the parent compound in food products does not necessarily 

guarantee that their mycotoxigenic effects were minimised or eliminated. Research has 

shown that fumonisins undergo hydrolysis under certain conditions (Bullerman et al., 2002; 

Jackson et al., 1996a; Jackson et al., 1996b; Kabak, 2009). For example, the alkaline cooking 

conditions used during the preparation of  tortillas and other food using maize contaminated 

with fumonisins, the tricarballylic acid groups of fumonisins are cleaved, yielding 

corresponding hydrolysed products (Voss et al. 2007; Voss et al. 2006a). Research conducted 

using mammalian cell lines has revealed that these hydrolysed fumonisins are also cytotoxic 

(Abou‐Karam et al., 2004; Hendrich et al., 1993). Therefore, accurate estimation of 

fumonisin risk in food commodities requires detection and quantification of both parent 

compounds and the hydrolysed products.  
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1.4.3 Removal of mycotoxins using finning agents  

Several methods are available for removal of mycotoxins in aqueous media-like wine. These 

methods can be broadly classified into physical, chemical and microbial decontamination 

methods (Karlovsky et al., 2016; Quintela et al., 2012; Quintela et al., 2013; Var et al., 2008). 

The selection of these methods may be influenced by factors such as consumer preference, 

type of food and the cost (Quintela et al., 2013). 

Fining agents are used in the wine industry for different purposes, such as stabilising protein 

and producing palatable wine by removing unwanted flavours or odours (Castellari et al., 

2001; Chagas et al., 2012; Morris et al., 1995). They can be added into wine either when 

fermentation begins or after fermentation (Gil-Serna et al., 2018; Morris et al., 1995; 

Quintela et al., 2013). Some of the most popular fining agents currently used in the wine 

industry include activated charcoal, bentonite, casein, isinglass, polyvinylpolypyrrolidone 

(PVPP) and yeast hulls. Activated charcoal appears to be the most promising agent in the 

removal of OTA (Gil-Serna et al., 2018; Karlovsky et al., 2016; Quintela et al., 2012; 

Quintela et al., 2013; Var et al., 2008). According to international organisation for vine and 

Wine (OIV), usage of activated charcoal in removal of unwanted compounds in wine is 

authorised only for white wine as activated charcoal tends to bind with phenolic compounds 

which are of paramount importance in red wine quality (Olivares-Marín et al., 2009). 

Likewise, usage of some agents such as egg albumin, milk or milk based products that have 

the potential to cause allergic reactions for some individuals and their use must be declared 

on the label (allergen labelling for food) to meet legal requirements (Quintela et al., 2013). 

Therefore, careful selection of fining agents is required for the removal of mycotoxins in 

wine.  
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The removal of fumonisins from red wine has been approached using three different types of 

polymer compounds (polyvinylpolypyrrolidone, PVPP; a resin of N-vinyl-2-pyrrolidinone 

with ethylene glycol dimethacrylate and triallyl isocyanurate, PVP-DEGMA-TAIC; and poly 

(acrylamide-co-ethylene glycol-dimethacrylate), PA-EGDMA), and all three were effective 

to different extents in removing both FB1 and FB2 from red wine. Nonetheless, PA-EGDMA 

was found to be the most promising agent resulting in the removal of 71% and 95% of FB1 

and FB2, respectively (Carrasco-Sánchez et al., 2017). The effects of other fining agents such 

as casein, egg albumin, isinglass, chitosan, chitin, activated charcoal and bentonite, which 

are commonly used in the wine industry to manipulate wine quality parameters, are yet to be 

tested for their ability to remove fumonisins from both red and white wine.  

 

1.5 Detection and quantification of fumonisins 

Several methods are available for detection and quantification of mycotoxins and most of 

these methods are laboratory based and require sophisticated equipment. Among the methods 

available for detection and quantification of mycotoxins, liquid chromatography, coupled 

with mass spectroscopy has been the most widely applied method (Köppen et al., 2010; 

Shephard, 1998; Turner et al., 2009).  

Liquid chromatography coupled with mass spectrometry (LC-MS) is an advanced analytical 

technique that has been employed increasingly for the detection of various mycotoxins 

including fumonisins (Frisvad et al., 2011; Logrieco et al., 2011; Månsson et al., 2010; 

Mogensen et al., 2010a; Noonim et al., 2009; Spanjer et al., 2008). Liquid chromatography 

allows separation of the analytes based on their physicochemical properties, whereas mass 

spectrometry detects analytical compounds based on their mass-to-charge ratio. Through the 
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combination of these two techniques, LC-MS is a powerful technique in applications of 

analytical chemistry (Logrieco et al., 2009; Shephard, 1998). In contrast to HPLC 

instruments employing UV detectors, LC-MS does not require prior derivatisation of 

fumonisins, which is one of the major advantages of using LC-MS instruments in analysing 

samples potentially containing fumonisins. The other advantages include the low detection 

limit, minimal sample preparation, ability to analyse multiple mycotoxins and to acquire 

structural information of the analytes (Berthiller et al., 2007). 

Fumonisins are polar molecules, soluble in water and other polar solvents; therefore, reverse 

phase chromatography is the most suitable method for the separation of fumonisins 

(Shephard, 1998). The chromatographic separation of different isomers of fumonisins from 

biological samples has been approached using reverse phase C18 (Frisvad et al., 2011; 

Logrieco et al., 2009; Mogensen et al., 2010a; Susca et al., 2010) and C6 columns (Frisvad 

et al., 2011) typically with  a water acetonitrile gradient mobile phase (Frisvad et al., 2011; 

Mogensen et al., 2010a). Elution time of an analyte is dependent upon many factors such as 

polarity, solubility and molecular weight. Of these, the polarity of the analyte is the most 

influential parameter for the retention time (RT) of the analyte on the reverse phase columns. 

FB1 has the shortest RT compared to FB2 and FB3, whereas FB2 has the longest RT on the 

reverse phase columns (Frisvad et al., 2007). Therefore, RT is an important indicator in 

identifying different analogues of fumonisins produced in grapes and grape products by 

Aspergillus spp.  

In LC-MS, the two most common ionisation methods are electrospray ionisation (ESI) and 

atmospheric pressure chemical ionisation (APCI) (Shephard, 1998). ESI has been the most 

widely adopted method in ionisation of fumonisins, which allows production of protonated 

ions [M+H] + with little fragmentation (Frisvad et al., 2011; Mogensen et al., 2010a). For an 
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example, ESI of biological samples containing fumonisins results in the formation of 

protonated molecular ion (M+H) + with mass to charge ratios 722.39 for FB1, 706.4 for FB2 

and FB3 (Logrieco et al., 2010) and 690 for FB4 (Mogensen et al., 2010a). Also different 

masses shows that different analogues of fumonisins can be identified using both m/z values 

and RT’s. 

Characterisation of a chemical compound using LC-MS can be achieved using molecular 

weight, fragmentation pattern, and comparison of the RT of the sample peak with standards 

(Logrieco et al., 2009; Spanjer et al., 2008). Characterisation of mycotoxins from biological 

samples has been approached using different types of LC-MS instruments (Berthiller et al., 

2007), however, a triple quadrupole tandem mass spectrometer (LC-MS/MS) is the most 

widely used for quantitative analysis of a wide range of mycotoxins including fumonisins 

(Njumbe et al., 2011; Spanjer et al., 2008; Sulyok et al., 2010). Detection and quantification 

of chemical compounds have been approached using LC-MS/MS instruments operated in 

multiple reaction monitoring mode (MRM) as it allows sensitive, specific and cost effective 

identification of chemical compounds by permitting selection of a number of transitions for 

a given analyte (Berthiller et al., 2007; Logrieco et al., 2009; Mogensen et al., 2010a; 

Mogensen et al., 2009; Susca et al., 2010). Initially, in the first quadruple, the precursor ion 

of interest is selected. In the second quadruple, the molecular ion undergoes further ionisation 

resulting in the generation of daughter ions, which are selected in the third quadruple, 

allowing selection of two ions for a compound, which ensures the identification of chemical 

compounds with higher accuracy. Mogensen et al. (2010a) detected and quantified FB2 and 

FB4 from artificially inoculated grapes, and a limit of detection (LOD) of 5 µg/kg was 

reported with a signal-to-noise ratio (S/N) of five for spiked grape samples using LC-MS/MS 

with MRM mode. Also, Logrieco et.al (2009) developed a method to detect and quantify 
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FB2 from laboratory media (agar) using ESI- LC-MS/MS operated in a similar mode. They 

reported a LOD of 1.5 µg/kg (signal to noise ratio of 3) for agar samples spiked with FB2. 

According to European Union regulations, the maximum amount for fumonisins in corn and 

corn-based products varies from 0.2 - 4 mg/kg based on the type of product (European 

commission, 2007). LC-MS/MS methods that have so far been developed are sensitive 

enough to detect very small quantities of fumonisins in grape and their derivatives and, 

therefore, these methods could be useful to monitor any potential regulations for fumonisins 

in grapes and their derivatives in the future.  
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1.6 Summary and research objectives 

Aspergillus spp. occur in vineyards worldwide and some species have been identified as 

producers of toxins in grapes and grape derived products that may result in health 

implications. OTA is the major toxin that occurs in grapes and grape products and A. 

carbonarius is the primary producer of OTA, mainly occurring in vineyards with a 

Mediterranean climate. Production of OTA by Aspergillus spp. has been thoroughly studied 

worldwide and, consequently, management strategies have been developed to minimise OTA 

contamination in grapes and grape products.  

Fumonisins are the most recently identified toxin from grapes and grape products, being 

produced by A. niger and A. welwitschiae within the section Nigri. A. niger occurs abundantly 

in vineyards worldwide including Australia. However, the ability of Aspergillus spp. from 

Australian vineyards to produce fumonisins has not been investigated to date.  

Environmental factors such as temperature and water activity play an important role in the 

production of toxins by Aspergillus spp. The influence of these factors for the production of 

OTA has been widely studied. However, research data related to environmental factors 

predisposing Aspergillus spp. to produce fumonisins is limited. 

Toxins produced in grapes, due to the presence of fungal pathogens, may be transferred into 

wine, although a considerable amount of toxins such as OTA can be physically removed 

during the vinification process. As research data related to the fate of fumonisins in 

vinification is only available for muscadine grapes (V. rotundifolia), further investigations 

are needed using the more widely grown European grapevine, V. vinifera, to gain a better 

insight into the fate of fumonisins during vinification.  
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As vinification does not remove all the toxins during production, efforts have been made to 

identify different methods suitable for the removal of mycotoxins in wine. Most of the 

research conducted to date has focussed on the elimination of OTA in wine with some fining 

agents used in clarification being suitable for eliminating mycotoxins. However, their usage 

in the elimination of fumonisins has only been investigated for red wine using some polymer 

compounds.  

Fumonisins are found to be stable in some food matrices during storage. However, their 

stability is found to be affected by some factors such as storage temperature and pH. 

Nevertheless, no information is available on the stability of fumonisins during prolonged 

storage in aqueous media such as wine. This dissertation therefore addresses five research 

questions as identified in this review.  

 

1. Do Australian Aspergillus spp. associated with wine grapes have the ability to 

produce fumonisins? What species of Aspergillus associated with Australian wine 

grapes produce fumonisins? 

 

The second research question is aimed at identifying the ecological conditions for fumonisin 

production by Aspergillus spp., as toxin production is known to be affected by environmental 

factors.  

2. What temperature and water activity conditions are suitable for fumonisin 

production by Australian Aspergillus isolates?  

 

The next important factor to be considered is the amount of toxins found in the final products 

after processing, as the toxins found in the final product are mainly a function of processing 
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(Bullerman et al., 2007; Bullerman et al., 2002). Fumonisins have been identified in wine 

samples at different concentrations and from many countries, including Australia. 

Information related to the fate of fumonisins during vinification is limited and therefore, the 

third question involves studying the fate of fumonisins during vinification.  

 

3. To what extent are fumonisins removed during vinification of white Vitis vinifera 

grapes?  

 

Fumonisins have been identified as potential carcinogenic compounds and their occurrence 

in wine is a safety concern. Removal of fumonisins in red wine has been approached in one 

study using polymer compounds used in clarification of wine. However, the impact of such 

agents on removal of fumonisins in white wine is unknown. The next question is aimed at 

identifying the effects of wine fining agents in the removal of fumonisins.  

 

4. Can fumonisins be removed using fining agents commonly used for clarification 

of wine?  

 

Fumonisins are found to be stable under normal processing conditions, however their stability 

in wine or wine-like media during prolonged storage is unknown. The last question involves 

studying the stability of fumonisins during wine storage and handling conditions.  

5. Do fumonisins degrade in wine under storage and handling temperature 

conditions?  

 

 

Five experiments were set up to address the above questions. The common methodologies 

used in all the experiments are presented in Chapter 2 General Methods. Chapter 3 addresses 
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the first two research questions and the rest of the questions are addressed in Chapter 4. The 

final chapter links all the result chapters together, and identifies future research needed.  
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Chapter 2 

General Materials and Methods 

2.1 Isolation and identification of Aspergillus spp. from grapes  

Aspergillus spp. were isolated from 57 wine grape samples (V. vinifera) collected from six 

vineyard locations in New South Wales (NSW) and a vineyard in South Australia (SA) 

during the 2016 and 2017 vintages. When Aspergillus infection was readily visible on the 

collected bunches, spores were transferred onto Dichloran Rose Bengal Chloramphenicol 

(DRBC) agar with a sterilised needle. When the infection was not visible on berries, five to 

ten berries randomly selected from bunches were cut into halves and placed onto DRBC agar, 

and incubated at 25 °C in the dark for three to five days. As the fungal colonies appeared on 

the grape samples, the spores were transferred onto DRBC agar as above. The fungal 

colonies, visually identified as genus Aspergillus based on the morphological characteristics, 

were purified by subculturing on CYA and incubated in the dark at 25 °C for 7 days (Pitt and 

Hocking, 1997; Samson et al., 2007; Samson et al., 2014).  

 

2.2 Growing and maintenance of fungal cultures 

For regular use, the fungal cultures were grown on CYA slants and subcultured at regular 

intervals to maintain the viability of the colonies. For long term storage, spores were 

harvested using a sterilised inoculating loop from CYA culture plates incubated for 7 days at 

25₀ C in the dark. These spores were aseptically transferred into cryogenic vials containing 

30% glycerol and stored at -80 °C (Samson et al., 2014). 
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2.3 Preparation of spore suspensions 

Aspergillus isolates were grown on either CYA or synthetic grape juice medium (SGJM) 

depending on the requirements and incubated at 25 °C in the dark for seven to ten days. 

Spores were harvested by gently scraping the cultures with a sterilised stick (Hockey Stick) 

(Thermo-Fisher Scientific, Australia) after flooding the culture with sterilised distilled water 

containing 0.5 g/L Tween 80® (Merck, Australia). The resulting suspension was vortexed 

thoroughly to break up the spore clumps and filtered using doubled layered Miracloth® 

(Merck, Australia) to remove mycelium segments. The concentration of the spores was 

determined by counting the spores on a haemocytometer and the desired concentration of the 

spores was achieved by serial dilution in distilled water.  

 

2.4 Safety measures  

Appropriate safety precautions were followed, including use of personal protective 

equipment and biological safety hood during handling of chemicals. Special precautions were 

adhered with handling of fumonisins considering the potential carcinogenic effects of 

fumonisins for human. These include usage of protective clothing (gloves and laboratory 

gown) and biological safety hood in preparation of all samples containing fumonisins. 

Additionally, glassware and the work area were decontaminated with a 5% aqueous solution 

of sodium hypochlorite after each use. All hazardous waste was disposed in labelled 

biohazard bags.  
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2.5 LC-MS/MS methods and analysis of fumonisins 

2.5.1 Chemicals and standards 

HPLC grade solvents were used in this study and included acetonitrile (Chem-Supply, 

Australia) and ultra-pure water (Millipore Pty Ltd, NSW, Australia). Formic acid (LC-MS 

grade, LiChropur®, 98-100%, Sigma-Aldrich, Australia) was used to acidify the mobile 

phase. Fumonisin standards (FB1, FB2, FB3) (Sigma Aldrich, NSW, Australia) were used 

initially for method development, and FB2 was used in preparation of calibration standards. 

 

2.5.2 Instrumentation 

An Agilent 1260 binary pump was used with an Agilent 1200 auto sampler in series, degasser 

and an Agilent 6470 triple quadrupole tandem mass spectrometer (MS/MS) detector. A 

Gemini C6-phenyl column (Phenomenex; 50 x 2 mm, 3 µm, 110 A) fitted with a security 

guard system was maintained at 25 °C. A 5 µL injection volume was used for all standards 

and samples.  

 

2.5.3 Chromatographic conditions 

Reverse-phase separation was obtained using a gradient of solvent A (ultra-pure water + 20 

mM formic acid) and solvent B (acetonitrile + 20 mM formic acid). The column was 

equilibrated for 25 min prior to analysis. The gradient was as follows: (1) held at 20% B for 

3 min, (2) linear from 20 % to 55% B from 3 to 5 min, (3) held at 100% B from 6 to 10 min 

before returning to (4) 20% B from 10 to 25 min. A constant flow rate of 0.3 mL/min was 

maintained throughout the analysis. 
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2.5.4 Mass spectrometry conditions 

Mass Spectrometric parameters for all investigated analytes were set up based on Noonim et 

al. (2009) and Gazzotti et al. (2011). The mass spectrometer was operated in positive mode 

(ESI+) at a source flow of 700 L/h nitrogen at 350 °C. Nitrogen was used as the collision gas. 

All the analyses were conducted using multiple reaction monitoring (MRM) mode.  

Identification of the analytes was approached using molecular weight, fragmentation pattern, 

and comparison of the RT of fumonisin standards where possible. Table 2.1 shows the 

collision energy and the cell accelerator voltage values used for all MRM transitions. 
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Table 2.1. MRM transitions and MS/MS parameters used for fumonisins. 

 

Compound 

name 

Precursor 

ion (m/z) 

Product 

ions (m/z) 

Dwell 

time (ms) 

Fragmentor 

(V) 

Collison 

Energy(V) 

Cell 

Accelerator 

Voltage 

(V) 

FB1 722 528 100 50 25 3 

 334 50 50 40 3 

FB2 706 512 100 50 25 3 

 336 50 50 40 3 

FB3 706 336 100 50 25 3 

 318 50 50 40 3 

FB4 690 514 100 50 25 3 

 320 50 50 40 3 

HFB2 

(hydrolysed 

FB2) 

390 372 100 30 20 3 

 354 50 30 15 3 
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2.5.5 Quantification of FB2 

Quantification of FB2 was achieved using calibration curves constructed for each matrix 

(grape skins, juice, wine, lees) separately, by plotting FB2 concentrations against the peak 

area (Figure 2.1, 2.2, 2.3, 2.4, 2.5 shows the calibration plots used for the quantification of 

FB2 in different matrices). Lower and upper limits of the concentrations of FB2 were decided 

based on the preliminary experiments. Table 2.2 shows the calibration data used for 

quantification of FB2 in different matrices. 

 

Table 2.2 Calibration data used for quantification of FB2 in different matrices. 

Matrix Calibration 

range 

(mg/L) 

Regression line Correlation 

coefficient 

LOD 

(µg/kg) 

LOQ 

(µg/kg) 

Acetonitrile: 

water (1:1) 

 

0.01 - 1 Y=2E+06X+13984 

 

 

0.998 0.3 1.0 

 

 

Acetonitrile: 

water (1:1) 

1 - 10 Y=2E+06X+124524 0.996 N.C. N.C. 

Juice 0.001- 0.08 Y=6.01E+05X+1140.5 0.995 0.16 0.48 

Wine 0.0001- 0.06 Y=5.74E+05X+320.38 0.997 0.07 0.25 

Lees 0.0025 -0.02 Y=1E+06X-213.25 0.999 0.25 0.90 

Skin 0.01 - 2 Y=1E+06X-42615 0.997 0.25 0.95 

*All calibration samples were run in triplicates; N.C. = not calculated; Limit of Detection 

(LOD) and limit of quantification (LOQ) was calculated based on the slope of the calibration 
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curve and the standard deviation of ten blank samples (noise); samples containing FB4 was 

calculated equivalent to FB2 as FB4 standards were not commercially available. 

 

 

 

 

 

Figure 2.1.  LC-MS/MS calibration curve used for quantification of 

Aspergillus culture extract 
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Figure 2.2 LC-MS/MS calibration curve prepared for quantification of FB2 in Juice 

samples obtained from infected and uninfected grapes (used extraction of control juice 

samples as a matrix to spike with FB2) 
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Figure 2.3 LC-MS/MS calibration curve prepared for quantification of FB2 in wine 

samples obtained from infected and uninfected grapes (used extraction of control wine as 

a matrix to spike with FB2) 
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Figure 2.4 LC-MS/MS calibration curve prepared for quantification of FB2 in lees 

samples obtained from infected and uninfected grapes (used the extraction of control lees 

samples as matrix to spike with FB2) 
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Figure 2.5 LC-MS/MS calibration curve prepared for quantification of FB2 in skin 

samples obtained from infected and uninfected grapes (used extraction from control skin 

samples to spike with FB2) 
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2.6 Statistical analysis 

All statistical analysis was performed using SPSS (IBM SPSS Statistics v. 20, 2015, IBM 

Corporation, Sydney, Australia) and R Console software (R version 3.6.1). Data were 

examined by ANOVA, when they amenable to that statistical analysis. The comparison of 

the means was conducted using Tukey’s test of honestly significant difference and Games 

Howell post hoc tests.   

LC-MS/MS data processing and integration of peak areas were performed using Agilent 

Mass Hunter qualitative software (B.07.00). 
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Chapter 3 

Occurrence of fumonisin producing Aspergillus isolates in 

Australian wine grapes: Ecological factors predisposing 

fumonisin production by A. niger and A. welwitschiae 

3.1 Introduction 

Occurrence of black aspergilli in vineyards has been a major concern for many countries 

around the world, as some isolates are responsible for producing mycotoxins. From a safety 

point of view, OTA and fumonisins are the most important toxins known to occur in grapes 

due to the presence of black aspergilli (Hocking et al., 2007; Nielsen et al., 2009; Somma et 

al., 2012; Steel et al., 2013). Production of such toxins in wine grapes is particularly 

important, as toxins produced in the grapes prior to harvest accumulate in wine made from 

these grapes (Leong, 2005; Lewis, 2016; Somma et al., 2012). Although the occurrence of 

OTA has widely been studied across viticulture regions in the world including Australia, less 

is known about the occurrence of fumonisins (Paterson et al., 2018; Somma et al., 2012). To 

date, no studies have been conducted in Australia in relation to the occurrence of fumonisins 

in grapes and grape related products. 

Previous investigations conducted mainly in Europe, have identified about 23 - 91% of A. 

niger and A. welwitschiae isolations associated with vineyards that have the ability to produce 

two analogues of fumonisins (FB2, FB4) under laboratory conditions (Abrunhosa et al., 

2011; Logrieco et al., 2009; Mikušuova et al., 2014; Mogensen et al., 2010a; Storari et al., 
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2012; Varga et al., 2010). The amounts these isolates produced in culture media or in grapes 

varies widely (<0.01 - 293 mg/kg) depending on the strains of Aspergillus (Abrunhosa et al., 

2011; Logrieco et al., 2009; Mogensen et al., 2009; Susca et al., 2010). Additionally, FB2 

have been identified from wine samples collected from 13 countries including Australia, with 

amounts ranging from 1 - 25 µg/L. These findings emphasise that fumonisin contamination 

associated with black aspergilli in vineyards worldwide needs to be addressed. 

Accurate identification of toxicologically important species is important in assessing the risk 

associated with mycotoxin contamination in vineyards. A. niger and A. welwitschiae are 

morphologically similar species and identification of these two species has only been 

possible using molecular approaches based on calmodulin sequencing data (Perrone et al., 

2011). More recently, species-specific primers for A. welwitschiae have been developed 

(Gherbawy et al., 2015; Palumbo et al., 2015), and these may offer fast and reliable 

alternative means for identifying this important species within the A. niger aggregate. The 

incidence of A. welwitschiae has not previously been reported from many viticulture regions, 

including those in Australia. As A. welwitschiae has been detected as a fumonisin producer 

in grapes and grape-derived products (Perrone et al., 2011; Varga et al., 2010), accurate 

identification of this species is important to assess their toxicological impact on grape and 

wine production. 

While accurate identification of Aspergillus spp. may provide basic information on the 

occurrence of toxicologically important species in vineyards, this doesn’t mean that these 

isolates produce toxins in planta. The ability of an isolate to produce mycotoxins is 

potentially dependent upon a number of factors related to fungal growth and physiology 

(Abbas et al., 2009; Abrunhosa et al., 2002; Bellí et al., 2004; Leong et al., 2006d; Medina 

et al., 2008; Mitchell et al., 2004; Mogensen et al., 2009). Of these, temperature and water 
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activity appeared to be the two most important factors influencing growth and toxin 

production by Aspergillus spp. (Bellí et al., 2005; Bellí et al., 2004; Leong et al., 2006d; 

Mitchell et al., 2004; Mogensen et al., 2009). The influence of culture temperature and water 

activity have been investigated for A. carbonarius, particularly in relation to OTA production 

(Bellí et al., 2005; Bellí et al., 2004; Leong et al., 2006d; Mitchell et al., 2004). Based on 

this information, vineyard locations with a greater risk for the occurrence of OTA have been 

identified and management strategies (i.e., harvesting grape with minimal damage to avoid 

juice leakage, storage of harvested grapes under cool conditions to avoid toxin production 

during storage, maintain winery sanitary conditions to avoid fungal growth in vessels used 

for wine making) have been developed to minimise the occurrence of OTA in grapes and 

grape products (Hocking et al., 2007; Gil-Serna et al., 2018; Paterson et al., 2018). However, 

the ecological data related to fumonisin production is only available for a few European 

strains of A. niger. According to these findings, fumonisin production occurs at a range of 

temperatures and the water activity conditions and the maximum amount of fumonisins 

produced by A. niger strains varied under the observed treatment conditions (Mogensen et 

al., 2009). Therefore, the ability of Aspergillus isolates from other vineyard locations to 

produce fumonisin requires investigation under varied environmental conditions to identify 

the agro-ecological zones with high risk for fumonisins production. 

The aims of this Chapter were to (i) investigate the occurrence of fumonisin producing 

Aspergillus isolates in Australian wine grapes; (ii) accurately identify A. niger and A. 

welwitschiae using molecular methods; (iii) assess the ability of A. niger and A. welwitschiae 

to produce fumonisin under varied temperature and water activity conditions. 

To achieve these aims, Aspergillus isolates were collected from Australian wine grapes and 

fumonisin production was determined using LC-MS/MS. As characterisation of Aspergillus 
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spp. in Australian vineyards has previously been carried out (Leong, 2005), molecular 

detection was only conducted to identify A. niger and A. welwitschiae among the isolates 

collected from wine grapes as these are the only species known to produce fumonisins in 

grapes and grape products to date (Ferranti et al., 2018; Perrone et al., 2011; Varga et al., 

2010). To identify the effects of varied ecological conditions on fumonisin production, three 

isolates selected from the isolates that were known to produce fumonisins in SGJM were 

further assessed for their fumonisin production under different temperature and water activity 

conditions. 
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3.2 Materials and methods 

3.2.1 Isolation and morphological identification of Aspergillus spp. from wine grapes 

Aspergillus isolates were collected from wine grapes (European grapes, V. Vinifera) from 

seven vineyard locations in N SW (Canberra, Hilltops Young, Orange, Mudgee, Griffith and 

Wagga Wagga) and a vineyard in SA (location unknown) during the 2016 and 2017 vintage. 

Isolation of Aspergillus spp. from grape samples were conducted as described in Chapter 2 

(General Materials and Methods). These isolates were three point inoculated (inoculating the 

culture plate at three locations) and grown in CYA (Pitt and Hocking, 1997) (Appendix 1- 

preparation of CYA medium), and morphologically identified as belonging to the genus 

Aspergillus using colony features and the spore characteristics (Pitt and Hocking, 1997; 

Samson et al., 2014).  

 

3.2.2 DNA isolation and PCR identification 

For DNA extraction, fungal isolates were grown in potato dextrose broth (PDB) (Sigma-

Aldrich, Castle Hill, NSW, Australia) at 25 °C in the dark for 2 days. The mycelium was 

collected by filtration (Whatman No. 1 filter paper) and blot dried by pressing it between 

sterilised paper towels. Approximately 100 mg of mycelia from each isolate were frozen in 

liquid nitrogen and ground to a fine powder, and DNA was extracted using the Qiagen Plant 

Mini Kit according to the manufacturer’s instructions (Qiagen Pty. Ltd., Victoria, Australia). 

The quality of genomic DNA was determined by electrophoresis on 1% agarose gel and 

quantified using a ND-2000TM spectrophotometer (NanoDrop) (Thermofisher Scientific). 

Molecular detection of A. niger and A. welwitschiae was achieved using PCR species-specific 

primers (Table 3.2.1) developed by Palumbo et al. (2015). The PCR contained 5 µL of 5× 

buffer (15 mM MgCl2, 0.1mM dNTPs, BIOLINE), 0.1 µM of each primer, 1 U of 
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HotStar Taq DNA polymerase (Qiagen Pty. Ltd., Victoria, Australia), approximately 25 ng 

of DNA template, and were adjusted with sterile nano-pure water to a total volume of 25 µL 

(Pitt et al., 2010). PCR was performed using a Bio-Rad T100TM Thermal Cycler (Bio-Rad, 

USA). Amplification was achieved by an initial step of 5 min at 95 °C, followed by 35 cycles 

of 30 sec at 95 °C, 30 sec at 66 °C, and 30 sec at 72 °C, with a final extension of 5 min at 72 

°C according to Palumbo et al. (2015). 

 

Table 3.2.1 PCR primers used in identification of Aspergillus isolates positive for fumonisin 

production.  

 

Primer ϯ Sequence (5’ – 3’) Reference 

An F GGATTTCGACAGCATTTTCCAGAACG  

An R GATAAAACCATTGTTGTCGCGGTCG Palumbo et al. (2015) 

Aw F GGGATTTCGACAGCATTTCTCAGAATT  

Aw R GATAAAACCATTGTTGTCGCGGTCA  

ϯAn F - A. niger forward primer, An R - A. niger reverse primer, Aw F - A. welwitschiae 

forward primer, Aw R - A. welwitschiae. 

 

PCR products were separated by electrophoresis on 1% agarose containing 0.5 × Tris-acetate-

EDTA buffer. Presence of A. niger and A. welwitschiae was verified by comparison of the 

size of the PCR products obtained (357 bp) for each isolate with a standard DNA ladder (1 

kb) (Palumbo et al., 2015). Additionally, two A. niger (MA 5.1, SA 1.1) and an A. 

welwitschiae (YO 1.1) were sent to Australian Genome Research Facility for sequencing to 

verify their identify with the isolates that are deposited in the GenBank 

(https://www.ncbi.nlm.nih.gov/genbank/). 
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3.2.3 Initial screening of Aspergillus isolates for fumonisin production 

A total of 38 Aspergillus isolates collected from wine grapes and four reference Aspergillus 

isolates (A. carbonarius; FRR 5690, A. japonicus; Hunter 14 A, A. tubingensis; LS 001 and 

A. foetidus; FRR 5041) were initially screened for fumonisin production. Additionally, two 

F. verticillioides isolates (DAR 80112, DAR 80113) (NSW Department of Primary 

Industries, Australia) were included as positive isolates following verification of their 

fumonisin production using ELISA (BIOO Max Signal Elisa kit®
, Texas, USA; results not 

shown). Appendix 2 lists the details of the isolates used.   

 All Aspergillus isolates were grown for 7 days in the dark on CYA amended with 5% NaCl, 

whereas the Fusarium isolates were grown on PDA (Sigma-Aldrich, Castle Hill, NSW, 

Australia) under the same conditions as above. Culture media were inoculated with 10 µL 

spore suspensions prepared as described in Chapter 2.  

 

3.2.4 Assessment of A. niger and A. welwitschiae isolates for fumonisin production 

A total of six Aspergillus isolates that were identified as positive for fumonisins in initial 

screening were further grown on CYA with 5% NaCl and SGJM (Leong, 2005) (Appendix 

3 - preparation of SGJM medium) to determine their ability to produce fumonisins. Cultures 

were incubated for 7 days in the dark at 25 °C and fumonisins were extracted and analysed 

using LC-MS/MS as described in Chapter 2. This experiment was repeated twice with two 

replicates for each treatment at two time points and the results were combined to estimate the 

mean fumonisin production of the isolates in each media.  
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3.2.5 Assessment of growth rate and fumonisin production under different water 

activity and temperature conditions 

3.2.5.1 Establishment of cultures  

Two A. niger; MA 5. 1 (NSW) and SA 1.1 (SA) and an isolate of A. welwitschiae; YO 1.3 

(NSW) were selected out of the six fumonisin positive isolates based on the location they 

were isolated from and their fumonisin production in SGJM (section 3.2.4). SGJM was used 

as basal medium to grow the fungal isolates. Adjustment of water activity levels was 

conducted according to Leong et al. (2006) and under these conditions the water activity of 

SGJM was determined to be approximately 0.98 aw. This was used as a positive control for 

treatments as the selected isolates produced quantifiable amounts of fumonisins in this 

medium. Two water activity levels, of 0.95 aw and 0.92 aw were obtained by adding glycerol 

at 108.21 g and 218.00 g, respectively. The pH was adjusted to 4.2 using 10 M NaOH and 

finally, the volume of the media was adjusted to 1L using distilled water.  

All cultures were centrally inoculated with 10 µL of spore suspension as described previously 

under the section 3.2.4.  

Plates were incubated at 20 °C, 25 °C, 30 °C and 35 °C, thus yielding a full factorial design 

of four temperatures x three water activities x three isolates. There were three replicates for 

each treatment combination.  

 

3.2.5.2 Measurement of growth 

Linear growth of the cultures were measured daily for 5 - 7 days depending on the growth 

rate of the cultures. Two right angled measurements were taken in two directions and the 

average diameter was used to determine the growth rate of the isolates. Radial growth rate 
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was determined by plotting the growth of each isolate against time (mm / day) under each set 

of growth conditions.  

 

3.2.6 Sampling, extraction and LC-MS/MS analysis of fumonisins  

Sampling was conducted 7 days after the culture initiation. Ten agar plugs (approximately 

1.2 g) each with 5 mm in diameter were cut out of the colony (centre and the radius) using a 

sterile cork borer and weights of each sample was recorded in order to calculate fumonisin 

yield per kilogram of culture medium. Samples were stored at -20 °C until extraction. 

Extraction and analysis of fumonisins was conducted as described in Chapter 2. For recovery 

studies, agar plugs (approximately 1.2g) cut out from a fumonisin non-producing isolate (A. 

japonicaus), as previously described,  were spiked with FB2 standards at two different 

concentrations (5 and 20 µg/g), and left overnight at room temperature and then fumonisins 

were extracted as described previously. The percentage recovery was calculated to be 84%. 

Quantification of fumonisins was conducted using the calibration curve prepared using five 

concentrations of FB2 standards (Sigma Aldrich, Castle Hill, NSW) dissolved in 

acetonitrile/H2O (1:1; v/v). FB4 was quantified as FB2 equivalents. The detection limit 

(LOD) for FB2 was calculated to be 0.1 µg/L using the equation, LOD = (3.3*SD/b) (SD-

standard deviation of the noise for ten blank measurements), b-slope of the calibration curve) 

and limit of quantification was calculated to 0.35 µg/L using the equation, LOQ = (10*SD/b) 

(Shrivastava et al., 2011). Linearity of the calibration curve was checked using pure FB2 

standards ranging from 0.001 to 50 mg/L. The calibration curve was linear up to 20 mg/L. 
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3.2.7 Statistical analysis 

ANOVA in SPSS was conducted to determine if the fumonisin production or growth was 

significantly different among the isolates of Aspergillus. Outliers were assessed by boxplots 

and the homogeneity of variance was assessed by Levenes’s test. Mean comparison was 

conducted using Games-Howell test for fumonisin data obtained for isolates assessed in 

SGJM and CYA whereas for growth data and fumonisin data obtained for Aspergillus isolates 

assessed under different temperature and water activity conditions, mean comparison was 

conducted using “Tukey’s Honestly Significant Difference” test ("One Way Anova in SPSS 

Statistics", 2019) 

Multiple regression analysis was performed on ecological data obtained for the Aspergillus 

isolates and the Contour plots were obtained using R software, version 3.6.1 to predict the 

growth and fumonisin production under different temperature and water activity levels. 
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3.3 Results 

3.3.1 Occurrence of fumonisin producing A. niger and A. welwitschiae in Australian 

wine grapes 

Thirty-eight Aspergillus isolates were collected from wine grapes from eight vineyard 

locations in NSW and a vineyard from South Australia (Table 3.3.1). The isolates were 

identified initially as Aspergillus based on the morphological features (Figure 3.3.1). 

LC-MS/MS analysis of culture extracts showed that six isolates were able to produce 

fumonisins (Table 3.3.1). All six fumonisin positive isolates produced both FB2 and FB4 and 

FB1 was not detected from any of the Aspergillus isolates, however, two F. verticilloides 

isolates (DAR 8012, 8013) produced FB1, FB2 and FB4 . The reference Aspergillus isolates 

A. carbonarius (FRR 5690), A. tubingensis (LS 001), A. japonicus (Hunter 14 A) and A. 

foetidus (FRR 5041) were not positive for fumonisins (FB1, FB2, FB4) (Table 3.3.1). Figure 

3.3.2 shows the liquid chromatography multiple reaction monitoring mass spectrometry (LC-

MRM-MS) chromatogram obtained for FB2 standard and the culture extract of A. 

welwitschiae. 
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Figure 3.3.1 Aspergillus isolates (A - DP 9.1.2, B - DP 9.2.2) grown on Czapek Yeast Extract 

Agar (CYA) and the conidia (C - DP 9.1.2, D - DP 9.2.2) obtained after 7 days of incubation 

at 25 °C .            
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Figure 3.3.2 LC-MRM-MS chromatogram of (A) FB2 standard solution (B) extract of A. 

welwitschiae isolate YO 1.1.
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Table 3.3.1 Fumonisin production ability of Aspergillus isolates collected from 

Australian wine grapes and the reference isolates obtained from culture collections. 

 

†Isolate / isolates positive for at least one analogue of fumonisins (FB1, FB2, FB4); * 

fumonisins detected (+), not detected (-). 

 

Source of 

isolate / name 

of reference 

isolates 

Number 

of grape 

bunches 

sampled 

Number of 

isolates 

collected 

Fumonisin 

production 

frequency † 

 Fumonisin 

production* 

FB1 FB2 FB4 

Wine grapes-

NSW 

 

49 36 4 ˗ + + 

Wine grapes-

SA 

 

6 2 2 ˗ + + 

A. carbonarius 

(FRR 5690) 

 

N/A 1 ˗ ˗ ˗ ˗ 

A. tubingensis 

(LS 001) 

 

N/A 1 ˗ ˗ ˗ ˗ 

A. foetidus 

(FRR 5041) 

 

N/A 1 ˗ ˗ ˗ ˗ 

A. japonicas 

(Hunter 14 A) 

 

N/A 1 ˗ ˗ ˗ ˗ 

F. verticilloides 

(DAR 8012) 

 

N/A 2 2 + + + 
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3.3.2 Occurrence of fumonisin producing A. niger and A. welwitschiae in Australian 

wine grapes 

 All Aspergillus isolates collected from wine grapes were screened using PCR species-

specific primers, AN F/R and AW F/R (Palumbo et al., 2015) to identify Aspergillus niger 

and A. welwitschiae isolates. Among the 38 isolates (Table 3.3.1), four isolates were 

identified as A. niger (Figure 3.3.3) and nine were identified as A. welwitschiae (Figure 

3.3.4). Of the four isolates of A. niger, two were from vineyards in NSW and two from 

SA, whereas all the nine isolates of A. welwitschiae were from vineyards in NSW. Among 

the 18 isolates collected from Griffith, NSW, only one was identified as A. welwitschiae 

and, no A. niger isolates were identified (Table 3.3.2). Among the four isolates identified 

as A. niger, three were positive for fumonisins production, however, out of the nine A. 

welwitschiae isolates, only three were positive for fumonisin production.  

The isolates examined showed varying abilities to produce fumonisins in both media 

(Table 3.3.4). Two isolates of A. niger (MA 5.1 & SA 1.2) were significantly different in 

terms of fumonisin production in CYA (p<0.005). Also, there was a significant difference 

between the isolates of A. welwitschiae and the isolates of A. niger (p<0.05) in both 

media. However, fumonisin production by the isolates of A. welwitschiae collected from 

the same vineyard location (Table 3.3.2) were not statistically different in terms of 

fumonisin production in both media assessed (p>0.05). Overall, all three A. welwitschiae 

isolates produced higher amounts of fumonisins in both CYA and SGJM compared to the 

isolates of A. niger. 
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Figure 3.3.3 Polymerase chain reaction products (357 bp) obtained by amplifying 

genomic DNA of Aspergillus isolates collected from wine grapes (lane 2 to 20, lane 23 

to 38) and reference isolates A. carbonarius (FRR 5690) (lane 21) and A. tubingensis 

(LS 001) (lane 22) with species-specific primers for A. niger (AnF/AnR) (Palumbo et 

al., 2015); Lane M is a 1 Kb DNA ladder; lane 17 and 28 are positive control for A. 

niger (SA 1.1 and MA 5.1) (GenBank accession number – KX894632.1), and lane 1 

and 23 are negative controls. 

 

 



59 

 

 

 

Figure 3.3.4 Polymerase chain reaction products (357 bp) obtained by amplifying 

genomic DNA of Aspergillus isolates collected from wine grapes (lane 2 to 17, lane 21 

to 38) and reference isolates A. carbonarius (FRR 5690) (lane 18) and A. tubingensis 

(LS 001) (lane 19) with species specific-primers for A. welwitschiae (AwF/AwR) 

(Palumbo et al., 2015); Lane M is a 1 Kb DNA ladder, lane 13 is a positive control for 

A. welwitschiae (YO 1.3) (Gen bank accession number - KX894585.1) and lane 1 and 

20 are negative controls. 
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Table 3.3.2 Distribution of A. niger and A. welwitschiae isolates collected from 

Australian wine grapes during 2016 and 2017 vintages and their potential to produce 

fumonisin as determined by LC-MS/MS 

 

Vineyard 

location 

Number 

of grape 

samples 

analysed 

Number of 

Aspergillus 

isolates 

collected 

Species distribution Number 

of 

fumonisin 

producing 

isolates 

Aspergillus 

niger 

Aspergillus 

welwitschiae 

Other 

Mudgee* 06 05 02 03 Nil 01 

Canberra* 06 04 Nil 02 02 Nil 

Young* 04 03 Nil 03 Nil 03 

Wagga* 

Wagga 

05 04 Nil Nil 04 Nil 

Orange* 04 02 Nil Nil 02 Nil 

Hiltops* 04 Nil Nil Nil Nil Nil 

Griffith* 22 18 Nil 01 17 Nil 

South* 

Australia 

06 02 02 Nil Nil 02 

ϯ Other- Aspergillus isolates not identified as A. niger and A. welwitschiae; *Sampled 

vineyards in NSW 
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Table 3.3.3 Average fumonisin (FB2 & FB4) production by A. niger and A. 

welwitschiae isolates collected from Australian wine grapes after 7 Days of culture at 

25 °C in CYA and SGJM. 

Isolates of Aspergillus Culture media 

Aspergillus niger CYA (mg/kg)* SGJM (mg/kg)* 

MA 5.1 0.95 ± 0.2a 0.4 ± 0.5a 

SA 1.1 3.8 ± 1.4ad 1.0 ± 0.7a 

SA 1.2  4.7 ± 0.6bd 0.5 ± 0.0a 

Aspergillus welwitschiae 

 

YO 1.1 28.8 ± 4.5c 10.5 ± 2.5b 

YO 1.2 29.3 ± 3.9c 15.7 ± 2.8b 

YO 1.3 30.6 ± 2.8c 19.4 ± 3.7b 

*Mean fumonisins (FB2 & FB4) for four replications; Values within columns with the 

same superscript letter are not significantly different (p<0.05); Mean comparison was 

conducted using “Games Howell” Post Hoc analysis. 

 

 

 

3.3.3 Effect of temperature and water activity on growth and fumonisin production 

by Australian isolates of A. niger and A. welwitschiae 

3.3.3.1 Growth rate of Aspergillus isolates 

There was a highly significant interaction between the temperature and water activity for 

linear growth rate of the isolates (p<0.01). This implies that the effects of temperature on 

growth rate of the isolates varies with different levels of water activity. Consequently the 

effect of each factor for growth rate was not considered independently.  

For all three isolates examined, the most rapid growth was observed at 0.98 aw and 35 °C. 

The maximum growth rate achieved was 14.89 mm/day by A. welwitschiae at 0.98 aw and 

35 °C. The minimum growth rate observed was 2.31 mm/day, observed for A. niger   (MA 

5.1) at 0.92 aw and 20 °C (Table 3.3.4).  
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Table 3.3.4 Effect of water activity and temperature on linear growth rates (mm/day) of A. 

niger and A. welwitschiae. 

 

Water 

activity 

Temperature Aspergillus isolates 

MA 5.1 

(A. niger) 

SA 1.2 

(A. niger) 

YO 1.3 

(A. welwitschiae) 

0.92 20 °C 2.31 ± 0.04t 2.39 ± 0.24t 2.37 ± 0.18t 

25 °C 3.21 ± 0.08rs 3.61 ± 0.03r 2.82 ± 0.1st 

30 °C 5.85 ± 0.70no 4.62 ± 0.25q 4.95 ± 0.20pq 

35 °C 7.66 ± 0.13jklm 7.57 ± 0.05klm 7.40 ± 0.20lm 

0.95 20 °C 6.01 ± 0.11no 5.54 ± 0.05op 5.58 ± 0.12op 

25 °C 7.17 ± 0.11m 7.43 ± 0.17lm 7.90 ± 0.09ijkl 

30 °C 8.86 ± 0.39fgh 8.36 ± 0.45hi 8.52 ± 0.07ghi 

35 °C 11.48 ± 0.20d 11.58 ± 0.05d 12.42 ± 0.23c 

0.98 20 °C 6.30 ± 0.05n 5.90 ± 0.12no 5.82 ± 0.09no 

25 °C 8.35 ± 0.15hi 8.06 ± 0.01ijk 8.28 ± 0.01hij 

30 °C 9.19 ± 0.36efg 9.10 ± 0.41ef 9.57 ± 0.01e 

35 °C 13.06 ± 0.10b 13.09 ± 0.25b 14.89 ± 0.17a 

± Standard deviation for three replicates; growth rates with different superscript letters 

differ significantly (p<0.05); mean comparisons was conducted using “Tukey’s Honestly 

Significant Difference” test. 

 

The growth of all isolates followed a similar pattern, growth rate increased with 

increasing temperature and water activity levels. There was some minor variability in the 

growth rate between the two A. niger isolates under similar water activity and temperature 

conditions, however, these were not statistically different except at 30 °C and 0.92 aw. 
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Similarly, the growth rates of A. welwitschiae were not significantly different to either 

one or both isolates of A. niger under most of the similar treatment conditions, except at 

35 °C and 0.95 aw, 35 °C and 0.98 aw, where A. welwitschiae showed significantly higher 

growth rate than both A. niger isolates (Table 3.3.4). The growth data from the three 

isolates were used to develop surface response curves to predict the range of conditions 

that these isolates may grow and the optimum conditions that support their growth (Figure 

3.3.5). 

 

Figure 3.3.5 Surface response curves for two isolates of A. niger (MA 5.1, SA 1.2) and 

an isolate of A. welwitschiae in relation to water activity and temperature. The numbers 

on the contour lines refer to the linear growth rates (mm day). 
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3.3.3.2 Fumonisn production 

Similar to the growth rate of the isolates, fumonisin production had a significant 

interaction (p< 0.01) with the temperature and the water activity and therefore, the effects 

of these factors for fumonisin production were not considered individually.  

None of the isolates produced fumonisins at 0.92 aw within the temperature conditions 

used and at 35 °C within all water activity levels used (Figure 3.3.6).  

Isolates showed varying abilities to produce fumonisins. The maximum fumonisin 

produced in SGJM was 24 mg/kg by A. welwitschiae YO 1.3 at 0.98 aw and 20 °C, 

whereas the maximum fumonisin produced by two isolates of A. niger was 1.66 mg/kg 

and 1.63 mg/kg under the same conditions. For A. welwitschiae, fumonisin production 

was observed across a broader range of temperatures (20 - 30 °C) and water activity levels 

(0.95 - 0.98 aw).  Conversely, A. niger produced quantifiable amounts of fumonisins only 

between 20 - 25 °C and 0.98 aw (Figure 3.3.6). 

Fumonisin data from the isolates were used to develop contour plots to predict the 

optimum water activity and temperature and the range of conditions for the production of 

fumonisins. The results identified 20 - 25° C and 0.95 - 0.98 aw as optimum conditions 

for fumonisin production by all three isolates. However, for A. welwitschiae, fumonisin 

production was found to occur over a wider range of temperatures (25 - 34 °C) than A. 

niger (25 - 32 °C) but the range of water activity levels that support fumonisins production 

was found to be similar (0.93 - 0.98 aw) for both species (Figure 3.3.7). 
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Figure 3.3.6 Fumonisin production by A. niger (MA 5.1, SA 1.2) and A. welwitschiae 

(YO 1.3) in SGJM with different water activity levels (W1 - 0.92 aw, W2 - 0.95aw, W3 

- 0.98 aw) and incubated under different temperature conditions (T1 - 20 °C, T2 - 25 

°C, T3 - 30 °C, T4 - 35 °C); Error bars represent the standard error of the mean of three 

replicates. 
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Figure 3.3.7 Contour plots for fumonisin positive Aspergillus isolates collected from 

Australian wine grapes; A - MA 5.1 (A. niger), B - SA 1.2 (A. niger), C - YO 1.3 (A. 

welwitschiae). The numbers on the contour lines refer to mean fumonisin production 

under each combination of temperature and water activity.  
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3.4 Discussion 

3.4.1 Occurrence of fumonisin producing Aspergillus isolates in Australian 

vineyards 

This is the first study that demonstrates fumonisin production within Aspergillus species 

associated with Australian vineyards. Of the 38 isolates collected from Australian wine 

grapes (Vitis vinifera), only 16% (six isolates out of 38 Aspergillus isolates) were capable 

of producing fumonisins. However, fumonisin production frequency within the A. niger 

and A. welwitschiae was about 46% (six out of thirteen A. niger and A. welwitschiae 

isolates). According to previous studies conducted outside Australia (mainly Europe), 

frequencies of fumonisin production within A. niger aggregate associated with grapes and 

grape-derived products were reported to range between 23% - 91% (Abrunhosa et al., 

2011; Ferranti et al., 2018; Logrieco et al., 2009; Mogensen et al., 2010a; Palumbo et al., 

2011; Susca et al., 2010; Varga et al., 2011; Varga et al., 2010). However, A. niger 

aggregate contain many species including A. niger and A. welwitschiae that are 

morphologically similar (Perrone et al., 2011). In the current study, no attempt was made 

to identify other species within the A. niger aggregate as this was beyond the aims of this 

study. Therefore, the frequency of fumonisin production within this study as calculated 

using A. niger and A. welwitschiae cannot be compared with the frequency of fumonisin 

production from other studies. Nevertheless, results from the current study may provide 

further evidence that there is a wide difference in the frequencies of fumonisins produced 

within Aspergillus isolates collected from different geographical locations. Previously, 

this type of variation has been observed for the production of fumonisins by A. niger and 

A. welwitschiae in maize kernels from USA and Italy and aflatoxins by A. falvus in maize 

from different agro-ecological zones (Atehnkeng et al., 2008; Horn et al., 1999). These 

findings emphasise the necessity for further investigations regarding the genetic diversity 
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of Aspergillus isolates from different geographic origins in relation to fumonisin 

production, which may be helpful to understand their distribution across the agro-

ecological zones worldwide. Given that only a small number of isolates were included in 

this study, future studies with a larger number of isolates collected from different 

viticultural regions may assist in providing more accurate estimations of the frequency of 

occurrence of fumonisin producing isolates in Australian vineyards.  

This study also reports the first identification of A. welwitschiae from Australian wine 

grapes. Molecular detection of Aspergillus spp. in Australian vineyards has previously 

been conducted (Leong, 2005), however, there have been no reports on the incidence of 

A. welwitschiae in Australian vineyards. A. welwitschiae was identified only recently as 

a separate species within A. niger aggregate using phylogenetic analysis based on 

calmodulin sequencing data (Perrone et al., 2011). 

Molecular analysis of Aspergillus isolates using previously published species-specific 

primers (Palumbo et al., 2015) verified that all fumonisin positive isolates were A. niger 

and A welwitschiae. Previously, the ability of Aspergillus spp. to produce fumonisin was 

investigated in vineyards overseas, and all these reports have showed that A. niger and A. 

welwitschiae were the only Aspergillus spp. able to produce detectable amounts of 

fumonisins (Abrunhosa et al., 2011; Ferranti et al., 2018; Logrieco et al., 2009; Mogensen 

et al., 2010a; Palumbo et al., 2011; Varga et al., 2010). However, some isolates belonging 

to A. foetidus and A. tubingensis have been found to produce at least one isomer of 

fumonisins (FB1, FB2, FB3) in peanuts and maize crops (Palencia et al., 2014). 

Nevertheless, in the current study none of the reference isolates A. carbonarius, A. 

foetidus, A. japonicus and A. tubingensis were able to produce fumonisins under 

laboratory conditions. These results are consistent with the previous reports on fumonisin 
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contamination in grapes and grape-related products in that A. niger and A. welwitschiae 

are the only species that have the capacity to produce fumonisins.  

In this study, A. welwitschiae isolates produced relatively higher amounts of FB2 than A. 

niger isolates in both CYA with 5% NaCl and SGJM. In contrast, Varga et al. (2010) 

reported that the average amount of fumonisins produced by A. niger isolates collected 

from dried grapes was almost double the average amount of fumonisins (mainly FB2) 

produced by A. welwitschiae isolates in CYA with 20% sugar. These differences may be 

related to the differences of the culture media used or the origin of the isolates. Also, there 

was some variability in fumonisin production among the isolates of the same species in 

both media. This type of variability within the isolates has been observed in relation to 

the production of fumonisins (Abrunhosa et al., 2011; Mogensen et al., 2009; Perrone et 

al., 2013; Varga et al., 2010) as well as OTA (Abrunhosa et al., 2011; Leong, 2005; 

Leong et al., 2006e) produced by some Aspergillus isolates associated with wine grapes. 

Nevertheless, the amount of fumonisins produced by both species in the present study 

was within the amounts so far reported to be produced in laboratory media by Aspergillus 

isolates associated with grapes or grape-derived products from other viticulture regions 

(Abrunhosa et al., 2011; Logrieco et al., 2009; Mogensen et al., 2010a; Susca et al., 2010; 

Varga et al., 2010).  

Fumonisin production by isolates of A. niger and A. welwitschiae were considerably 

higher in CYA with 5% NaCl compared to SGJM. The water activity of CYA with 5% 

NaCl was reported to be 0.97aw (Mogensen et al., 2009) and for SGJM it was reported to 

be 0.98 aw (Leong et al., 2006d). Mogensen et al. (2009) reported that A. niger produced 

higher amounts of FB2 in media amended with different concentrations of NaCl with FB2 

peaking at 0.98 - 0.97 aw. However, they reported a reduction of FB2 when the water 

activity was below 0.97- 0.94 aw and this was dependent on the strain of A. niger. Further, 
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Varga et al. (2010) detected a maximum of 35.5 mg/kg of fumonisins in dried vine fruit 

samples from different origin. The water activity of dried vine fruits may be reduced to 

below 0.95aw during the drying process (Valero et al., 2005). This indicates that some 

Aspergillus isolates have the potential to produce FB2 in food commodities (dried grapes, 

raisins) with low water activity levels. However, the high fumonisin amount that they 

observed for dried vine fruits may be due to the increased concentration of fumonisins 

during the drying process rather than increased fumonisin production under low activity 

levels. Nevertheless, the amount of information available related to fumonisin production 

in food commodities with low water activity levels is not sufficient to draw a better 

conclusion. Therefore, more research needs to be conducted to investigate the fumonisin 

production capability of Aspergillus spp. under different water activity levels in both 

culture media and food commodities with low water potential.  

A. niger and A. welwitschiae produced an average of 0.6 and 12.2 mg/kg of fumonisins, 

respectively, in SGJM. Given that, the composition of SGJM is similar to grapes from 

veraison to ripeness, one could presume that these isolates may be able to produce similar 

amounts of fumonisins in grapes close to harvest. However, research has shown that 

growth and toxin production by Aspergillus isolates is affected by ecological factors 

(Bellí et al., 2005; Bellí et al., 2004; Leong et al., 2006d; Mitchell et al., 2004; Mogensen 

et al., 2009). Given that Aspergillus isolates were grown at  25 °C, they may potentially 

produce lower or higher amounts of fumonisins in grapes grown under varied 

environmental conditions. 
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3.4.2 Effects of temperature and water activity on growth and fumonisin production  

3.4.2.1 Growth  

A. niger and A. welwitschiae had the fastest growth rate at 35 °C and 0.98 aw, which were 

the highest of the selected temperature and water activity conditions in this experiment 

(Table 3.3.4). Although this is the first study comparing the growth of A. welwitschiae 

isolated from Australian grapes under varied temperature and the water activity 

conditions, this has previously been studied for A. niger isolates collected from Australian 

vineyards, which were known to produce OTA. This study demonstrated that A. niger 

had the maximum growth rate at 35 °C and 0.98 aw (Leong et al., 2006d). Similarly, 

research conducted in relation to A. niger isolates from overseas vineyard locations 

showed that A. niger achieved optimum growth under high temperatures (30 - 35 °C) and 

water activity levels (0.95 - 0.99aw) (Abarca et al., 2019). Less is known about the growth 

of A. welwitschiae under different environmental conditions. In a recent investigation, the 

growth of A. niger and A. welwitschiae were assessed under varied temperature and water 

activity conditions in three different media including SGJM and it was found that both 

species grow faster under high temperature (35 °C) and high water activity conditions 

(0.98 - 0.99 aw) (Abarca et al., 2019). These findings and the findings from the present 

study shows that both A. niger and A. welwitschiae may occur under similar 

environmental conditions in the vineyards. 

 

3.4.2.2 Fumonisin production 

Fumonisin production by both A. niger strains and A. welwitschiae was greatest between 

20 - 25 °C and 0.97 - 0.98 aw (Figure 3.3.6). Ecological requirements for fumonisin 

production has previously been studied for European A. niger using CYA amended with 

glycerol, sucrose and NaCl. According to their findings, fumonisin production was 
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greatest between 0.98 - 0.99 aw and 20 - 30 °C depending on the strain (Mogensen et al., 

2009). These minor differences observed in temperature and water activity levels for 

optimum fumonisin production in two studies must be related to the origin of the isolates 

or the culture media used to assess the isolates. This type of variation has been observed 

for OTA production by Aspergillus spp. collected from different vineyard locations 

(Esteban et al., 2004; Esteban et al., 2006b; Leong et al., 2006d; Passamani et al., 2014). 

However, it is worth mentioning that, in the current study, the maximum water activity 

used to assess the isolates was 0.98 aw, and therefore, one could presume that the isolates 

from the current study may produce more fumonisins at water activity levels greater than 

what was chosen in this study. However, grape berries are more susceptible to Aspergillus 

infection after veraison with the increase of berry sugar levels (Hocking et al., 2007; 

Somma et al., 2012). During this period, the water activity of the grape berries have been 

found to change from 0.98 - 0.95 aw (Leong et al., 2006d), and therefore, it is of little 

value to examine fumonisin production under water activity levels higher than 0.98 aw. 

Overall, data from this study suggests that fumonisin production may occur in grapes 

grown under different agro ecological zones, however, the agro ecological zones with 

temperature ranges between 20 - 25 °C may be more conducive for fumonisin 

contamination.  

In the current study, A. welwitschiae was predicted to produce considerable amounts of 

fumonisins (2 - 10 mg/kg) in SGJM with low water activity levels (0.95 - 0.93 aw) and 

under a wide range of temperatures (20 - 33 °C) (Figure 3.3.7). This indicates that 

fumonisins can be accumulated in food products with low water activity levels during 

storage under various temperature conditions. Fumonisins have been detected in raisin 

samples collected from supermarkets (Knudsen et al., 2011), however the amounts 

detected in this study were considerably lower (1.5 - 14.3 µg/kg) than the amounts 

detected by Varga et al. (2010) (4.5 - 35.5 mg/kg). These differences may be related to 
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differences in the origin of the dried vine fruit samples, which may be related to the origin 

of the Aspergillus strains or the time duration that these samples had been contaminated 

with the relevant strains. Research related to OTA has shown that OTA is degraded after 

they reach their maximum amount, and this is believed to be due to the degradation of 

OTA by the fungus itself (Bejaoui et al., 2006). However, no studies have been conducted 

in relation to accumulation of fumonisins in food commodities contaminated with 

Aspergillus spp. over time. Given that in the current study, A. welwitschiae produce 2 - 

10 mg/kg of fumonisins over 7 days in SGJM with 0.95 - 0.93 aw, there is a potential to 

accumulate high amounts of fumonisins over longer duration unless fumonisins are not 

degraded over time. Thus more work needs to be conducted to investigate the fate of 

fumonisins in grape products stored for greater lengths of time. The knowledge gained 

from such studies will be useful in assessing the fumonisin contamination in food 

products with low water potential such as dried vine fruits.  

 

3.5 Conclusions 

In summary, A. niger and A. welwitschiae were identified as the species responsible for 

production of fumonisins in Australian wine grapes. Among the isolates tested, A. 

welwitschiae produced significantly higher amount of fumonisins than A. niger. 

However, the number of vineyards surveyed and the isolates collected are not sufficient 

to draw a stronger conclusion on the differences in fumonisin production between A. niger 

and A. welwitschiae.  

Ecological data suggested that both A. niger and A. welwitschiae grow under high 

temperature and high water activity conditions, however, fumonisin production was 

shown to be limited under high temperature conditions. Two A. niger strains produced 

low amounts of fumonisins under all treatment conditions compared to A. welwitschiae. 
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Also, A. welwitschiae was shown to produce fumonisins under a wider range of 

temperature and water activity levels suggesting variability among the Aspergillus strains 

for fumonisin production. Further research using a large number of isolates representing 

vineyards with different weather conditions may be useful to identify the risk of 

fumonisins for Australian grapes and grape-derived products.
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Chapter 4 

Fate of fumonisins during white wine vinification 

4.1 Introduction 

Mycotoxin contamination in food commodities has been a major health concern for many 

decades (Shephard, 2008). Investigations have been conducted to identify the 

implications of food processing techniques in removal of mycotoxins found in food 

products (Inoue et al., 2013; Leong et al., 2006a; Moss et al., 2002). Such studies are 

important in mitigation of mycotoxin contamination in food products, thereby 

eliminating the risk associated with mycotoxin contamination.  

Wine can be potentially contaminated with a number of mycotoxins as a result of 

fungal infections of grapes (Chulze et al., 2006; Khoury et al., 2008; Logrieco et al., 

2010; Mogensen et al., 2010b; Serra et al., 2005b; Zimmerli et al., 1995). Of these, 

OTA is the most commonly found toxin in wine (Paterson et al., 2018; Serra et al., 

2005b). The implications of OTA during vinification have been studied using different 

models (spiked samples and infected grapes) for both red and white grape varieties to 

understand the major processes responsible for the removal of OTA during 

vinification. Consequently, research has shown that solid separation is the major 

contributing process in reduction of OTA during vinification with highest removal 

being noticed at initial separation of marc (pomace). However, the amount of OTA 

removed during vinification is known to be affected by many factors such as grape 

variety, wine style, yeast strain and the initial concentration of OTA (Fernandes et al., 

2007; Leong et al., 2006a; Ponsone et al., 2009; Ratola et al., 2005).  

FB2 is the most recently identified mycotoxin from wine, as a result of infection of grapes 

by Aspergillus spp. The presence of FB2 in wine is problematic as the toxin has been 
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found to have various health implications for humans. Lewis (2016) studied the role of 

vinification in removal of fumonisins using must samples of two cultivar (Carlos & 

Noble) of V. rotundifolia (muscadine) grapes spiked with FB2. Interestingly, a large 

portion of FB2 was removed during different stages of vinification and only a little 

portion (20 - 30%) was found in wine samples after fermentation. The fate of fumonisin 

during the wine making process hasn’t been investigated previously for different cultivars 

of V. vinifera grapes.  

Fumonisins are amenable to hydrolysis in some food commodities under certain food 

processing conditions (Jackson et al., 1996a; Jackson et al., 1996b; Lewis, 2016). 

Lewis (2016) identified hydrolysed products of FB2 after storage of muscadine grape 

juice at a range of temperature conditions (-20 °C, 4 °C, 20 °C) over an 8 month period. 

Storage is a general requirement of any wine production processes. Although, some 

reduction of FB2 has been reported during cold stabilisation of wine at 4 °C (Lewis, 

2016), no studies have been carried out to investigate the potential of FB2 to be 

hydrolysed during wine storage. Although, the toxicity of the hydrolysed products of 

fumonisins are yet to be fully evaluated (Seiferlein et al., 2007), some studies have 

demonstrated that these products could also be as cytotoxic as the parent compounds 

(Hartl et al., 2000). Therefore, the presence of hydrolysis products of FB2 may need to 

be investigated in wine after storage to identify the actual health risk posed by fumonisins 

for wine consumers.  

Elimination of mycotoxins, particularly OTA, in wine has been approached in several 

instances using fining agents that are regularly used in clarification of wine (Carrasco-

Sánchez et al., 2017; Castellari et al., 2001; Leong, 2005; Mine Kurtbay et al., 2008; Var 

et al., 2008). Removal of fumonisins from red wine has been studied using polymeric 

compounds (Carrasco-Sánchez et al., 2017), however, application of these agents in 
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removal of fumonisins from white wine is yet to be explored. Wineries use fining agents 

for a range of purposes (Morris et al., 1995; Quintela et al., 2012; Quintela et al., 2013) 

and therefore, exploration of these agents in removal of fumonisins within the dosage 

recommended by the wine industry may be desirable for commercial usage.  

 The aims of this present work were to investigate the changes in fumonisin 

concentrations over different stages of Chardonnay wine vinification to determine the 

amount of fumonisins transferred into wine if grapes were infected with fumonisin-

producing Aspergillus isolates. The influence of wine storage and handling conditions on 

the stability of fumonisins was also studied to determine the impact of these factors on 

elimination of fumonisins in white wine. Additionally, the effects of fining agents within 

the dosage recommended for clarification of white wine was also studied to investigate 

their impact for fumonisin removal. To accomplish the objective related to vinification, 

V. vinifera (cv Chardonnay) grapes were selected as this cultivar is the predominant white 

wine grape variety grown in Australia (http://www.abs.gov.au) and other wine producing 

countries. Furthermore this cultivar is susceptible to infection by mycotoxin producing 

strains of Aspergillus spp. (Leong, 2005). Likewise, Chardonnay wine was used to study 

the stability of fumonisins and the effects of fining agents on removal of fumonisins.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
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4.2 Methods  

4.2.1 Preparation of spore suspension  

The spore suspension for the inoculation of grapes was prepared as previously described 

in Chapter 2 under general material and methods, using a fumonisin-producing A. 

welwitschiae isolate (YO 1.2) identified in the present study (Chapter 3). The 

concentration of the spore suspension was adjusted to 1×107 spores / mL using sterile 

distilled water by counting the spore number with an aid of a hemocytometer. 

 

4.2.2 Inoculation and incubation of grape bunches for wine making 

V. vinifera (cv Chardonnay) grape bunches (average 12.2 °Baume) were collected from 

an apparently disease-free vineyard (as determined by visual inspection) in southern 

NSW (Gundagai), Australia. Bunches were visually inspected and berries with signs of 

infection or damage (cracks, sun burn) were removed. Bunches were surface sterilised 

using sodium hypochlorite (1.0% v/v, plus 0.05% v/v Tween 80® 2 min.) and rinsed three 

times with sterile distilled water. Approximately 30 berries from each bunch were 

wounded by puncturing using a sterile needle (26 G). Whole bunches were then dipped 

in a beaker containing 500 mL of the spore suspension prepared in distilled water as 

described in Chapter 2 . Excess suspension was allowed to drain from the bunches prior 

to placing them inside pre-sterilised boxes. Bunches were arranged on a sterilised wire 

rack placed in a disinfected plastic container such that the bunches did not touch each 

other (Figure 4.2.1). To achieve high humidity, 300 mL of sterilised distilled water was 

added into each container prior to sealing the boxes. However, humidity level of each of 

the boxes was not measured. Incubation of bunches was conducted in a growth chamber 

in the dark, and initially the temperature of the growth chamber was set to 30 °C to achieve 

better growth. After three days, the temperature was reduced to 25 °C and the incubation 

was continued for an additional four days to facilitate further growth of the fungus. 
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Control, uninfected bunches (about 2 kg/replicate) were punctured in a similar manner, 

dipped in sterilised distilled water and incubated under the same conditions as described 

above for the inoculated bunches.  

 

 

Figure 4.2.1 Grape bunched arranged on a wire mesh and placed in a plastic box prior to 

incubation; a 300 mL of sterilised water was added into each box to maintain the humidity 

level; the boxes were sealed upon addition of water 

 

4.2.3 Constituting disease severity levels 

Among the inoculated bunches, approximately 30 bunches were selected with similar 

infection levels based on visual appearance. Three infection levels (low-25% infected, 

medium-50% infected, high-100% infected) were artificially constituted by mixing 

healthy bunches with infected bunches on a weight to weight basis (Figure 4.2.2). Each 

sample consisted of approximately two kilograms of bunches. There were three replicates 

for each of the four disease severity levels. Healthy grapes prepared as described under 

the section 4.2.2 were used as the 0% infected. 
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Figure 4.2.2 Healthy (0% infected) (A) and Aspergillus infected grapes (100% 

infected) (B) used for wine making 

 

 

4.2.4 Vinification 

All activities related to vinification were conducted at the C.D. Blake Experimental 

Winery at the National Wine and Grape Industry Centre (NWGIC) at Charles Sturt 

University. To extract juice, grape samples from each severity level were pressed using a 

hydraulic press (Stow and Sons, Bristol, UK; Figure 4.2.3) and juice was collected 

separately into 1 L Schott bottles. Each sample was pressed three times with similar 

pressure (2 bar). The control samples were pressed first and the rest of the samples were 

pressed starting with the grapes with lower level of infection. The chamber of the press 

was thoroughly washed with distilled water between pressings of each severity level. 

Marc (skins, stems and seeds) were separately collected for each severity level and stored 

at -20 °C, prior to extraction of fumonisins.  

Potassium metabisulphite (PMS; Fermich, Queeensland, Australia) was added (w/v) to 

generate 60 ppm SO2 in juice. The juice samples were overlaid with nitrogen gas, and 
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kept in a cold room at 4 °C for 24 hours to precipitate solids. Baume was measured using 

a DMA 35 N Anton Paar GmbH portable density meter, (Graz, Austria). The pH of the 

samples were adjusted to 3.3 by adding tartaric acid. The juice samples were inoculated 

with Saccharomyces cerevisiae (DV10; Eaton, Dublin, Ireland) at a rate equivalent to 

0.25 g of dry yeast per litre of juice, and nutrient (Winequip, Australia) at a rate of 0.3 g 

per litre of juice was also added. Fermentation was carried out at 16 ± 2 °C, and the Baume 

and the temperature were measured daily to monitor the fermentation. Di-ammonium 

phosphate (DAP) was added during fermentation to provide nutrient for yeast growth as 

required. When the TSS (total soluble solids) was reduced to below 0.1%, the wine was 

racked and PMS (w/v) was added to generate 60 ppm SO2 in the juice to prevent further 

fermentation. A second racking was performed as required, and PMS (w/v) was added to 

bring SO2 to 25 ppm. The bottles were overlaid with CO2 and held at 4 °C for cold 

stabilisation for 30 days. At this time wine samples were analysed for pH, TA, ethanol 

content, free SO2 and total SO2 (Appendix 4).  

 

   

 

Figure 4.2.3 Pressing Chardonnay grapes using a hydraulic press to extract juice 
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4.2.5 Sampling 

After pressing, marc was separately collected for each replicate, from all disease severity 

levels, to estimate the amount of fumonisins from a kilogram fresh weight of grapes, and 

to estimate the amount of fumonisins removed during solid separation. Similarly, juice or 

wine samples were collected after pressing, after fermentation, and after cold 

stabilisation. Samples of lees were also retained after racking to estimate how much 

fumonisin was removed with lees. All samples were stored at -20 °C before analysis of 

fumonisins. Figure 4.2.4 shows a summary of the wine production and sampling process 

followed in this study. 
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Figure 4.2.4 Schematic representation of major steps in white wine making and 

sampling process used in this study; control - 0% infected, low - 25% infected, 

medium - 50% infected, high - 100% infected 

 

 

4.2.6 Extraction and analysis of fumonisins  

Fumonisins were extracted from 1 mL of juice samples with 4 mL mixture of MeOH 

/ H2O 3/1 (v/v) by shaking at 120 rpm for an hour. Extractions of fumonisins from lees 

and marc were also conducted similar to juice using 5 mL methanol with 1 g of lees 

or marc. All samples including wine were filtered using regenerated cellulose (RC) 

0.2 µm syringe filters directly into HPLC vials and stored at -20 °C until LC-MS/MS 

analysis. LC-MS/MS analysis of all samples was conducted as reported in Section 2.4. 

To compensate the matrix effect in quantification of fumonisins, matrix match 

calibration curves were prepared separately for juice, wine, lees and marc. All 

calibration curves showed good linearity, using FB2 standards (Sigma-Aldrich, 

Australia) and spiked samples, with determination coefficients (R2) better than 0.98 



84 

 

for all analyses. Where necessary, quantification of fumonisin B4 (FB4) was 

conducted using the same calibration curve used for FB2, as FB4 standards were not 

commercially available. FB4 concentrations are therefore reported as FB2 equivalents. 

The recovery values for each matrix were conducted by spiking known amounts of 

FB2 prior to the extraction of the sample (as reported above). The recoveries for juice, 

lees and marc were 92%, 42% and 30% respectively.  

The limit of detection (LOD) for FB2 was calculated using the equation, LOD = 

(3.3*SD/b) (SD-standard deviation of the noise for ten blank measurements, b-slope 

of the calibration curve) and limit of quantification was calculated using the equation, 

LOQ = (10*SD/b) (Shrivastava et al., 2011). Table 4.2.1 shows the LOD and LOQ 

calculated for each matrix.  

Since fumonisins are considered to be hazardous, safety measure were adopted during 

all manipulations. Protective clothing was worn during handling, and all preparations 

were conducted in a fume hood. The benches and other matrix residues were 

decontaminated by soaking for at least 30 min in sodium hypochlorite (approximately 

10% v/v).  

 

Table 4.2.1 LOD and LOQ for juice, wine, lees and marc. 

Matrix LOD (µg/kg) LOQ (µg/kg) 

Juice 0.16 0.48 

Wine 0.07 0.25 

Lees 0.25 0.90 

Marc 0.25 0.95 
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4.2.7 Stability of fumonisin in white wine during storage 

To study the stability of fumonisins during wine storage, 200 mL of Chardonnay wine 

(commercial) (pH 3.2, ethanol 12.0%) was spiked with FB2 (1 mg/L), aliquoted into 2 

mL HPLC vials, and incubated at 13 ± 2 °C and 25 ±1 °C. The temperature, 25 °C was 

chosen in this study, as wine samples are exposed to high temperature conditions during 

transportation and handling, however, such temperature conditions can have negative 

impacts on wine quality.  

Vials were collected in duplicates every month for six months and stored at -20 °C until 

analysis for fumonisins. The experiment was continued for nine months and at the end of 

the study, samples were analysed for FB2 and hydrolysed FB2 (HFB2) using LC-MS/MS 

as described in Chapter 2. Quantification of FB2 was conducted using a matrix match 

calibration curve prepared as described in Chapter 2. The unavailability of a commercial 

HFB2 standard was overcome by hydrolysing an FB2 pure standard in 1 M KOH 

according to the method described by Pagliuca et al. (2005). Figure 4.2.5 shows the 

chemical structure for FB2 (A) and HFB2 (B) (hydrolysed FB2). HFB2 was used to assign 

retention time and MS/MS parameters, to verify if HFB2 was detectable in the stored 

wines. 
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Figure 4.2.5 Chemical structures of (A) fumonisin B2 and (B) hydrolysed 

fumonisin B2 (sourced from Gazzotti et al., 2011) 

 

4.2.8 Effects of fining agents in removal of FB2 

4.2.8.1 Wine samples 

A commercial bottle of Australian Chardonnay wine (2018 vintage, pH 3.2, ethanol 

12.0%) without detectable amounts of fumonisin (as tested before spiking) was spiked 

with FB2. The concentration of FB2 in the wine was adjusted to 1 mg/L. The spiked wine 

sample was aliquoted into 20 mL glass vials (5 ml wine per vial) and stored at -20 °C 

until required. Wine samples were kept at 4 °C overnight before fining agents were added 

into the samples. Upon addition of the fining agents, the samples were incubated at 20°C 

in dark as described under section 4.2.8.4 

 

4.2.8.2 Preliminary screening 

Preliminary screening of the fining agents was conducted to identify the most effective 

agents for the removal of FB2 in white wine and to identify the required contact time. 

The fining agents, calcium bentonite and polyvinylpolypyrrolidone (PVPP), 
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(recommended by the Australian Wine Research Institute (AWRI) for clarification of 

white wine) (Fining agents, 2018, June 10), were used at maximum recommended 

concentrations. Activated charcoal, was used at half the maximum recommended 

concentration as this concentration proved to be sufficient for removing approximately 

100% of FB2 in white wine as identified in preliminary studies conducted within this 

study (results not shown). A relatively new fining agent, Qi NO (OX) (Winequip, 

Australia), which is a non-allergenic polysaccharide of non-animal origin, was used at the 

maximum concentration recommended for white wine by the manufacturer. For yeast 

hulls, there is no maximum recommended concentration, and therefore the concentration 

of 1 g/L was used according to Zara et al. (2014).  

To determine the contact time required to remove FB2 from white wine, each fining agent 

was allowed to have contact with FB2 for two different time periods (24 hr & 48 hr).  

Table 4.2.2 shows the fining agents tested and their concentrations used in the experiment.  

 

Table 4.2.2 Fining agents and their concentrations tested in 

removal of FB2 from white wine. 

 

Fining agent Concentration (g/L) 

Activated charcoal 1 

Calcium bentonite 1 

NO (OX) 0.6 

PVPP 0.8 

Yeast hulls 1 

 

 

4.2.8.3 Effects of the concentration of fining agents in removal of FB2 

To find the effects of the concentration of fining agents on FB2 removal, the agents with 

more than 50% FB2 removal capacity as identified in preliminary screening were further 
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tested in three concentrations. The contact time was selected based on the results from 

the preliminary screening.  

 

4.2.8.4 Experimental conditions and LC-MS/MS analysis 

All experimental samples were incubated in the dark at 20 °C and under agitation at 70 

rpm. Control samples without fining agents were subjected to the same experimental 

conditions. Samples were prepared in triplicate. At the end of the allowed incubation time, 

the samples were filtered through 0.2 µ RC syringe filters (Phenomenex, NSW, Australia) 

and analysed with LC-MS/MS as described in the Chapter 2. Quantification of FB2 was 

conducted using a matrix-match calibration curve prepared as described in Chapter 2.
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4.3 Results 

4.3.1 Effects of A. welwitschiae infection on appearance, total soluble solids and 

titratable acidity of Chardonnay grapes and juice 

In inoculated bunches, A. welwitschiae grew from the site of wounding on the berries and 

produced browning of the berry surface as the fungus grew and eventually sporulated. 

Five days after inoculation, some berries became detached from the pedicel. Inoculated 

berries with no wounding remained uninfected (Figure 4.3.1). The juice from infected 

grapes was highly pigmented and the juice yield was approximately 8% higher compared 

to the control. The Baume of the juice from infected and uninfected grapes was measured 

to be 10.2 ± 0.4, and 12.2 ± 0.4, respectively. TA was higher in juice from infected grapes 

(9.6 ± 0.2 g/L) than the control (4.1 ± 0.1 g/L) (Appendix 5).  

 

 
 

Figure 4.3.1 Grape bunches used for wine making; A - uninoculated bunches, B – A. 

welwitschiae inoculated bunches 3 days after inoculation, C – A. welwitschiae 

inoculated bunches 7 days after inoculation. 

 

 

 

4.3.2 Fumonisins from infected grapes  

The average amount of fumonisins (FB2 & FB4) from a kilogram of grapes was 

calculated for each infection level (low, medium, and high) and control by combining the 

average amounts found in the marc and juice samples. Although the amount of fumonisins 
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increased with increasing levels of berry infection, this was not proportional as estimated. 

The amount of FB4 found in all samples was relatively low, and was in a range of 20-

40% of the total amount of fumonisins found in the grape samples (Table 4.3.1).  

 

 

Table 4.3.1 Mean fumonisin content of grapes samples used for wine making as 

calculated using the amount present in juice and marc. 

 

  

Infection level of grapes *Mean fumonisin content in grapes 

(µg/kg) 

  

FB2 FB4   

Control N.D N.D.   

Low 118 (±35) 99 (±18)   

Medium 166 (±15) 122 (±35)   

High 465 (±86) 127 (±29)   

*mean fumonisin content in grapes was calculated by using the fumonisin content found 

in juice and marc from a kilogram of grapes; ± standard deviation for three replicates;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

N.D., not detected; control - 0% infected, low - 25% infected, medium - 50% infected, 

high - 100% infected. 

 

 

4.3.3. Fumonisins during vinification 

Figure 4.3.2 shows the fate of fumonisin during white wine production. The amount of 

fumonisins was calculated in each matrix (marc, juice, lees, wine) to express the amount 

of total fumonisins from a kilogram of grapes by taking the mass of each matrix into 

consideration. FB4 was detected in marc samples from all infection levels of grapes, 

however, in other samples (juice and lees), FB4 was only detected from the medium and 

high infection level of grapes. When it was quantifiable, the amount of FB4 was about 15 

to 40% of the total amount of fumonisins.   
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The results from all infection levels of grapes showed that a large portion of fumonisins 

was removed with the marc, which is separated after the grapes are pressed. The average 

percentage of fumonisins removed with the marc was calculated to be 86 ± 4%. Juice 

samples contained an average of 14 ± 4% of fumonisins that were found in grapes, 

however, wine samples after fermentation contained only 3 ± 0.3% of fumonisins that 

were found in grapes.  

Fumonisins were detected in juice and wine from all infection levels of grapes used for 

wine making. As observed with marc, the highest amount of fumonisins were detected 

from the high infection level of grapes and the lowest was observed for low infection 

level of grapes.  Wine after fermentation and final wine from control grapes with no signs 

of Aspergillus infection had a small amount (1 µg/kg) of fumonisins (Figure 4.3.2). Juice 

sample data from all infection levels showed that about 20 ± 5% of fumonisins found in 

the juice transferred into the wine. However, the lees sample, separated after 

fermentation, contained only about 45 ± 15% of fumonisins found in the juice. The 

possible reasons for this discrepancy will be discussed later in the discussion (Section 

4.4).  

Fumonisin content in wine was analysed after cold stabilisation at 4 °C for 30 days. The 

amount of fumonisin in wine samples from all infection levels of grapes was almost 

similar to the amount found in wine after fermentation (Figure 4.3.4). 

Overall, the results showed that solids (marc and lees) separation leads to removal of 

about 90% of fumonisins found in grapes and only about 3% is passed into wine. 

Approximately, 7% of fumonisins were not detected in any of the matrices.  
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Figure 4.3.2 Fate of fumonisins during vinification of Chardonnay grapes; the amount of fumonisins (FB2 & FB4) present in marc, juice, wine and lees 

from a kilogram of grapes; ± standard deviation for three replicates; N.D., not detected 
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Figure 4.3.3 Changes in mean fumonisin content of juice and wine samples from grape 

with different percentage of infection; error bars denote the standard error of the mean of 

three replicates; Control - 0% infected grapes, low - 25% infected grapes, medium - 50% 

infected, high - 100% infected grapes. 
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Figure 4.3.4 Changes in fumonisin content in wine; amount of fumonisin from a 

kilogram of grapes with different percentage of infected grapes; error bars denote the 

standard error of the mean of three replicates; control - 0% infected; low - 25% infected, 

medium - 50% infected, high - 100% infected. 

 

 

 

4.3.4 Stability of fumonisins in wine  

Figure 4.3.5 shows the stability of FB2 in Chardonnay wine incubated at 13 ± 2 °C and 25 ± 

1 °C for a nine month period. FB2 concentration was stable up to five months in wine samples 

incubated at 13 °C whereas, at 25° C, FB2 concentration showed a gradual reduction up to 

five months, followed by a rapid decrease, reaching 0.08 mg/L by the end of nine months. 

The overall decrease in FB2 concention was about 14% and 42% for the wine samples 

incubated at 13 °C and 25 °C, respectively.  

Wine samples incubated at 25 °C, which showed a reduction of FB2, were analysed for 

hydrolysis products by LC-MRM-MS (Figure 4.3.6). This analysis was undertaken in an 
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attempt to identify if indeed it was hydrolysis that led to the reduction of FB2 during the 

incubation time. However, none of the wine samples showed a peak related to the hydrolysis 

product of FB2.  

 

 

Figure 4.3.5 Concentration of fumonisin B2 (FB2) during storage of Chardonnay wine at 

two temperature conditions; error bars denote the standard error of the mean of three 

replicates. 
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Figure 4.3.6 LC-MRM-MS chromatograms of (A) HFB2 and (B) FB2 showing peaks at 

5.6 minutes and 6.3 minutes, respectively. 

 

 

4.3.5 Effects of fining agents on removal of FB2 from white wine 

4.3.5.1 Preliminary screening 

Table 4.3.2 shows the effects of five fining agents in removal of FB2 from white wine. 

Activated charcoal was the most effective agent in removing FB2 from white wine, with 

approximately 100% of FB2 removed in both contact times. The second most effective agent 

was calcium bentonite, with 72% and 81% of FB2 removed in samples treated for 24 and 48 

hours respectively. Yeast hulls was able to remove 22% and 35% of FB2 after 24 and 48 

hours contact times, respectively. 

PVPP and NO (OX) were different to the other agents in that they achieved maximum 

percentage of removal, 26% and 10% respectively, after 24 hours contact time. 



97 

 

Among the five fining agents tested, activated charcoal and calcium bentonite were the most 

effective agents in removal of FB2 in white wine. Therefore, these two agents were further 

tested at three concentrations (low - 0.25 g/L, medium - 0.5 g/L, high - 1 g/L) to investigate 

their capability in removing FB2 at lower concentrations than those used in preliminary 

screening. The contact time of 48 hours was used for this experiment, as with bentonite, the 

highest FB2 removal was achieved after 48 hours of treatment (p>0.05), although the 

percentages of FB2 removal in two contact times were not significantly different for activated 

charcoal (p>0.05).  

 

 

 

Table 4.3.2 Effects of fining agents in removal of FB2 (1 g/L) after 24 hours and 48 hours 

treatment. 

 

Fining agent % of removal 

24 hr 48 hr 

Activated charcoal (1g/L) 99.1 (±0.2)a 99.8 (±0.1)a 

Calcium bentonite (1g/L) 71.7 (±1.2)a 80.6 (±0.2)b 

NO (OX) (0.6 g/L) 10.3 (±0.4)a 0.0 (±0.0)b 

PVPP (0.8 g/L) 25.5 (±3.1)a 18.3 (±1.9)b 

Yeast hulls (1 g/L) 21.5 (±2.0)a 35.2 (±3.5)b 

± Standard deviation (n = 3); same letters horizontally indicate no statistical differences as 

analysed using least significant difference test (LSD) (p= 0.05). 
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4.3.5.2 Effects of bentonite and activated charcoal in removal of FB2 in Chardonnay 

wine 

The effects of three concentrations of calcium bentonite and activated charcoal in the removal 

of FB2 in Chardonnay wine (Figure 4.3.7) were investigated. Both calcium bentonite and 

activated charcoal were effective in removing FB2 in white wine as observed in the 

preliminary screening. For calcium bentonite, the percentage of FB2 removal significantly 

increased with increasing concentrations of the fining agent. However, for activated charcoal, 

this increment was only significantly different between samples treated with low (0.25 g/L) 

and medium concentrations (0.5 g/L) of fining agent. Overall, the application of activated 

charcoal at eight times less concentrated than the maximum recommended by AWRI for 

clarification of wine, was sufficient in removing 80% of FB2. To achieve similar results with 

bentonite, the maximum concentration recommended by AWRI was required.
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Figure 4.3.7 The percentage of FB2 removal with varying concentrations of bentonite and 

activated charcoal. Same letters within each panel indicate no statistical differences as 

analysed using least significant difference test (LSD) (p = 0.05); low - 0.25 mg/L, medium - 

0.5 mg/L, high - 1.0 mg/L 
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4.4 Discussion 

Aspergillus infected grape bunches for wine making were obtained by inoculating 

Chardonnay grapes bunches with a spore suspension of A. welwitschiae, an isolate identified 

in this study with the ability to produce fumonisin in SGJM (Chapter 3). The presence of 

wounds on the berry skin was needed to facilitate infection as the fungus appeared to grow 

only on the berries that were wounded prior to inoculation. Similarly, previous studies have 

also shown the importance of wounds on the grape berry skin for infection by Aspergillus 

spp. (Leong, 2005; Lorenzini et al., 2018). As observed using scanning electron microscopy, 

grape berries with minor cracks allow germination and hyphal growth of filamentous fungi 

including Aspergillus (Lorenzini et al., 2018). In contrast, Lewis (2016) found that prior 

wounding was not necessary for infection by A. niger on V. rotundifolia grapes. While this 

could be related to the biochemical differences between V. rotundifolia and V. vinifera, there 

is no research information to back up such phenomenon.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Juice samples from Aspergillus infected grapes had lower TSS and elevated TA compared to 

uninfected grapes (control). Lower TSS from infected grapes may be due to the depletion of 

the nutrients by the fungus during growth and metabolism on the berries (Steel et al., 2013). 

In contrast, higher TSS has been reported for juice samples from Chardonnay grapes infected 

with A. carbonarius, potentially due to berry shrinkage as a result of the infection. However, 

in the current study, A. welwitschiae infection did not cause berry shrinkage (assessed 

visually) over the incubation period of 7 days. Aspergillus spp. are known to produce organic 

acids such as citric and gluconic acid during their metabolism (Leong, 2005; Schuster et al., 

2002; Steel et al., 2013), and the higher TA in juice samples from inoculated grapes could be 

related to the presence of these acids. 
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The most notable change in the amount of fumonisins during white vinification occurred 

when grapes were pressed, where 86% (average calculated for three infection levels of 

grapes) of fumonisins found in grapes were removed with marc. Previous investigations 

related to the effects of white vinification on the removal of OTA have revealed that about 

80% of OTA is removed with the marc and 20% is passed into juice (Leong et al., 2006a). 

On the other hand, Lewis et al. 2016 investigated the fate of FB2 using must samples from 

non-Vinifera grapes (V. rotundifolia; cv Carlos & Noble) spiked with FB2 and the results 

showed that there was an increase in FB2 in juice samples compared to that in must samples, 

and that was presumed to be due to the natural contamination of the grape samples with 

fumonisins. However, Lewis et al. 2016 did not perform mass balance in calculating the 

concentration of FB2 and that would also have partly contributed to overestimation of the 

FB2 content in juice samples.  

The second most important step in white vinification, which contributed to the removal of 

fumonisins, appeared to be solid separation (racking) after fermentation. After racking, 80% 

of fumonisin found in juice samples were lost. Lewis (2016) reported a maximum of 77% 

loss of FB2 in white wine after racking during vinification of V. rotundifolia (cv Carlos 

grapes). Similarly, fermentation resulted in the removal of almost all FB1 from contaminated 

corn samples mainly through binding into by-products that were removed after fermentation 

(Bothast et al., 1992). Likewise, removal of solids after fermentation resulted in reduction of 

the amount of OTA in red, white and rose wines (Gil-Serna et al., 2018; Lasram et al., 2008; 

Leong et al., 2006a; Leong, 2005), however, the percentage of OTA removed was relatively 

low compared to fumonisins. This difference may be attributed to the differences in the 

chemical structure of the two toxins, which may have some impacts on binding mechanisms 

to solid particles, such as dead yeast cells.  
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A small amount of fumonisins (approximately 1 µg) were detected from all the control wine 

samples. In contrast, no fumonisins were detected from juice samples from control grapes. 

Research related to OTA has found that filtration of wine through 0.45 µ filters lead to a 

reduction of 80% of the amount OTA found in wine (Gambuti et al. 2005). In this study, 

juice sample were filtered using 0.2 µm syringe filters prior to LC/MS-MS analysis which 

would have possibly removed the minor amount of fumonisins remained in juice. 

Nevertheless, during fermentation, the amount of fumonisins found in the original juice 

samples would have passed into wine due to the increase of ethanol content in the ferments. 

Research has shown that the equipment used in vinification may be also a source of 

contamination of wine with OTA (Gil-Serna et al., 2018). However, in the current study, all 

the equipment used for vinification were clean and, therefore, this is not a possible reason for 

the presence of fumonisins in control wine samples. 

In the present study, it was observed that about 55% of fumonisins found in juice samples 

were not detected in lees samples after fermentation. This represents about 7% of the total 

fumonisins found in grape samples. It is likely that some fumonisin would have been lost due 

to the biological or chemical transformation during fermentation as previously noted for other 

fungal toxins (Abrunhosa et al., 2002; Baxter et al., 2001; Scott et al., 1995; Völkl et al., 

2004). Another possibility is that some fumonisins may have remained with minor 

sedimentation, which was noted in wine samples after cold stabilisation, and that was 

removed during filtration of wine samples before the LC-MS/MS analysis. Nevertheless, in 

the present study, most of the fumonisins found in grapes samples were recovered from marc 

and lees (90 %), and only 3 % passed into wine.  

Cold stabilisation of wine samples for 30 days at 4 °C had negligible effect on reduction of 

fumonisins in the wine samples. This is in agreement with previous studies that fumonisins 
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are less prone to be degraded under low temperature conditions during storage (Lewis, 2016; 

Visconti et al., 1994).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Data from the experiment on stability of FB2 indicated that it was less stable at 25 °C 

compared to 13 °C in Chardonnay wine (pH 3.2), however neither temperature was influential 

enough to completely eliminate FB2 over the storage period of eight months. At 25 °C, the 

rate of reduction of FB2 was slightly higher than at 13 °C and, therefore storage for another 

four months at 25 °C may completely remove FB2 in wine samples. However, at 13°C, at 

least six months extra storage may be required to achieve complete removal. Nevertheless, 

long storage of white wine was found to have negative effects on flavour and aroma, 

depending on the style of wine (Cejudo‐Bastante et al., 2013; Recamales et al., 2011). 

Therefore, storage of wine samples may not be an effective method for eliminating 

fumonisins from wine.  

As the vinification did not eliminate all fumonisins found in grapes, removal of fumonisins 

in white wine was attempted using commercial fining agents that are commonly used for 

clarification of white wine. Among the five agents tested, activated charcoal was the most 

successful agent in elimination of FB2 in wine. Activated charcoal also proved to be effective 

in elimination of ochratoxin A and off flavour compounds in wine (Behr et al., 2013; 

Castellari et al., 2001; Leong et al., 2006c; Var et al., 2008). However, its usage in high 

concentrations has been reported to have negative impacts on wine quality parameters 

(Quintela et al., 2013). Nevertheless, in the present study, it was shown that activated 

charcoal at 0.25 mg/L was sufficient in removing 80% of FB2 in wine within 48 hr 

incubation. Other studies have shown that 80 - 100% removal of OTA can be achieved using 

activated charcoal at concentrations between 0.5 - 1 mg/L depending on the concentration of 
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OTA in wine and the incubation period (Var et al., 2008). Therefore, the results obtained 

from this study suggest that activated charcoal can be used to eliminate both OTA and 

fumonisins within the concentrations recommend by AWRI for clarification of white wine.  

Calcium bentonite was the second most effective agent in removal of FB2 in white wine. In 

the wine industry, calcium bentonite is commonly used to remove excess protein that can 

result in haze formation in wine (Chagas et al., 2012). The current recommended dosage for 

calcium bentonite for the purposes of fining wine in Australia ranges from 0.2 - 1 g/L. Based 

on the results from this study, calcium bentonite when applied at a rate of 1 g / L, removed 

80% of FB2 in a 48 hour period. According to the present results, the maximum 

recommended concentration needed to be used to achieve 80% FB2 removal in a 48 hour 

incubation period. There are conflicting results in the literature for the use of calcium 

bentonite for the removal of OTA. This is presumed to be due to the presence of excess 

protein in wine which may interfere with the efficiency of OTA removal (Castellari et al., 

2001; Leong et al., 2006b). Integration of another agent such as activated charcoal may be 

needed in situations where removal of both OTA and FB2 in wine are required.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Among the fining agents tested, yeast hulls, PVPP and NO (OX) did not remove FB2 

effectively within the concentrations and the contact time used in this study. In another study, 

a maximum of 30% removal of FB2 in red wine was achieved with PVPP at a concentration 

of 10 g/L after 2 hours of contact time (Carrasco-Sánchez et al., 2017). In the present study, 

usage of PVPP more than 10 times less concentration (0.8 g/L) resulted in a maximum of 

28% FB2 removal in white wine after 24 hours of contact time. Despite the differences in the 

contact time and the concentrations of PVPP used in two studies, it can be concluded that 

PVPP may not be an efficient agent for removing FB2 from wine. This could possibly be due 
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to the affinity of PVPP towards the other compounds in wine such as polyphenols that may 

possibly interfere in the removal of FB2 (Carrasco-Sánchez et al., 2017; Chagas et al., 2012; 

Ghanem et al., 2017). However, both PVPP and yeast hulls have been shown to remove OTA 

from red and white wine effectively highlighting the need for testing these agents 

independently for removal of different toxins in wine. Among the five fining agents tested, 

NO (OX), a new fining agent made up of polysaccharides of non-animal origin with an ability 

to remove excess iron and copper in wine was shown to be the least effective agent in removal 

of FB2 in white wine.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Based on the vinification data obtained from this study, it could be speculated that the risk 

associated with exposure to fumonisin through wine consumption may be less compared to 

other products that are contaminated with this toxin, as vinification removed a large amount 

of fumonisins found in grape samples through solid separation. However, consumption of 

food commodities that are commonly contaminated with fumonisin toxins together with wine 

may increase the exposure to fumonisins. Under such circumstances there is a potential to 

exceed the daily tolerable intake (PMTDI) of 2 µg / kg of body weight per day calculated 

based on the no observed effect level (NOEL) and a safety factor of 100 (WHO, 2002). 

Therefore, reduction of fumonisins through other means may be useful to minimise the risk 

of fumonisin exposure through the consumption of wine.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
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4.5 Conclusions 

In summary, under the conditions used in this study, white wine vinification results in the 

removal of 90% of fumonisins found in grape samples and only 3% transferred into wine. 

Similar to previous reports related to other fungal toxins, the majority of fumonisins were 

removed with the solid materials separated during vinification. Although the amounts of 

fumonisins detected in final wine samples from this study were small due to the low amounts 

found in infected grapes, fumonisins may potentially occur in higher quantities in wine from 

other vineyard locations where Aspergillus infection with fumonisin producing strains is a 

greater problem. Also, red vinification lead to more fumonisins passing into wine due to the 

differences in processing between red and white grapes. Data from the stability experiment 

suggests that some fumonisin remains in wine during storage of wine, and thus storing wine 

for periods of time cannot be regarded as an effective way to eliminate fumonisin 

contamination. Observations in this study on the use of fining agents suggests that activated 

charcoal and calcium bentonite when used at the dosages recommended by the AWRI  

removes more than 80% of FB2 in white wine. Considering the health risk associated with 

fumonisins, monitoring the Aspergillus contamination in vineyard locations with high 

potential for toxin production may be beneficial to reduce the passage of this toxin from 

grapes to wine, and consequently, minimise the risk associated with this toxin for human 

health.  
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Chapter 5 

Summary and general discussion 

Consumer vigilance for food products free from hazardous chemicals has gained increased 

attention more recently. Mycotoxins are a group of such compounds that have gained 

significant attention due to their negative health impacts on humans (Van Egmond et al., 

2007). Grapes and grape products, including wine, are occasionally contaminated with 

several mycotoxins as a result of fungal infections (Hocking et al., 2007; Somma et al., 2012). 

Fumonisins are a group of such mycotoxins recently identified from grapes and grape 

derivatives as a result of infection by some Aspergillus species (Knudsen et al., 2011; 

Logrieco et al., 2009; Mogensen et al., 2010a; Perrone et al., 2013; Varga et al., 2010). 

Although black aspergilli are commonly found in Australian vineyards, no research has been 

conducted to date in relation to the occurrence of fumonisin producing Aspergillus spp. in 

vineyards. This thesis investigated the ability of Aspergillus spp., associated with wine grapes 

to produce fumonisins, the environmental factors suitable for fumonisin production by 

Aspergillus spp. in grapes and the survival of fumonisins during vinification. Additionally, 

stability of FB2 during wine storage and the effects of fining agents on the removal of FB2 

in wine were also studied. Together, results from all the experiments provide an overview of 

the potential risk of fumonisins represented by Aspergillus spp. associated with Australian 

vineyards.  

Previous research conducted in countries other than Australia has shown that A. niger and A. 

welwitschiae, within the group of black aspergilli, are responsible for fumonisin production 

in grapes and grape products (Varga et al., 2010). The morphological, ecological and 

chemical data of these two species are known to overlap (Perrone et al., 2011), and 
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identification of these two species has only been possible using molecular methods based on 

calmodulin sequencing data (Palumbo et al., 2015; Palumbo et al., 2013; Perrone et al., 

2011). Research has found that black aspergilli occur frequently in Australian vineyards and 

A. niger has been reported to be the most commonly found species (Hocking et al., 2007; 

Leong, 2005). This knowledge provided the major avenue for this research on investigating 

fumonisin production ability of Aspergillus spp. associated with Australian vineyards. 

Aspergillus isolates were collected from wine grapes to assess their ability to produce 

fumonisins and identification of A. niger and A. welwitschiae was approached using PCR 

species-specific primers based on calmodulin sequencing data. The results revealed that six 

isolates out of the 38 isolates collected were able to produce fumonisins and all the fumonisin 

positive isolates were identified as A. niger and A. welwitschiae. These results are in 

agreement with previous findings that fumonisin production capability is confined only to 

these two species associated with grapes. Given that 38 isolates were collected from seven 

vineyard locations in NSW and SA, which represent only a minor portion of the total number 

of vineyards in Australia (about 0.5%) (Australian Bureau of Statistics), the results may not 

be sufficient to make a firm conclusion on the frequency of fumonisin production within the 

black aspergilli associated with Australian vineyards. Nevertheless, the current findings 

reveal that there is a risk of contaminating Australian grapes and grapes products with 

fumonisins due to the presence of A. niger and A. welwitschiae in Australian vineyards. 

Therefore, monitoring the incidence of these two species may be important to minimise the 

risk associated with fumonisins for the Australian grape and wine industry. Further research 

using a larger number of isolates, representing vineyards from all agro ecological zones, may 

warrant accurate estimation of the risk associated with fumonisins for the Australian grape 

and wine industry.  
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Research conducted in countries other than Australia has revealed that Aspergillus isolates 

associated with grapes or grape products from different locations produce fumonisins in a 

broad range of concentrations depending on the substrate on which they were assessed. The 

amount of fumonisins produced in culture media range between <0.01 - 293 mg/kg 

(Abrunhosa et al., 2011; Logrieco et al., 2009; Susca et al., 2010), whereas in grapes and 

dried grapes this ranges between 1.85 - 8.99 mg/kg and <0.01 - 35.49 mg/kg, respectively 

(Knudsen et al., 2011; Palumbo et al., 2011; Varga et al., 2010). The wide variation in the 

amount of fumonisins produced by these isolates clearly shows the necessity for more 

research into assessing aspergilli from different locations. Initially, it was planned to collect 

grape bunches from the field and to assess these for fumonisins, which may provide 

information on the ability of Aspergillus spp. to produce fumonisins under field conditions. 

However, results from such a study could be influenced by both biotic and abiotic factors, 

which have already been demonstrated for OTA production by Aspergillus spp. (Gil-Serna 

et al., 2018). Alternatively, assessing fumonisin production of the isolates collected from 

vineyards in grapes or grape-like medium under laboratory conditions appeared to be suitable 

methods. With the objective of minimising the experimental error caused by the variation in 

grape berries within and between grapes bunches (Bergqvist et al., 2001; Jackson et al., 1993; 

Ozden, 2014), fumonisin production potential of A. niger and A. welwitschiae was assessed 

in SGJM, which is assumed to be similar to the composition of grapes at veraison (Chapter 

2). The Aspergillus isolates collected have the ability to produce fumonisins within 0.5 - 19 

mg/kg in SGJM. According to previous research, the maximum amount of fumonisin 

produced in SGJM and grapes is 6 mg/kg (Abrunhosa et al., 2011) and 7.8 mg/kg (Mogensen 

et al., 2010a) of medium/grapes respectively. Taking into account the maximum amounts of 

fumonisins produced by the isolate from this study in SGJM, which is 19 mg/kg, there is a 
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risk of fumonisins occurring in large quantities in grapes from some vineyard locations. On 

the other hand, Ferranti et al. (2018) found no fumonisins from 88 wine grape samples of V. 

labrusca collected from Brazilian vineyards, although these samples were contaminated with 

fumonisin positive isolates. This indicates that the presence of fumonisin positive isolates in 

grapes does not necessarily mean that they are contaminated with fumonisins as mycotoxin 

production under field conditions can be mitigated by many factors (Abrunhosa et al., 2001; 

Abrunhosa et al., 2002; Leong, 2005). Future research may need to assess the fumonisin 

production ability of Australian Aspergillus isolates under both laboratory and field 

conditions to identify variation in fumonisin production. These studies may need to consider 

assessing a large number of isolates from different vineyard locations using both red and 

white grape varieties which may generate useful information on the variation in fumonisin 

production in relation to differences in Aspergillus strains and grape varieties.  

Environmental factors are reported to be highly correlated with mycotoxin production by 

different fungal species associated with food products (Esteban et al., 2004; Esteban et al., 

2006b; Leong et al., 2006d; Medina et al., 2013; Medina et al., 2015; Mogensen et al., 2009). 

Given that OTA is the most relevant in relation to the occurrence of mycotoxins in grapes 

and grape products, a large number of investigations have been conducted to identify the 

environmental factors influencing OTA production by black aspergilli (Bellí et al., 2005; 

Bellí et al., 2004; Esteban et al., 2006a; Esteban et al., 2004; Esteban et al., 2006b; Leong et 

al., 2006d; Mitchell et al., 2004). Consequently, predictive models have been developed to 

assess the risk associated with OTA production under different environmental conditions 

(Battilani et al., 2006a; Paola et al., 2015). However, in relation to fumonisins, no such 

models are available due to the lack of research data on their occurrence under varied 

environmental conditions. In the current research, the influence of environmental conditions 



111 

 

on fumonisin production by Australian isolates of A. niger and A. welwitschiae was 

investigated using three isolates (two A. niger, one A. welwitschiae) in SGJM. These selected 

isolates were grown in SGJM under different temperature (20 °C, 25 °C, 30 °C, 35 °C) and 

water activity conditions (0.92 aw, 0.95 aw, 0.98 aw). The selected temperature range (20 - 35 

°C) covers the typical temperature conditions prevailing during the grape growing season in 

Australia. The water activity range selected (0.92aw - 0.98aw) presumes the water activities of 

grape berries at harvest (Hrazdina et al., 1984; Topalovic et al., 2010). The results indicated 

that toxin production is greater at low temperatures (20 - 25 °C) and high water activities (0. 

95 aw - 0.98 aw). Mogensen et al. (2009) obtained comparable results for European strains of 

A. niger, implying that fumonisin production may be potentially higher in grapes grown in 

agro climatological zones with temperature ranges between 20 - 25 °C. It is important to 

consider that aspergilli can grow under a wider range of temperature and water activity 

conditions as found in this research and in previous research (Hocking et al., 2007; Leong et 

al., 2006d; Passamani et al., 2014), however, their toxin production ability seemed to be 

limited to a narrow range of temperature and water activity conditions (Esteban et al., 2006b; 

Leong et al., 2006d; Mitchell et al., 2004; Mogensen et al., 2009). This may be a reason for 

the absence of fumonisins in grape samples of V. labrusca collected from the vineyards in 

Brazil, although some samples were contaminated with Aspergillus isolates capable of 

fumonisin production. In Australia, the temperature fluctuations during the grape growing 

season are high, however, the most important factor to consider is the temperature conditions 

at harvest season as grape berries are susceptible to Aspergillus infection during this period 

where berry sugar is high and the damage caused by other insects and pests is at an optimum 

(Hocking et al., 2007; Leong et al., 2007b; Somma et al., 2012). The temperature of the 

majority of Australian vineyards during the grape harvesting season falls into the temperature 
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window 20 - 25 °C, which is the most suitable range identified for fumonisin production by 

Australian aspergilli in the current study. This indicates that there is a potential to produce 

this toxin in grapes from many agro ecological zones in Australia. Nevertheless, the 

environmental requirements for mycotoxin production is highly dependent on strains (Abarca 

et al., 2019; Bellí et al., 2004; Leong et al., 2006d; Mitchell et al., 2004; Mogensen et al., 

2009) and therefore, further studies using a large number of strains from both A. niger and 

A. welwitschiae from different viticulture locations may be important in developing 

predictive models for forecasting fumonisin production in vineyards. Additionally, future 

investigations on the influence of environmental factors for gene expression related to 

fumonisin biosynthesis may be useful for understanding the variations among the different 

strains of aspergilli in terms of fumonisin production under varied environmental conditions. 

Mycotoxin occurrence in wine is likely to be of greater concern in those countries that have 

a higher per capita consumption of wine such as USA, France, Italy and Portugal. Surveys 

have found that OTA is the most widely occurring mycotoxin in wine with the highest 

contamination observed for wine originating from Southern European countries (Hocking et 

al., 2007; Gil-Serna et al., 2018; Somma et al., 2012). Conversely, a recent survey conducted 

in Europe in 2010 using 77 wine samples from 13 countries including Australia has revealed 

the possible widespread occurrence of another mycotoxin; FB2, in wine (Mogensen et al., 

2010c). It is widely accepted that the major source of mycotoxin in wine is infected grapes 

and therefore, physical removal of infected grapes has been suggested as the most effective 

way of reducing the amount of mycotoxins transferred into wine (Gil-Serna et al., 2018; 

Leong, 2005). Under commercial conditions, physical removal of infected grapes is not 

feasible, especially in countries where grapes are machine as opposed to hand harvested. 

Other methods to eliminate mycotoxin passage from grapes to wine are therefore needed. 
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Mycotoxins have been shown to have a greater affinity towards the solid particles removed 

during vinification (Anli et al., 2011; Fernandes et al., 2007; Inoue et al., 2013; Leong et al., 

2006a; Leong, 2005; Lewis, 2016). Vinification studies conducted in relation to OTA 

determined that a large portion of OTA (> 80%) found in gapes are removed during 

vinification with solids and only a small portion passed into the liquid portion (Fernandes et 

al., 2007; Fernandes et al., 2003; Leong et al., 2006a; Ratola et al., 2005). However, the 

percentage of OTA removal during vinification is known to be affected by other factors such 

as grape variety, yeast strain and the participation of lactic acid bacteria during malolactic 

fermentation (Anli et al., 2011; Gil-Serna et al., 2018; Leong, 2005; Quintela et al., 2013). 

The fate of fumonisins during vinification has only been studied using V. rotundifolia grapes 

grown mostly in USA and the results has showed that similar to OTA, fumonisins have a 

greater affinity towards solids than the liquid portion (Lewis, 2016). In the current research, 

the fate of fumonisins during the vinification of white wine grapes was studied using V. 

vinifera (cv. Chardonnay) (Chapter 4). This variety represents approximately 18% of the total 

grape bearing area in Australia (Australian Bureau of Statistics, 2015). The results indicated 

that only an average of 3% of fumonisins found in grapes passed into wine and the rest were 

removed at various stages of vinification with the highest removal noted after pressing. 

According to Lewis (2016), an average of 28% of FB2 passed into wine as calculated using 

must samples of V. rotundifolia grapes (cv. Carlos) spiked with two concentration of FB2. 

This discrepancy in the results obtained between the two studies could be due to the 

differences between the vinification models (spiked must samples vs. infected grapes) used 

in the two studies. As previously noted, OTA has a strong association with grape skins 

(Leong et al., 2006b), and therefore, it can be presumed that similar to OTA most of the 

fumonisins in grapes may remain bound with the grape skin than with the flesh or juice, and 
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therefore, removal of the skin after pressing may lead to the removal of a large amount of 

toxins, as noted in the current study. However, when must samples are artificially spiked with 

FB2, the percentage of FB2 removal with solids (grape skin and other debris) may be 

decreased. The other possible reasons for this discrepancy could be related to the differences 

in grapes (V. rotundifolia vs. V. vinifera) or yeast strains (Saccharomyces bayanus vs. 

Saccharomyces cerevisiae) used in two studies. Also, it is worth noting that, in white wine 

vinification, pectolytic enzymes are sometimes added to the crushed grapes before pressing 

to enhance extraction of the juice and subsequent precipitation of solids (Hocking et al., 

2007). However, in the current study no pectolytic enzymes were added before crushing. 

Although, addition of such enzymes has not been shown to enhance or reduce the amount of 

OTA in wine (Leong, 2005), these practices may have some effect on FB2 removal during 

vinification. Therefore, the amount of FB2 in the final wine samples could also be influenced 

by many such variables under different wine making practices. As already being 

demonstrated for OTA (Piotrowska et al., 2013), it will be useful to employ synthetic 

schemes to assess the effects of different winery practices in the future, to identify their 

influence on changes in the concentration of fumonisins in final wine.  

In the present study, the fate of fumonisins during red vinification was not studied due to the 

limitation of time and resources. Research related to the fate of OTA during red vinification 

has demonstrated that the amount of OTA passed into juice after pressing was somewhat 

higher (24%) compared to white vinification and this is believed to be due to the prolonged 

contact of the berry skin with juice during red vinification, which facilitates transfer of more 

OTA into juice (Anli et al., 2011; Fernandes et al., 2007; Leong, 2005; Ponsone et al., 2009; 

Ratola et al., 2005). Therefore, future studies may be needed to demonstrate the fate of 

fumonisins during vinification of red grape varieties to understand their occurrence in wine.  
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Some mycotoxins present in food commodities are known to be less stable during storage 

(de Souza Sant’Ana et al., 2008; Koca et al., 2005; Kolmanič et al., 2010). For example, 

patulin produced by some species of Penicillium was degraded after storage of apple juice 

for four months at 22 °C and 30 °C (Koca et al., 2005). In contrast, storage of grape juice 

spiked with FB2 over eight months at three different temperature conditions ( - 20 °C, 3 °C, 

20 °C) only resulted in a 36% reduction of the fumonisins at 20 °C (Lewis, 2016). However, 

research has shown that stability of fumonisins during storage is known to be dependent on 

many factors of which pH is the most significant (Bryła et al., 2017; Jackson et al., 1996b). 

In the current study, the effects of temperature on the stability of FB2 in white wine was 

investigated for eight months using Chardonnay wine spiked with FB2 at two temperature 

conditions (Chapter 4). The results showed that FB2 was almost stable for four months at 

both temperature conditions studied (13 °C & 25 °C) and the concentration started reducing 

gradually afterwards with the highest rate of reduction (42%) observed at 25 °C. Previous 

research has identified hydrolysed products of both FB1 and FB2 from various food products 

(Bryła et al., 2017; Gazzotti et al., 2011). Identification of the presence of HFB2 is important 

as these products have been shown to be toxic for animals (Seiferlein et al., 2007; Voss et 

al., 1998; Voss et al., 2007). Therefore, it was hypothesised that the reduction of FB2 in wine 

samples in the current study was related to the hydrolysis of FB2 in wine. To prove this 

hypothesis, wine samples were analysed for HFB2 using the LC/MS/MS method described 

by Gazzotti et al. (2011). However, no hydrolysed products were identified in any of the 

wine samples analysed. Therefore, it can be presumed that the reduction of FB2 in wine 

samples could be related to other chemical transformations. There is scientific evidence to 

show that fumonisins can undergo various other physical or chemical transformations other 

than hydrolysis (Bryła et al., 2017; Dall'Asta et al., 2010; Dall'Asta et al., 2008). For 
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example, it has been reported that fumonisins can form non-covalent bonds (electrostatic 

interactions between molecules or within a molecule) with food macromolecules such as 

protein and starch and become bound, and in some cases these bound forms are reported to 

be higher than free fumonisins (Bryła et al., 2016; Dall’Asta et al., 2009; Scott, 2012). 

Subsequently, investigations have shown that these hidden forms can be released inside the 

gastrointestinal tract through digestion (Dall'Asta et al., 2010). In the current study, during 

vinification, 7% of fumonisins were undetected in any of the matrices. This implies that, 

these fumonisins might have bound with matrix components of wine and became undetected. 

Therefore further research may be needed to identify the presence of such hidden fumonisins 

in wine to accurately estimate the risk associated with fumonisins. 

Mycotoxin contamination cause serious economic and social impacts across the world (Van 

Egmond et al., 2007; Gil-Serna et al., 2018; Paterson et al., 2018; ). In relation to wine, OTA 

has been the major concern as wine industries need to meet current regulations for this toxin 

in wine (Gil-Serna et al., 2018; Paterson et al., 2018). Nevertheless, global climate change 

may influence the mycotoxin production in vineyards and consequently, some mycotoxins 

that are not considered as dominant may potentially become dominant (Paterson et al., 2018). 

Mycotoxin contamination causes serious economic and social impacts across the world (Van 

Egmond et al., 2007; Gil-Serna et al., 2018; Paterson et al., 2018; ). OTA is a major concern 

for the wine industry with legal requirements to ensure that levels of contamination do not 

excess international regulations for mycotoxins (Gil-Serna et al., 2018; Paterson et al., 2018). 

Future changes in global climate change may influence the mycotoxin production in 

vineyards. Some mycotoxins that are currently not regarded as being prevalent may 

potentially become dominant (Paterson et al., 2018). The climate is the most important factor 

determining mycotoxin contaminations, once fungi are established in a  vineyard (Paterson 
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et al., 2018). In the current study, the influence of temperature and water activity on 

fumonisin production by A. niger and A. welwitschiae isolated from Australian wine grapes 

was investigated using two strains of A. niger and a strain of A. welwitschiae. The results 

indicated that fumonisins can be produced at a wide range of temperatures (20 - 30 °C), 

depending on the strain. These initial results indicate that there is a need for more data on 

fumonisin production for Aspergillus strains collected from different agro ecological zones 

to forecast their ability to grow and produce fumonisins. Moreover, other abiotic factors such 

as humidity and air quality (CO2 concentration) also need to be taken into account as these 

factors have also been demonstrated to have impacts on mycotoxin production (Samapundo 

et al., 2007; Schöneberg et al., 2019. Data generated from such studies may potentially lead 

to the introduction of regulations dealing with fumonisins in grapes and grape products 

including wine. Moreover, this may lead to the need for more research on the remedial 

elimination of fumonisins in wine in the future to minimise human exposure to this toxin. 

Research has shown that some fining agents have the potential to remove OTA in wine 

(Castellari et al., 2001; Ghanem et al., 2017; Leong et al., 2006c; Quintela et al., 2012; 

Quintela et al., 2013), although the primary objective of the usage of fining agents is to adjust 

wine quality parameters mainly through removal of excess polyphenols in colloidal nature 

(Chagas et al., 2012). In the current research, five fining agents were tested for their ability 

to remove FB2 in white wine, of which, three agents (activated charcoal, calcium bentonite, 

PVPP) have been recommended by AWRI for clarification of white wine. The results 

indicated that usage of activated charcoal and calcium bentonite within the current dosages 

recommended by AWRI was effective in the removal of FB2 in white wine. Additionally, 

research has shown that activated charcoal is effective in removal of OTA in wine (Gil-Serna 

et al., 2018). Therefore, it can be concluded that activated charcoal may be useful in removal 
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of common mycotoxins (OTA and FB2) present in white wine. On the other hand, red wine 

has been the most susceptible to contamination with mycotoxins (Gil-Serna et al., 2018; 

Leong et al., 2006a; Leong, 2005; Lewis, 2016). However, the effects of activated charcoal 

in removal of fumonisins in red wine is unknown. Nevertheless, the usage of activated 

charcoal is not permitted in red wine clarification according to the European Union 

Regulation 1493/1999, as it affects the sensory properties of red wine (Castellari et al., 2001; 

Quintela et al., 2013). Therefore, the usage of other agents that are commonly used in 

clarification of red wine need to be tested in the future for their effects on removal of FB2 in 

red wine. It is important to note that wineries use fining agents at different stages of 

vinification depending on what they require to achieve (Chagas et al., 2012). Therefore, the 

effectiveness of these agents need to be tested at the winery before they are used under 

commercial scale.  
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Conclusions 

Black aspergilli are a common component of the microbial community associated with 

grapes. Their presence in grapes is mainly important due to their ability in producing 

mycotoxins in grapes and grape products. From a safety point of view, OTA and fumonisins 

are the most important mycotoxins produced by black aspergilli associated with grapes. 

Research has shown that OTA production is greater in vineyards with Mediterranean climate 

(Hocking et al., 2007; Gil-Serna et al., 2018; Paterson et al., 2018; Somma et al., 2012; Steel 

et al., 2013). In Australian vineyards the risk associated with OTA is minimal due to the low 

incidence of A. carbonarius, the primary producer of OTA (Leong, 2005; Leong et al., 

2006b). However, in relation to fumonisins, A. niger and A. welwitschiae are the most 

relevant species (Ferranti et al., 2018; Mogensen et al., 2010a; Susca et al., 2010; Varga et 

al., 2010). Although A. niger has been identified as the most dominant species in many 

vineyard locations including Australia (Leong, 2005), reports related to the incidence of A. 

welwitschiae are limited. This is because A. welwitschiae was only identified recently as a 

new species within the A. niger aggregate (Perrone et al., 2011). In the current study, the 

presence of fumonisin producing A. niger and A. welwitschiae in Australian vineyards was 

identified for the first time. As investigated previously, mycotoxin production by different 

strains of Aspergillus vary depending on the environmental factors (Leong et al., 2006d; 

Mitchell et al., 2004; Mogensen et al., 2009). In the current study, the effects of temperature 

and water activity on fumonisin production was investigated for A. niger and A. welwitschiae 

isolated from Australian vineyards. The results showed that fumonisin could occur in grapes 

from many agro ecological zones in Australia as the temperature range identified to be 

suitable for fumonisin production by A. niger and A. welwitschiae was quite similar to that 

for temperature conditions prevails in the field during grapes close to harvest. Additionally, 
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the fate of fumonisins during vinification was studied for V. vinifera grapes and the results 

showed that only a small portion of fumonisins pass into wine. The experiment related to 

stability of FB2 in white wine showed that FB2 can survive in wine at least for four months. 

However, some fining agents (activated charcoal and calcium bentonite) tested in the current 

study were shown to remove FB2 effectively in wine. Overall, the results indicates that there 

is a potential to contaminate Australian grapes with fumonisins due to the presence of 

fumonisin positive aspergilli in grapes and favourable environmental conditions. However, 

the risk presented by fumonisins for Australian wine may be minimal as vinification was 

shown to remove a larger amount of fumonisins. Nevertheless, fumonisins may potentially 

present a higher risk for the dried vine fruit industry as some Aspergillus isolates from the 

current study were capable of growing and producing fumonisin under low water activity 

levels. However, this may need more investigation. Given that only a small number of 

isolates were collected from about 0.5% of vineyards in Australia, future studies with a larger 

number of isolates representing vineyards from all agro ecological zones will be highly useful 

in assessing the risk of fumonisin for Australian grapes and wine industry. As previously 

noted (Leong, 2005; Leong et al., 2006b), adoption of vineyard management practices that 

minimise the occurrence of black aspergilli in vineyards will be highly useful in minimising 

the potential risk presented by fumonisins for Australian grapes and grapes products. 

Additionally, implementation of biological control programs will be useful to control the 

population of A. niger and A. welwitschiae in vineyards that may assist to meet any future 

regulations related to fumonisins in grapes and grape products.  
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Appendix 1. Preparation of culture media    

All the reagents used were of analytical grade. Stock solutions were prepared in bulk and 

stored at 4 °C. Agar was of technical grade (OxoidTM Technical Agar No.3) and purchased 

from ThermoFisher Scientific. Distilled water (DH20) was used in preparation of all media.  

A. Czapek Yeast Extract Agar 

Czapek Yeast Extract Agar (CYA) medium was prepared according to Pitt and Hocking 

1997. Take 500 mL of DH2O into a Schott bottle. Add all the ingredients (Table A) except 

czapek concentrate and the trace metal solution into the water one by one starting from 

K2HPO4 while being stirred on a magnetic stirrer. Once all the ingredients are dissolved, stop 

stirring and add Czapek concentrate and the trace metal solution. Then adjust the pH to 4.00 

using 10 M NaOH. Finally add 15 g of agar and bring the volume to 1 L. Sterilise the medium 

by autoclaving at 115 °C for 20 minutes.    

 

Table A. Ingredients used in preparation of Czapek Yeast Extract agar medium 

Ingredient  Amount  

K2HPO4 1 g 

Yeast extract powder 5 g 

Sucrose 30 g 

aCzapek concentrate 10 mL 

bTrace metal solution 1 mL 
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aCzapek concentrate 

KCL - 25 g 

NaNO3 - 150 g 

MgSO4 7 H2O - 25 g 

FeSO4H2O - 0.5 g 

 

bTrace metal solution 

CuSO4 - 0.5 g 

ZnSO4 - 1 g 

Distilled water - 100 mL 

 

B. Synthetic grape juice medium (SGJM) (Mitchell et al. 2004) 

SGJM was prepared using following ingredients according to Mitchell et al. 2004. Take 500 

mL of DH2O into a Schott bottle and add all the below ingredients (Table B), one by one, 

while being stirred on a magnetic stirrer. Once all ingredients are dissolved, adjust the pH 

using 10 M NaOH. Finally add 25 g of agar and bring the volume to 1 L. Sterilised the 

medium at 105 °C for 30 minutes.  
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Table B. Ingredients used to prepare SGJM 

Ingredient Amount (g) 

D (+) Glucose 70 

D (-) Fructose 30 

L (+) Tartaric acid 7 

L (-) malic acid 10 

(NH4)2 HPO4 0.67 

KH2PO4 0.67 

MgSO4. 7H2O 1.5 

NaCl 0.15 

CaCl2 0.15 

CuCl2 0.0015 

FeSO4.7H2O 0.021 

ZnSO4. 7H2O 0.0075 

Catechin (+) 0.05 
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Appendix 2 Aspergillus isolates collected from wine grapes (Chapter 3) 

Vineyard 

location 

Grape variety Number of 

grape  bunches 

Number of isolates 

Canberra Shiraz 06 04 

Griffith Semillon 22 18 

Hilltops Cabernet 

Sauvignon 

 

04 0 

Mudgee  Pinot noir 06 05 

Orange Chardonnay 04 02 

Wagga Wagga Unknown 05 04 

Young Nebbiola 04 03 

South Australia Chardonnay 06 02 
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ppendix 4 Wine sample measurements (Chapter 4 ) 

 
C - 0% infected; 25 - 25% infected; 50 - 50% infected; 100 - 100% infected, 1 - R1, 2 - R2, 3 - R3 
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Appendix 5 Juice sample measurements (Chapter 4) 

 

T1 – Control, T2 - 25% infected, T3 - 50% infected, T4 - 100% infected; 1- R1, 2 – R2, 3 – R3 


