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The occurrence and fate of fusarium mycotoxins during the commercial processing of oats in the UK

Cereals can be invaded by a range of fungi both in the field before harvest and 3 during storage. Some species of these moulds can produce toxic metabolites 4 called mycotoxins that exhibit a wide range of toxic effects. Legislation setting 5 maximum admissible limits for certain mycotoxins in cereals has been agreed or 6 is under consideration for a number of these contaminants within the EU. Limits 7 have been set for deoxynivalenol (DON) and zearalenone (ZON) in cereals 8 including oats and will be set for HT-2 toxin (HT2) and T-2 toxin (T2) possibly 9 from 1 July 2007 or later if considered necessary taking into account the latest 10 information available on occurrence and toxicology. Current limits relevant to 11 oats are given in Table I. 12 Some data for oats are shown in an EC SCOOP report on Fusarium 13 mycotoxins and includes limited data for HT2 and T2 [START_REF] Gareis | Collection of Occurrence Data of Fusarium Toxins in Food and 10 Assessment of Dietary Intake by the Population of EU Member States[END_REF]. High 14 concentrations of DON were shown to occur in oats in Finland (Hietaniemi & 15 Kumpulainen 1991) and in Canada [START_REF] Tekauz | Fusarium head blight of oat in western Canada-preliminary 20 studies on the fusarium species involved and levels of mycotoxin (s) in 21 grain[END_REF]2004) while even food-grade [START_REF] Hietaniemi | Contents of fusarium toxins in Finnish and 17 imported grains and feeds[END_REF] oats are often contaminated with trichothecenes in Norway, particularly with 17 HT2, T2, DON and nivalenol (NIV) [START_REF] Langseth | The occurrence of HT-2 toxin and other 14 trichothecenes in Norwegian cereals[END_REF]Langseth and 18 Elen 1996). [START_REF] Müller | Fusarium toxins in 1 wheat harvested during six years in an area of southwest Germany[END_REF] determined the occurrence of Fusarium 19 mycotoxins in wheat over the years 1987-1993 and in oats over a five-year period 20 in southwest Germany [START_REF] Müller | Natural occurrence 4 of fusarium toxins in oats harvested during five years in an area of 5 southwest Germany[END_REF]. They observed that the incidence and 21 levels of toxins varied from year-to-year and were not correlated with 22 precipitation levels. The occurrence and concentrations of Fusarium mycotoxins 23 in oats and other cereals in Europe were reviewed by [START_REF] Pettersson | Trichothecene occurrence in European cereals-A Review[END_REF] who 24 observed that the relative frequency and concentrations of HT2 and T2 occurring 25 in oats were comparable to other cereals although data available for oats were 1 limited. HT2 and T2 were much higher in some samples of oats than are usually 2 found in wheat. Only small differences in the susceptibility of oat cultivars to 3 DON were shown in a study of different cultivars in Norway (Langseth et al. 4 1995) but it seems there were considerable geographical differences. [START_REF][END_REF] The concentrations of trichothecenes in oats during official variety, 6 organic cultivation and fertilization trials in Finland were determined (Hietaniemi 7 et al. 2004) and DON was the dominant trichothecene found. The highest 8 concentrations of DON occurred in the dryer and warm summers of 1997 and 9 1999 rather than in the cold wet summer of 1998. In addition there was little 10 effect due to variety, nitrogen fertilization levels or conventional/organic 11 cultivation methods. A number of reports have stressed the importance of 12 background factors. For example the incidence of rain during heading time 13 represents a significant factor (Döll et al. 2000; [START_REF] Oldenburg | Risikoabschätzung und 7 Vermeidungstrategien bei der Futtermittelerzeugung Landbauforschung 8 Volkenrode[END_REF]; Langseth 14 et al. 2001). [START_REF] Langseth | Occurrence of toxigenic fungi and 17 mycotoxins in plants, food and feed in Europe[END_REF] A four-year investigation of Fusarium mycotoxins in UK barley and oats 16 during 2002-2005 by one of the current authors shows a high incidence of HT2 17 and T2, with combined concentrations of these two mycotoxins of more than 18 1000 µg/kg in 16 per cent of raw oat samples collected at harvest (Edwards 19 unpublished). However, DON concentrations were low and less than 300 µg/kg in 20 every sample. The levels of HT2 and T2 raised concern in the oat industry with 21 its possible implications for consumer health and led the UK Food Standards 22 Agency to commission a survey of oat-based food products [START_REF] Anon | Food Standards Agency, UK. Mycotoxins in oats survey[END_REF]). The 23 results from this survey showed that the concentrations reaching the consumer 24 were in fact low and probably of minimal toxicological concern. However, the 25 reason for the considerable difference in concentrations between raw oats and 1 oat-based foods needed explanation. In addition, if the answer should lie in 2 processing and the removal of co-products containing concentrated levels, the use 3 of these products would need careful consideration. It could thus be concluded 4 that a large reduction in mycotoxin contamination was being achieved during 5 processing. 6

There appears to be no work reported on the effect of commercial oat 7 processing except for de-hulling studies of trichothecene-contaminated oats that 8

shows most of the mycotoxin concentrates in the hull [START_REF] Pettersson | Controlling mycotoxins in animal feed[END_REF]). When 9 the mycotoxicolological quality parameters of naked and covered oats with regard 10 to the production of bran and flakes were investigated, de-hulling brought about a 11 large reduction in the contamination of oat kernels [START_REF] Adler | Mycotoxicolological quality parameters of naked and 16 covered oats with regard to the production of bran and flakes[END_REF]). In the 12 same way a large reduction in DON was shown to occur in heat-treated groats 13 compared to the levels in raw oats [START_REF] Tekauz | Fusarium head blight 23 of oat-current studies in western Canada[END_REF]. [START_REF] Pettersson | Controlling mycotoxins in animal feed[END_REF] Approximately 700,000 tonnes of oats are produced in the UK each year 15 (DEFRA 2007) with around 40% of the total being used in UK food production . 16 This is similar in quantity to the amount of imported maize used for human food. 17

The balance is exported or used in animal feed. In addition, oats are imported 18 from Scandinavia and Canada. [START_REF] Tekauz | Fusarium head blight of oat in western Canada-preliminary 20 studies on the fusarium species involved and levels of mycotoxin (s) in 21 grain[END_REF] The oat grain consists of the groat (caryopsis) and the surrounding hull 20 (husk). Only the groat is required for milled products while the indigestible hull 21 must be separated and removed in a de-hulling (shelling) stage. The groat has a 22 lipid content which is 2-5 times that of wheat. It also has an active lipase that is 23 separated from the lipid in the intact seed, which can lead to hydrolysis resulting 24 in a 'soapy' taste in final products. This means that the lipase needs inactivation 25 by a process called stabilisation to avoid these undesirable effects in processed 1 products. This is usually achieved by kilning or cooking. An excellent description 2 of the chemistry of whole oat milling and product manufacture is available (Kent 3 and Evers 1994). 4

Oats products for human consumption are mainly based on oat flakes. 5

These are produced in different physical forms depending on the final use. In 6 general, oats are cleaned and de-hulled before kilning as used in this study. 7

However in some mills the oats may be kilned (drying with hot air to about 4-8% 8 moisture) before de-hulling. After the kilning stage, the whole particles are 9 separated, with large particles being used for muesli and the groats or kernels are 10 mainly cut into smaller pinhead oatmeal. To make the flakes in each case the 11 particles are steam treated, rolled and cooled. The various types or cuts of 12 oatmeal are produced by grinding particles in a stone mill or break roll. Oat bran 13 and oat flour is produced from either the whole groat or oat flake by grinding and 14 separation. Figure 1 shows the complexity of the complete oat milling procedure 15 used in a typical UK oat mill and the steps at which samples were taken. [START_REF] Hietaniemi | Contents of fusarium toxins in Finnish and 17 imported grains and feeds[END_REF] Oats are rolled rather than crushed during processing. Coarse, medium 17 and fine grades of oatmeal are all used for porridge and oatcakes, while rolled 18 oats are also used for porridge, and oat flour for baby foods and for ready-to-eat 19 breakfast cereals. 20 Small-scale laboratory or pilot scale studies of cereals mimicking true 21 industrial situations do not always reflect accurately what happens in the practice. 22 Studies of commercial oat processing have mostly been ignored because of the 23 resources required and commercial sensitivity. The operating scale, mill set up 24 and commercial product will also differ from mill to mill. For oats specifically, 25 the end product can usually be defined as the oat flake that is then used to 1 manufacture the majority of products that the customer buys at the retail outlet. 2

This study followed the changes in concentrations of the Fusarium 3 mycotoxins HT2, T2, DON and related trichothecenes and F2 occurring in raw 4 oats during commercial processing and was carried out in close cooperation with 5 the UK oat industry. It forms part of a more extensive project studying the fate of 6

Fusarium mycotoxins occurring during cereal processing funded within the UK. In this study oat milling was carried out at one site on 12 separate consignments 14 of oats. Each consignment consisted of two lorry loads of 25 tonne of raw oats 15 giving a bulk of 50 tonnes. An industry standard vacuum sampling probe was 16 used to withdraw samples from both lorries to provide a 10 kg aggregate. This 17 type of probe samples at various locations in the vehicle and draws material from 18 the bottom to the top of the load at each location. The sampling was carried out 19 twice per vehicle. The probe was set to sample at 6 separate points on each 25 20 tonne load of oats. The samples drawn at each probing point are deposited into 21 the one receiver and the two sample quantities were then bulked together. Each 22 sampling contributed 5 kg to the final sample quantity giving a total of 10 kg 23 from 12 separate points. For the various products and by-products, 500 g samples 24 of material were drawn from the processing streams at 10-minute intervals. These 25 samples were then bulked to give a total of 9 kg per sampling point. 26 Biopharm Rhone) under gravity. The column was washed with 10 ml water. ZON 7 was eluted under gravity with 2 ml of acetonitrile. The eluate was evaporated to 8 dryness and transferred to a vial with chloroform. The chloroform was evaporated 9 to dryness and dissolved in 1 ml of mobile phase of which 20 µl were used for the 10 detection of mycotoxins. The equipment consisted of a Gilson 307 pump, Gilson 11 231/401 auto-injector and a Jasco fluorescence detector. Liquid chromatography 12 was performed on a Kromasil C8 (Hichrom) 5 µ particle size 25 cm x 3.2 mm i.d., 13 operated at 0.5 ml min -1 with 1 % acetic acid: acetonitrile (55:45) as mobile phase. 14

The excitation wavelength of the fluorescence detector was set at 274 nm and the 15 emission wavelength was 440 nm. [START_REF] Hietaniemi | Contents of fusarium toxins in Finnish and 17 imported grains and feeds[END_REF] 17 Method validation and quality control 18 19 UKAS accreditation ensures that methods are valid for the tasks they are 20 performing, but do not provide an absolute measure of accuracy. Under the 21 Laboratory Quality System a protocol for internal and external proficiency test 22 schemes participation is defined and the laboratory demonstrates on-going 23 precision and accuracy. In this laboratory analysis includes in-house reference 24 material, participation in sample testing schemes such as FAPAS 25 (www.fapas.co.uk/fapas.cfm) and collaborative projects. Because of the cost and 1 limited availability of Certified Reference Materials (CRM's), on-going control 2 of the methods was monitored using in-house reference materials prepared from 3 naturally contaminated materials received at this laboratory, checked for 4 homogeneity and packaged for on-going use. CRM's are only used for 5 intermittent checks for the robustness of the methodology used. Typical mean 6 recoveries for each toxin ranged from 70 to 110 % with coefficient of variation of 7 less than 8 % for 10 replicates. 8

For ZON, maize in house reference material contaminated at 29.7 µg/kg 9 of ZON was spiked at 30 µg/kg (in the absence of suitable oat reference sample). 10

Typical mean recovery was 85% with a coefficient of variability of 6.3% for 6 11 replicates. 12 For trichothecenes wheat in house reference material contaminated at 35 13 µg/kg of DON was spiked with 200 µg/kg of each trichothecene. Typical mean 14 recovery was 92% with a coefficient of variability of 6.3% for 6 replicates. 15 16 Recovery, Limit of Detection and Determination 17 18 All analyses were conducted with a spiked sample, i.e. a known amount of toxin 19 was added to a sample of ground oats each day prior to extraction, clean-up and 20 detection for each batch of 1-5 samples, these samples are used to access 21 recovery, and recoveries of 70-110% were considered acceptable. The spike 22 level was 200 µg/kg for each trichothecene and 50 µg/kg for ZON. 23

The limit of detection and limit of determination was similar for each 24 trichothecene and 5 µg/kg and 10 µg/kg respectively were used in this study while 25 values of 3 and 6 µg/kg were used for ZON. The limit of detection is defined as 3 1 times the electronic baseline noise and the limit of determination as 6 times 2 baseline noise. After analysis samples were retained and stored at -20°C. 3 4

Measurement uncertainty 5 6

Calculation of the measurement uncertainty was not carried out specifically for 7 this study but was based on historical in-house data, performance in international 8 collaborative trials and FAPAS trials incorporating repeatability and 9 reproducibility data. The expanded measurement of uncertainty was calculated 10 using a standard coverage factor of 2, equivalent to a confidence of 11 approximately 95% that the actual level of the mycotoxin being measured lies 12 within the quoted range. The assessment of measurement uncertainty was 13 targeted at samples containing mycotoxins at a range of levels. The standard 14 measurement of uncertainty for these analyses was assessed to be ± 12% at a 15 level of 320 µg/kg for DON. The expanded measurement of uncertainty was 16 assessed to be ± 24 % at a level of 320 µg/kg for DON. These calculations are 17 product fell well inside the 70 and 110 % considered as acceptable and results 8 were corrected accordingly. 9

Oat consignments examined in this study were from "unprocessed" 10 parcels i.e. grain that had been dried and cleaned on farm to meet purchase 11 specification, as far as the legislation is concerned these are unprocessed samples. 12 These include both home grown and imported samples. the 12 raw oat consignments were within the existing maximum permissible 5 limits, Table 1. 6 NIV occurred in oats from both regions although there is currently no plan 7

to include this mycotoxin in future legislation. NEO and T23 were present in the 8 samples containing the highest concentrations of HT2 and T2. 9

Mean concentration values for the four most commonly occurring 10 trichothecene mycotoxins calculated for the two geographical regions are given in 11

Table III. During this period there was a notable difference in concentration of 12 DON between the two regions and much greater than the uncertainty factor of the 13 analytical methods. However, the number of samples was small with only eight 14 consignments from the UK/Ireland area and four from Scandinavia so it is unclear 15 whether this is a true geographical and/or climatic difference or whether due to 16 another undefined factor. Mean HT2 and T2 concentrations were higher in UK-17 grown oats while mean values of NIV were higher in samples from Sweden and 18

Finland. 19

Oat processing involves many different operations as seen in Figure 1 but 20 the three most important material components in the context of this study are the 21 raw oats, the finished oat flake (used as the basis of many consumer products) 22 and the co-product 'pellet'. This latter consists of the hulls and other co-products 23 produced during de-hulling and other operations such as cleaning, aspiration and 24 length separation. Figure 2 shows the concentration of HT2 in these three 25 materials measured in the 12 consignments studied using a logarithmic scale. The 1 histogram bar for oat flakes is very small for all the consignments while that for 2 the pellet by-product is considerably higher than that for the raw oats in every 3 case. Histograms drawn for T2, DON and NIV follow a very similar pattern and 4 are not presented here. These results show that a large reduction in toxin levels 5 occurs at the de-hulling stage so that the amounts of mycotoxins entering the 6 human food chain from the flakes are greatly reduced from those initially 7 indicated by the levels in raw oats. The results explain the apparent contradictory 8 results obtained from recent studies of raw oats and of oat-based foods discussed 9

earlier. 10

The downside to this situation is the high concentrations that occur in the 11 pellet by-product that reached more than 20,000 µg/kg and 6000 µg/kg of HT2 12 and T2 respectively in sample 7. This co-product is currently used as a ruminant 13 feed because of the high cellulose content. Use for animal feed thus needs to be 14 considered carefully to ensure that the risk is considered acceptable for the 15 species in receipt. [START_REF] Hietaniemi | Contents of fusarium toxins in Finnish and 17 imported grains and feeds[END_REF] The relative concentrations of Fusarium mycotoxins found here in oats 17 appear to be considerably different to those in wheat and maize with HT2, T2 18 NIV usually present while DON is more variable in its occurrence. This contrasts 19 with infected wheat and maize in which DON (and fumonisins in maize) is 20 commonly the major Fusarium mycotoxin with HT2 and T2 in much lower 21 concentrations (Edwards & Ray 2005). In Canada, the occurrence and levels of 22 DON in oats is reported as similar to wheat and barley [START_REF] Tekauz | Fusarium head blight of oat in western Canada-preliminary 20 studies on the fusarium species involved and levels of mycotoxin (s) in 21 grain[END_REF]. 

Reduction of mycotoxins during oat processing 1 2

As discussed earlier, the principle end material used for manufacture of oat-based 3 foods is the oat flake (Figure 1). The flaked material may be subjected to further 4 processing before retailing or by the consumer, e.g. preparation of porridge from 5 porridge oats. Table IV shows the amounts of DON, HT-2 toxin, T-2 toxin and 6

NIV in the raw oats and the flakes and the reduction that occurred for each 7 sample. It is not possible to calculate the reduction in those consignments for 8 which no quantitative result was obtained for the oat flake. The mean values for 9 reduction of DON and T2 are similar but are higher for HT2 and NIV. However, 10 when the percentage reduction that occurred is plotted against the mycotoxin 11 concentration in the raw oats, the reduction achieved appears to depend on the 12 initial level of contamination being greatest in the most highly contaminated 13 samples (Figure 3). 14

A cursory look at the results for DON and T2 in Table IV suggests that 15 the same effect occurs for these mycotoxins although the concentrations are 16 usually less than for HT2. However, NIV seems to be lost to the greatest extent 17 and this may be because it is less heat stable and thus that remaining after de-18 hulling may be destroyed during the high-temperature kilning stage. 19 These findings have implications when considering setting statutory limits 1 for HT2 and T2 in particular so that it may be unjustified to set too stringent 2 limits for raw oats. However, the concentration of mycotoxins in the pellet by-3 product must be considered and deemed suitable for its end use. 4 5

Mass balance calculation 6 7

When raw oat grain is de-husked, the material removed is used to produce the by-8 product referred to here as the oat pellet. On average approximately 28-30% of 9 the total weight of raw oats ends up in this product. After kilning, groats are 10 colour sorted so that discoloured groats are separated and removed leaving a 11 product that is used for production of a range of food products. The dark 12 (discoloured) groats make up between 10 and 15% of the kilned groat. In order to 13 carry out a mass balance calculation mean values of 29% and 12.5% respectively 14 for the quantity of pellet by-product and reject groats have been used here 15 throughout and a diagram is shown (Figure 4). Typical moisture contents for the 16 various materials are 14% for raw oats, 11% for oat flake, 11% for dark groats 17 and 10.5% for pellets and all analytical results are adjusted to a dry weight basis 18 using these values. [START_REF] Tekauz | Fusarium head blight of oat in western Canada-preliminary 20 studies on the fusarium species involved and levels of mycotoxin (s) in 21 grain[END_REF] In addition, a small amount of bran may be collected by scouring the outer 20 layer of the final groat. This fraction of oat bran produced for human 21 consumption is normally extracted from the oat after hulling, kilning and cutting 22 and as such is produced at the end of the milling process. It consists of the 23 pericarp layer of the oat kernel and the first few layers of cells under the pericarp. [START_REF] Krska | The State-of-the-art in the Analysis of Estrogenic 1 Mycotoxins in Cereals[END_REF] The amount of material involved and mycotoxin levels detected in a couple of 25 samples examined showed the quantity of this bran removed and any mycotoxin 1 levels to be insignificant and were excluded from the calculations. 2

Results for the 4 consignments in which all the relevant components were 3 analysed are given in Table VI. The mean for all values suggest that the quantity 4 of all the four mycotoxins present in the raw oats can be accounted for within the 5 variability inherent in such studies. However, the results are quite variable (being 6 particularly low for HT2 and T2 in sample 11). This may be due to a combination 7 of sampling and analytical errors, differences in the relative weights of oat groats 8 to pellets and of sound sorted groats to rejected ones. In addition, as 9 approximately 95% of the mycotoxins are found in the pellet by-product that can 10 be quite variable in composition an error in their measurement will strongly affect 11 the recovery figures. 12

In the only study here in which samples were taken at other stages during 13 processing, analysis suggests that only a very small loss occurs during kilning. 14 Colour sorting of groats shows higher concentrations present in the dark coloured, 15 particles. These are used in other products in which discolouration is masked or 16 not otherwise a problem. 17 In these studies, HT2 is always present with and at greater level than T2 so that if 21 monitoring of industrial consignments shows the presence of T2, HT2 would also 22 be expected to be present in approximately three-fold concentration. The numeric 23 values for ratios of HT2:T2 are given in Table VII for the 12 raw oat samples 24 examined. The ratio of the concentrations of these toxins are quite consistent with 25 a mean value and median value each of 3.5 and a standard deviation of 22.8 % 1 and this could be useful, particularly in for example simple rapid test procedures 2 for indicating the approximate concentration of a related mycotoxin other than 3 that measured. 4 A variation of this value is within that expected just from sampling and 5 analysis so this implies a strong relationship during secondary metabolism within 6 the fungal species involved. This is consistent with previous literature reports that [START_REF] Langseth | Differences between barley, oats and wheat in the 8 occurrence of deoxynivalenol and other trichothecenes in Norwegian 9 grain[END_REF] show they are usually formed by the same fungal species, normally with HT2 8 present in higher concentrations. Even though these toxins occur less widely in 9 wheat the same relationships during formation occurs (personal observations). 10 infrequent and only at low levels although the study indicates that this would be 1 reduced to a similar extent. There are some initial data that suggest the processing 2 of heavily contaminated raw oats is more effective in reducing contamination 3 than the less contaminated consignments. 4

These results explain why studies in the UK have shown high levels of 5 mycotoxins in oats at harvest but generally low concentrations in consumer 6 products. In the consignments studied, no DON, HT2 or T2 exceeded a 7 concentration of 100 µg/kg in the final oat flakes. The European Regulations for 8 DON in unprocessed oats should ensure that strictest limits set for cereal-based 9 food for infants and young children should be effectively achieved by a 10 substantial margin. Indeed a level of 3500 µg/kg in raw oats should still be 11 reduced below this level after processing. However, the mycotoxins are 12 concentrated in the pellet product formed from hulls etc. and are likely to be 13 between 4 and 10 times the concentration in the raw oats. Hence the appropriate 14 use of this product should be carefully considered. The maximum concentration 15 of ZON found in the consignments studied was 22 µg/kg in raw oats and <3 16 µg/kg in the flakes. This suggests that concentrations of approximately 300 µg/kg 17 will be reduced below the levels required for infant foods. 18 Examination of further consignments are to be studied to confirm these 19 initial findings. The effects of the kilning stage and colour sorting should be 20 examined further. Planned studies aim to confirm the extent by which the 21 proportions of mycotoxins that are transferred to each commercial product vary 22 from consignment to consignment. If the factors that cause this variability can be 23 understood it should be possible to provide the oat processing industry with a 24 guide to the concentrations of each mycotoxin that can be expected in the 25 Results obtained using rapid tests that currently only measure either T2 or 2 HT2 could be used to estimate the combined concentration of T2 + HT2 although 3 a test for HT2 would be preferable for such a purpose as this mycotoxin is the 4 major component of the pair. 5 

7

 7 

( 15 16 9 Macdonald

 159 All the bulked samples were then mixed and quartered to reduce the 1 sample size to about 2 kg per point. Samples were taken at the points shown 2 -product pellets consisting of all the husk and other material removed 6 during de-hulling, 7 4. Kilned groats-colour sorter accepts 8 5. Kilned groats-colour sorter rejects (discoloured groats) 9 6. Oat flakes.10 11 All these samples comprised ~9 kg bulked portions except the discoloured oats 12 that form only a small fraction of the whole kilned groats. Only samples 1, 3 and 13 6 were collected for all consignments. A few samples of oat bran were also 14 collected.Extraction, clean-up and determination of mycotoxins 17 18On receipt in the laboratory, the whole of each oat sample or product was ground 19 through a 0.8 mm screen and mixed for 30 minutes in a Gardner horizontal mixer to 20 ensure homogeneity. Samples were stored at -20°C if not analysed immediately. 21 All reagents were purchased from commercial sources and were of 22 analytical grade. Solvents were of HPLC grade. Mycotoxin standards of DON, 23 NIV, 3-acetyldeoxynivalenol (3AcDON), 15-acetyldeoxynivalenol (15AcDON), 24 fusarenone X (FUSX), T2, HT2, diacetoxyscirpenol (DAS), neosolaniol (NEO), 25 (T23) and ZON were purchased from Sigma-Aldrich Company Ltd., 1 Gillingham, Dorset, UK. DON, NIV and ZON were quantified prior to use by 2 UV spectrometry. 3 The methods used for the trichothecenes and ZON are UKAS (ISO 4 17025) accredited and followed the UK Food Standards Agency Requirements of 5 External Contracts (Thompson and Wood, 1995). Such methods have been used 6 successfully in a number of surveys, collaborative and inter-comparison trials in 7 the UK and EC, e.g. trichothecenes (Gilbert et al. 1992; Langseth & Rundberget 8 1998) and ZON (Scudamore & Patel 2000; Krska & Josephs 2001; Anderson & determined following the method of Patel et al. 141996. In summary, ground samples (20 g) were extracted with 100 ml 15 acetonitrile/water (84:16) by shaking for 2 hours on a wrist action shaker. A 5 ml 16 aliquot of the extract was applied to a pre-washed charcoal/alumina column and 17 this then washed with 40 ml acetonitrile: water (84:16). The total eluate was 18 taken to dryness and transferred to a vial with acetonitrile. The residue was 19 derivatised to form the trichothecene -trimethyl silyl (TMS) derivatives and 20 determined by GC/MS operating in selected ion mode, using 4 25 g) were extracted with 125 ml of acetonitrile/water (75/25) 3 by shaking for 30 minutes. The extract was filtered. Ten ml of the extract was 4 diluted with 40 ml of Phosphate Buffered Saline (PBS) solution. The diluted 5 extract was passed through EASI-EXTRACT ZON immunoaffinity column (R-6

19 20Food 5 6

 195 only intended as a guide to the uncertainty associated with measurements in this 18 study.Results from check trials 21 22Acceptable results have been achieved in the FAPAS Scheme for deoxynivalenol 23 and ZON in cereals during rounds 1 to 24 (August 2000 -April 2006) as they[START_REF] Krska | The State-of-the-art in the Analysis of Estrogenic 1 Mycotoxins in Cereals[END_REF] were well inside the limits for Z scores of ± 2 considered acceptable. In an initial 25Page 12 of 39 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk organised by FAPAS for T2 and HT2, Z-SCORES were = -0.1 and 1Analytical recovery of spiked mycotoxins from raw oats, oats flakes and the by-7

13 14

 13 Occurrence of mycotoxins in raw oats15 16 The concentrations of DON, NIV, HT2, T2, related compounds and ZON in 12 17 consignments of raw oats received by the commercial oat mill participating in this 18 study are presented in TableII. Samples processed originated from the 2004 and 192005 harvests eight originated from the UK or Ireland while 4 were imported 20 from Scandinavia. Concentrations of ZON in raw oats were very low or 21 undetected, the highest being 22 µg/kg in one sample from Sweden. HT2 and T2 22 occurred in every sample and NIV in all but one sample. The combined levels of 23 HT2 and T2 in the two most contaminated samples of the 12 were approximately 24 2500 µg/kg and 3500 µg/kg. 25 DON was detected in 8 out of 12 consignments but the 4 samples with the 1 highest levels were all grown in Scandinavia and 3-acetyl DON was detected in 2 each of these although 15-acetyl DON was undetected. DON occurred only in 3 very low levels in UK samples during this period. Concentrations of DON in all 4

  Table V shows the extent to which Fusarium mycotoxins are concentrated 20 into the pellet by-product. Mean values are similar for each mycotoxin with the 21 concentration factors ranging from 1.7 to 15 fold. The biggest concentrations 22 values tended (but not always) to occur when mycotoxin concentrations were 23 relatively high in the raw oats. 24

18

  Relative occurrence of Fusarium mycotoxins 19 20

17 18 19

 1718 By comparison, the values of HT2 to DON show no correlation, which is 11 expected from current knowledge that the two mycotoxins are formed by 12 different Fusarium species. However, DON and NIV are produced by different 13 chemotypes of the same fungus, and calculated values for NIV and DON indicate 14 no interdependence. In a final scenario there is poor relationship for the ratios of 15 HT2 and T2 to NIV.[START_REF] Hietaniemi | Contents of fusarium toxins in Finnish and 17 imported grains and feeds[END_REF] ConclusionsIn summary, the concentrations of all mycotoxins remaining in the oat 20 flakes are approximately 5-10 % of those of intake oats. Thus the industrial 21 processing of raw oats used in the UK is very effective in reducing the amount of 22 Fusarium mycotoxins that exist in consumer foods at the retail point. Ninety to 23 ninety five percent of all Fusarium mycotoxin contamination in the raw oats is 24 removed during the production of oat flakes. The occurrence of ZON was 25

  from each consignment of raw oats. 1

Figure 3 .

 3 Thompson M, Wood R. 1995. Guidelines on Internal Quality Control in 1 Analytical Chemistry Laboratories. Pure and Applied Chemistry 67: 649Relationship between HT2 concentration in raw oats and amount 3
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 2 Figure 1. Oat Processing Scheme
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 34 Figure 3. Relationship between HT2 concentration in raw oats and amount removed during processing
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	10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 6 7 8 9 10 11 12 13 6	F o r P e e r R e v i e w COLOUR SEPARATION GROAT (87.5 %) = 62 % of raw oat DISCOLOURED GROAT (12.5%) = 9% OAT FLAKE (62 %) Figure 4 Relative proportions of each oat product used to carry out mass balance calculations F o r P e e r R e v i e w Cereal flour, including maize flour, 750 Sample Mycotoxin Raw Oat Pellet Rejects Total Recovery, 75 no. oats flakes processed % maize grits and maize meal Bread, pastries, biscuits, cereal snacks and breakfast cereals 500 50 Processed cereal based foods for 200 20 DON <10* <10* 7 <10* <10* -F NIV 124 <10* 147 2 149 120 HT2 578 16 739 40 795 137 4 o T2 176 10 281 9 300 170 r infants and young children and baby food Table III. Mean and median mycotoxin concentration in oats from two different geographical origins DON 1230 43 1356 47 1446 118 P NIV 111 <10* 77 2 79 71 HT2 487 20 378 19 417 86 8 e T2 125 8 111 6 125 100 e DON 833 54 529 37 620 74 r NIV 204 7 182 7 196 96 HT2 588 28 500 22 550 94 9 R T2 184 11 149 6 166 90 Mycotoxin, concentration, µg/kg Mycotoxin UK/Ireland (n=8) Scandinavia (n=4) mean median mean median DON 13 <10 628 e DON 288 33 338 3 374 130 v NIV 181 <10* 208 <10 208 115 HT2 832 27 407 9 443 53 11 i T2 252 12 111 3 126 50 e 514 NIV 67 56 131 135 Mean all 99.3 w *= <10 in the analysed fraction
	14 7 8 9 10 11 12 13	T2 HT2	246 718	28 115	O n l y O n l y 135 128 466 471 O n l y
	14				
	15				
	16				
	17				
	18				
	19				
	20				
	21				
	22				
	23				
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Table VII .

 VII Ratio of concentrations of various pairs of mycotoxins in the raw oats 4based on results from the first 12 consignments examined. 5

			Mycotoxin, concentration, µg/kg		Mycotoxin ratios
		Sample DON NIV	T2	HT2	HT2/T2 HT2/DON HT2/NIV
		1	<10 *	66	53	257	4.8	no DON	3.9
		2	15	23	41	196	4.8	13.1	8.5
		3	20	142	103	386	3.7	19.3	2.7
		4	<10 *	109	154	504	3.3	no DON	4.6
		5	298	90	50	193	3.9	0.6	2.1
		6	<10 *	36	105	230	2.2	no DON	6.4
		7	26	105	958	2570	2.7	137.3	24.5
		8	1230	97	110	427	3.9	0.3	4.4
		9	731	179	161	516	3.2	0.7	2.9
		10	<10 * <10 *	73	217	3.0	no DON	no NIV
		11	253	159	221	730	3.3	2.9	4.6
		12	<10 * <10 *	527	1940	3.7	no DON	no NIV
		Mean	216 *	85 *	213	764	3.5	25	6.5
		Median	20	93	107	456	3.5	-
		SD	-	-	-	-	0.80	50	6.61
		% SD	-	-	-	-	23	201	102 +
	6	* Half the value of the limit of quantitation is included in the calculation of mean
	7	values of the mycotoxin levels.				
	8	+ But omitting ratio value for sample 7 then % SD is reduced to 43.5
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