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[bookmark: _Hlk156911412]Table S1: Validation spiking levels in the wheat.
	Mycotoxin
	Level 1 (ng/g)
	Level 2 (ng/g)
	Level 3 (ng/g)

	15-Acetyl-DON
	50
	100
	150

	3-Acetyl-DON
	50
	100
	150

	Enniatin A 
	50
	100
	150

	Enniatin A1
	50
	100
	150

	Enniatin B
	50
	100
	150

	Enniatin B1
	50
	100
	150

	Nivalenol 
	50
	100
	150

	ZEN-14-Glucoside (ZEN-14-G)
	50
	100
	150

	ZEN-16-Glucoside (ZEN-16-G)
	50
	100
	150

	ZEN-14-Sulfate (ZEN-14-S)
	50
	100
	150

	Moniliformin (MON)
	50
	100
	150

	DON-3-G
	50
	100
	150

	Zearalenone (ZEN)
	100
	200
	300

	Deoxynivalenol (DON)
	100
	200
	300

	Diacetoxyscirpenaol (DAS)
	25
	50
	75


Note: All at 0.5, 1 and 1.5 times a particular level (Level 2) to replicate the EC directive


[bookmark: _Hlk156911441]Table S2: The measurement uncertainty for each analyte.
	Analyte
	SD
	2.SD
	3.SD
	Conc. (ng/g)
	Ur (%)
	U (%)

	MON
	1.7
	3.3
	5.0
	35.1
	9%
	14%

	15-AcDON
	1.8
	3.7
	5.5
	41.2
	9%
	13%

	3-AcDON
	1.4
	2.8
	4.2
	34.0
	8%
	12%

	DAS
	1.3
	2.6
	3.9
	25.7
	10%
	15%

	DON
	3.9
	7.8
	11.7
	103.5
	8%
	11%

	DON-3-G 
	2.0
	3.9
	5.9
	47.4
	8%
	12%

	Enniatin A
	1.4
	2.8
	4.2
	42.4
	7%
	10%

	Enniatin A1
	2.1
	4.3
	6.4
	49.2
	9%
	13%

	Enniatin B
	3.6
	7.2
	10.7
	61.1
	12%
	18%

	Enniatin B1
	2.3
	4.6
	6.9
	54.9
	8%
	13%

	Nivalenol
	3.5
	6.9
	10.4
	53.4
	13%
	19%

	Zearalenone
	2.7
	5.3
	8.0
	100.1
	5%
	8%

	ZEN-14-G
	1.7
	3.4
	5.0
	53.8
	6%
	9%

	ZEN-14-S
	1.4
	2.8
	4.2
	17.7
	16%
	24%

	ZEN-16-G
	2.2
	4.3
	6.5
	55.6
	8%
	12%


 SD- Standard Deviation.
Ur: Relative expanded measurement uncertainty estimated from intra-laboratory validation (intermediate precision) data based on five lots of oats, close to 95% confidence interval.
U: Relative expanded measurement uncertainty estimated from intra-laboratory validation (intermediate precision) data based on five lots of oats, close to 99% confidence interval.








[bookmark: _Hlk156911461][bookmark: _Hlk152247217]Table S3: Mean values (n=3) of the Inter-Day Precision within lab reproducibility (WLR) method validation for wheat grains.
	
	Level 1
	
	
	
	Level 2
	
	
	
	Level 3
	
	
	

	Component Name
	Conc. (ng/g)
	SD
	RSDWLR
	RAWLR (%)
	Conc. (ng/g)
	SD
	RSDWLR
	RAWLR (%)
	Conc. (ng/g)
	SD
	RSDWLR
	RAWLR (%)

	MON
	35.1
	1.7
	4.7%
	70.2%
	72.3
	1.9
	2.7%
	72.3%
	111.7
	3.1
	2.7%
	74.4%

	15-AcDON 
	41.2
	1.8
	4.4%
	82.5%
	74.1
	2.3
	3.1%
	74.1%
	111.6
	5.0
	4.5%
	74.4%

	3-AcDON 
	34.0
	1.4
	4.1%
	68.1%
	68.8
	3.3
	4.8%
	68.8%
	103.9
	4.9
	4.7%
	69.2%

	DAS
	25.7
	1.3
	5.1%
	102.8%
	50.5
	1.8
	3.5%
	101.1%
	75.0
	1.9
	2.5%
	100.0%

	DON
	103.5
	3.9
	3.8%
	103.5%
	196.5
	6.8
	3.5%
	98.3%
	283.0
	10.4
	3.7%
	94.3%

	DON-3-G q
	47.4
	2.0
	4.1%
	94.7%
	90.9
	4.4
	4.8%
	90.9%
	137.1
	3.4
	2.5%
	91.4%

	Enniatin A
	42.4
	1.4
	3.3%
	84.8%
	87.5
	2.2
	2.6%
	87.5%
	132.1
	2.3
	1.7%
	88.1%

	Enniatin A1
	49.2
	2.1
	4.4%
	98.3%
	97.4
	3.6
	3.7%
	97.4%
	145.8
	4.2
	2.9%
	97.2%

	Enniatin B
	61.1
	3.6
	5.9%
	122.2%
	95.4
	5.0
	5.2%
	95.4%
	141.7
	4.4
	3.1%
	94.5%

	Enniatin B1
	54.9
	2.3
	4.2%
	109.7%
	96.0
	4.2
	4.3%
	96.0%
	144.6
	3.2
	2.2%
	96.4%

	Nivalenol
	53.4
	3.5
	6.5%
	106.9%
	96.9
	3.6
	3.7%
	96.9%
	139.4
	8.2
	5.9%
	92.9%

	Zearalenone
	100.1
	2.7
	2.7%
	100.1%
	190.6
	6.7
	3.5%
	95.3%
	282.5
	10.2
	3.6%
	94.2%

	ZEN-14-G
	53.8
	1.7
	3.1%
	107.5%
	107.1
	4.1
	3.8%
	107.1%
	161.1
	5.4
	3.4%
	107.4%

	ZEN-14-S
	17.7
	1.4
	8.0%
	35.4%
	33.3
	1.8
	5.4%
	33.3%
	51.1
	3.0
	5.9%
	34.1%

	ZEN-16-G
	55.6
	2.2
	3.9%
	111.2%
	111.7
	3.6
	3.2%
	111.7%
	167.3
	5.9
	3.5%
	111.5%


WLR- Within lab Reproducibility. RSD- Relative Standard Deviation. RA- Apparent Recovery. SD- Standard Deviation. Conc.- Concentration. 






[bookmark: _Hlk156911481]Table S4: Statistical differences in the concentrations of each analyte at all storage conditions using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	

	Levels
	DON
	DON-3-G
	ZEN
	ZEN-14-S
	ZEN-16-G
	ZEN-14-G

	Naturally contaminated wheat control
	aw
	One-way ANOVA
	0.0876
	0.0012
	0.2449
	0.2083
	0.1943
	-

	
	
	0.98- 0.95
	0.0136
	1.0000
	0.0066
	0.0037
	0.7091
	1.0000

	
	
	0.98- 0.93
	0.0136
	0.0133
	0.1267
	0.0015
	0.3184
	1.0000

	
	
	0.95-0.93
	0.0406
	0.0009
	0.0355
	0.1709
	0.1250
	1.0000

	
	T
	One-way ANOVA
	0.5338
	0.1850
	0.3873
	0.4740
	0.0001
	-

	
	
	25- 20
	0.6650
	0.2598
	0.1521
	0.3358
	0.0004
	1.0000

	Natural wheat +
F. graminearum
	aw
	One-way ANOVA
	<.0001
	<.0001
	<.0001
	0.0020
	0.3659
	0.0031

	
	
	0.98- 0.95
	0.0009
	0.0009
	0.0009
	0.0009
	0.9570
	0.0159

	
	
	0.98- 0.93
	0.0009
	0.0009
	0.0009
	0.0009
	0.6946
	0.0046

	
	
	0.95-0.93
	0.3720
	0.8664
	0.0101
	0.0101
	0.1773
	0.1709

	
	T
	One-way ANOVA
	0.8101
	0.6321
	0.4250
	0.6474
	0.0174
	0.4945

	
	
	25- 20
	0.7508
	0.7913
	0.3408
	0.9310
	0.0194
	0.4915

	Irradiated wheat control
	aw
	One-way ANOVA
	0.0594
	0.0314
	0.0073
	0.5263
	0.0117
	-

	
	
	0.98- 0.95
	0.0100
	0.0458
	0.0018
	0.0100
	0.0004
	1.0000

	
	
	0.98- 0.93
	0.1033
	0.0458
	0.0004
	0.0009
	0.4275
	1.0000

	
	
	0.95-0.93
	0.0323
	0.6946
	0.3816
	0.2246
	0.0375
	1.0000

	
	T
	One-way ANOVA
	0.0622
	0.0719
	0.0414
	0.1685
	0.0069
	-

	
	
	25- 20
	0.0539
	0.3297
	0.3358
	0.9274
	0.0243
	1.0000

	Irradiated wheat +
F. graminearum
	aw
	One-way ANOVA
	<.0001
	<.0001
	0.0005
	0.1673
	0.2226
	<.0001

	
	
	0.98- 0.95
	0.0009
	0.0009
	0.0313
	0.4002
	0.4309
	0.0135

	
	
	0.98- 0.93
	0.0009
	0.0009
	0.0009
	1.0000
	0.2271
	0.0006

	
	
	0.95-0.93
	0.0009
	0.2271
	0.0039
	1.0000
	0.4948
	0.0092

	
	T
	One-way ANOVA
	0.2162
	0.3590
	0.0227
	0.0891
	0.1170
	0.5381

	
	
	25- 20
	0.3123
	0.6236
	0.0262
	<.0001
	0.0999
	0.2994





















[bookmark: _Hlk154594079][bookmark: _Hlk156911502]Table S5: Statistical differences in the ratios of DON-3-G to DON at each water activity and temperature for all treatments using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	Mycotoxins
	NWC
	NWFG
	RWC
	RWFG

	
	Aw, ToC
	ANOVA
	Wilcoxon
	ANOVA
	Wilcoxon
	ANOVA
	Wilcoxon
	ANOVA
	Wilcoxon

	DON-3-G: DON
	0.93, 20
	0.1207
	0.1939
	<0.0001
	0.0304
	0.2352
	0.6446
	0.0061
	0.0304

	DON-3-G: DON
	0.93, 25
	0.0069
	0.0304
	<0.0001
	0.0211
	0.0415
	0.0294
	0.2992
	0.3123

	DON-3-G: DON
	0.95, 20
	<0.0001
	0.0304
	0.0014
	0.0211
	0.0440
	0.0689
	0.0003
	0.0304

	DON-3-G: DON
	0.95, 25
	0.0013
	0.0304
	0.0143
	0.0304
	0.4015
	1.0000
	0.0041
	0.0304

	DON-3-G: DON
	0.98, 20
	0.2533
	0.0384
	0.0110
	0.0304
	0.1510
	0.1939
	0.0005
	0.0304

	DON-3-G: DON
	0.98, 25
	0.0711
	0.0304
	0.0039
	0.0304
	0.0651
	0.0200
	<0.0001
	0.0304


NWC- Naturally contaminated wheat control. NWFG- Natural wheat +
F. graminearum. RWC- Irradiated wheat control. RWFG- Irradiated wheat + F. graminearum.

[bookmark: _Hlk156911521]Table S6: Statistical differences in the ratios of zearalenone (ZEN) to its conjugates at each water activity and temperature in the natural wheat control using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	Mycotoxins
	
	Naturally contaminated wheat control

	
	
	0.93, 20
	0.93, 25
	0.95, 20
	0.95, 25
	0.98, 20
	0.98, 25

	
	ANOVA
	0.2232
	0.0001
	<.0001
	0.0643
	0.4948
	0.05588

	ZEN-16-G: ZEN-14-G
	Wilcoxon
	0.0211
	0.0211
	0.0211
	1.0000
	0.0689
	0.0211

	ZEN-16-G: ZEN-14-S
	Wilcoxon
	0.0211
	0.0211
	0.0211
	0.1859
	0.2454
	0.0304

	ZEN-16-G: ZEN
	Wilcoxon
	0.3094
	0.0304
	0.0211
	0.0211
	0.0304
	0.3123

	ZEN-14-S: ZEN-14-G
	Wilcoxon
	1.0000
	1.0000
	1.0000
	0.1859
	0.0689
	0.0211

	ZEN=14-G-ZEN
	Wilcoxon
	0.1859
	0.0211
	1.0000
	0.0211
	0.0211
	0.0689

	ZEN-14-S: ZEN
	Wilcoxon
	0.1859
	0.0211
	1.0000
	0.8845
	1.0000
	0.1939







[bookmark: _Hlk156911548]Table S7: Statistical differences in the ratios of zearalenone (ZEN) to its conjugates at each water activity and temperature in the natural wheat + F. graminearum using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	Mycotoxins
	
	Natural wheat + F. graminearum

	
	
	0.93, 20
	0.93, 25
	0.95, 20
	0.95, 25
	0.98, 20
	0.98, 25

	
	ANOVA
	<.0001
	0.2604
	0.1291
	0.0805
	0.0145
	0.0027

	ZEN-16-G: ZEN-14-G
	Wilcoxon
	0.0211
	1.0000
	0.0211
	0.6446
	0.7715
	0.1241

	ZEN-16-G: ZEN-14-S
	Wilcoxon
	0.0304
	0.0211
	0.0304
	0.0294
	0.0304
	0.0265

	ZEN-16-G: ZEN
	Wilcoxon
	0.0304
	0.0211
	0.0304
	0.0294
	0.0304
	0.0265

	ZEN-14-S: ZEN-14-G
	Wilcoxon
	0.0211
	0.0211
	0.0211
	0.0294
	0.0304
	0.0304

	ZEN-14-G: ZEN
	Wilcoxon
	0.0211
	0.0211
	0.0211
	0.0294
	0.0304
	0.0304

	ZEN-14-S: ZEN
	Wilcoxon
	0.0304
	0.6650
	0.6650
	0.8852
	1.0000
	0.1124




[bookmark: _Hlk156911569]Table S8: Statistical differences in the ratios of zearalenone (ZEN) to its conjugates at each water activity and temperature in the irradiated wheat control using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	Mycotoxins
	
	Irradiated wheat control

	
	
	0.93, 20
	0.93, 25
	0.95, 20
	0.95, 25
	0.98, 20
	0.98, 25

	
	ANOVA
	<.0001
	-
	-
	0.4299
	0.0001
	<.0001

	ZEN-16-G: ZEN-14-G
	Wilcoxon
	0.0211
	1.0000

	1.0000

	1.0000
	0.0211
	0.0211

	ZEN-16-G: ZEN-14-S
	Wilcoxon
	0.0294
	1.0000

	1.0000

	0.4533
	0.6650
	0.0606

	ZEN-16-G: ZEN
	Wilcoxon
	0.0211
	1.0000

	1.0000

	0.4533
	0.0606
	0.0211

	ZEN-14-S: ZEN-14-G
	Wilcoxon
	0.0202
	1.0000

	1.0000

	0.4533
	0.0211
	0.0211

	ZEN-14-G: ZEN
	Wilcoxon
	1.0000
	1.0000

	1.0000

	0.4533
	0.0211
	0.0304

	ZEN-14-S: ZEN
	Wilcoxon
	0.0202
	1.0000
	1.0000
	1.0000
	0.0304
	0.0304





[bookmark: _Hlk156911598]Table S9: Statistical differences in the ratios of zearalenone (ZEN) to its conjugates at each water activity and temperature in the irradiated wheat + F. graminearum using one-way ANOVA and nonparametric comparisons for each pair using Wilcoxon method.
	Mycotoxins
	
	Irradiated wheat+ F. graminearum

	
	
	0.93, 20
	0.93, 25
	0.95, 20
	0.95, 25
	0.98, 20
	0.98, 25

	
	ANOVA
	0.008
	<.0001
	0.0352
	0.0006
	<.0001
	<.0001

	ZEN-16-G: ZEN-14-S
	Wilcoxon
	0.0211
	0.3005
	0.6573
	0.0304
	0.0304
	0.0304

	ZEN-16-G: ZEN
	Wilcoxon
	0.4705
	0.0304
	0.0689
	0.0304
	0.0211
	0.0304

	ZEN-16-G: ZEN
	Wilcoxon
	0.0304
	0.0304
	0.0304
	0.0304
	0.0304
	0.0304

	ZEN-14-S: ZEN-14-G
	Wilcoxon
	0.0211
	0.0265
	0.1859
	0.0304
	0.0211
	0.0304

	ZEN-14-G:
ZEN
	Wilcoxon
	0.0211
	0.0265
	0.0294
	0.0304
	0.0304
	0.0304

	ZEN-14-S: ZEN
	Wilcoxon
	0.0304
	0.0304
	0.0211
	0.0304
	0.0211
	0.0304








