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Supplementary Materials and Methods
Statistical analysis:
Log transformations were performed on gluten concentrations before statistical analyses were applied. Paired-Prentice Wilcoxon Tests were used to compare gluten concentration before and after filtration. To check if there was more gluten in the filtered PEP group than the filtered non-PEP group, proportional hazard models were applied on gluten difference (interval-censored data resulting from taking difference between non-censored data and left-censored data) between the final beer samples before and after filtration. All analyses were performed in SAS 9.4 and R3.5.1. The significance level was 0.05.



Supplementary Table 1.  Physical and chemical characteristics of wort and fermented beer.*
	Brew Trial
	PEP Dosage
	Processing Step
	Degrees Brix
	Specific Gravity
	% Alcohol (v/v)
	pH

	1
	None
	Wort after whirlpool
	13.0
	1.053
	-
	5.6

	
	
	12 days fermented
	7.0
	1.028
	3.31
	4.6

	
	
	1 week aging
	7.0
	1.028
	3.31
	4.5

	
	
	8.5 weeks aging
	6.6
	1.027
	3.44
	4.5

	
	
	8.5 weeks aging + filtration
	6.6
	1.026
	3.57
	4.5

	
	Half dose
	Wort after whirlpool
	13.0
	1.053
	-
	5.5

	
	
	12 days fermented
	8.0
	1.032
	2.91
	4.5.

	
	
	1 week aging
	7.6
	1.030
	3.17
	4.5

	
	
	8.5 weeks aging
	5.9
	1.023
	4.10
	4.5

	
	
	8.5 weeks aging + filtration
	5.1
	1.020
	4.50
	4.5

	
	Full dose
	Wort after whirlpool
	13.0
	1.053
	-
	5.6

	
	
	12 days fermented
	7.8
	1.030
	3.04
	4.6

	
	
	1 week aging
	7.2
	1.029
	3.17
	4.6

	
	
	8.5 weeks aging
	5.4
	1.020
	4.36
	4.5

	
	
	8.5 weeks aging + filtration
	5.4
	1.018
	4.63
	4.5

	
	Double dose
	Wort after whirlpool
	13.0
	1.053
	-
	5.6

	
	
	12 days fermented
	7.3
	1.029
	3.17
	4.6

	
	
	1 week aging
	7.2
	1.029
	3.17
	4.6

	
	
	8.5 weeks aging
	6.9
	1.027
	3.44
	4.6

	
	
	8.5 weeks aging + filtration
	6.9
	1.028
	3.31
	4.6

	2
	None
	Wort after whirlpool
	13.2
	1.053
	-
	5.6

	
	
	12 days fermented
	7.6
	1.030
	3.17
	4.6

	
	
	1 week aging
	6.2
	1.025
	3.83
	4.6

	
	
	8.5 weeks aging
	6.8
	1.026
	3.70
	4.6

	
	
	8.5 weeks aging + filtration
	6.3
	1.025
	3.83
	4.6

	
	Half dose
	Wort after whirlpool
	13.2
	1.053
	-
	5.6

	
	
	12 days fermented
	8.0
	1.032
	2.91
	4.5

	
	
	1 week aging
	7.0
	1.028
	3.44
	4.5

	
	
	8.5 weeks aging
	6.6
	1.026
	3.70
	4.5

	
	
	8.5 weeks aging + filtration
	6.6
	1.026
	3.70
	4.5

	
	Full dose
	Wort after whirlpool
	13.2
	1.053
	-
	4.6

	
	
	12 days fermented
	8.0
	1.032
	2.91
	4.5

	
	
	1 week aging
	5.8
	1.023
	4.10
	4.5

	
	
	8.5 weeks aging
	5.2
	1.021
	4.36
	4.5

	
	
	8.5 weeks aging + filtration
	5.2
	1.021
	4.36
	4.5

	
	Double dose
	Wort after whirlpool
	13.2
	1.053
	-
	5.6

	
	
	12 days fermented
	7.2
	1.029
	3.31
	4.5

	
	
	1 week aging
	7.2
	1.029
	3.31
	4.5

	
	
	8.5 weeks aging
	6.1
	1.024
	4.36
	4.5

	
	
	8.5 weeks aging + filtration
	5.8
	1.026
	4.36
	4.5

	3
	None
	Wort after whirlpool
	12.9
	1.052
	-
	5.6

	
	
	12 days fermented
	7.0
	1.028
	3.17
	4.5

	
	
	1 week aging
	6.8
	1.026
	3.44
	4.6

	
	
	8.5 weeks aging
	4.1
	1.016
	4.77
	4.5

	
	
	8.5 weeks aging + filtration
	3.5
	1.014
	5.16
	4.5

	
	Half dose
	Wort after whirlpool
	12.9
	1.052
	-
	5.6

	
	
	12 days fermented
	7.0
	1.030
	3.17
	4.6

	
	
	1 week aging
	6.0
	1.024
	3.97
	4.6

	
	
	8.5 weeks aging
	6.0
	1.024
	3.97
	4.6

	
	
	8.5 weeks aging + filtration
	5.6
	1.022
	4.23
	4.5

	
	Full dose
	Wort after whirlpool
	12.9
	1.052
	-
	5.6

	
	
	12 days fermented
	7.2
	1.029
	3.31
	4.5

	
	
	1 week aging
	6.2
	1.025
	3.83
	4.5

	
	
	8.5 weeks aging
	6.1
	1.024
	3.97
	4.5

	
	
	8.5 weeks aging + filtration
	6.6
	1.026
	3.70
	4.5

	
	Double dose
	Wort after whirlpool
	12.9
	1.052
	-
	5.6

	
	
	12 days fermented
	8.0
	1.032
	2.91
	4.5

	
	
	1 week aging
	6.9
	1.027
	3.57
	4.5

	
	
	8.5 weeks aging
	4.3
	1.017
	4.89
	4.5

	
	
	8.5 weeks aging + filtration
	4.9
	1.019
	4.63
	4.5


*Each value is the average of two measurements.

Supplementary Table 2. Properties of the gluten-specific ELISA kits.
	ELISA Test Kit
	Manufacturer
	Abbreviation
	Target
	Capture/Detector Antibody
	Extraction
	LOD (mg kg-1)
	LOQ (mg kg-1)

	RIDASCREEN® Gliadin Sandwich
	R-Biopharm AG
	R5 Sand
	Rye secalins
	R5
	Cocktail, 80% ethanol
	3
	5

	RIDASCREEN® Gliadin Competitive
	R-Biopharm AG
	R5 Comp
	Rye secalins
	Gliadin/R5
	Fish gelatin, 60% ethanol
	2.6
	10

	Morinaga Wheat Protein 
	Morinaga Institute of Biological Sciences
	Morinaga
	Wheat
	Polyclonal
	Sodium dodecyl sulfate, 2-mercaptoethanol
	0.26
	0.27








Supplementary Table 3(A). Average ELISA results for brew trial 1. 
	 
	 
	Gluten concentration (mg kg-1 gluten with CV %)

	
	
	Pre-Fermentation
	Primary Fermentation
	Secondary Fermentation/Aging (weeks)

	Test kit
	PEP concentration (μL/L wort)
	Wort before boil
	Wort after boil
	Wort after whirlpool
	12 days
	19 days
	26 days
	33 days
	47 days
	72 days
	72 days

	
	
	
	
	
	
	(1 week)
	(2 weeks)
	(3 weeks)
	(5 weeks)
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	
	
	
	 
	 
	 
	 
	 
	After filtration

	Morinaga
	0
	99 (3%)
	84 (2%)
	172 (9%)
	3 (1%)
	2 (3%)
	1 (8%)
	2 (5%)
	2 (2%)
	2 (4%)
	1 (1%)

	
	17
	
	
	
	7 (4%)
	7 (4%)
	7 (4%)
	7 (4%)
	7 (5%)
	6 (5%)
	0.3 (10%)

	
	34
	
	
	
	8 (3%)
	7 (3%)
	7 (2%)
	7 (2%)
	6 (2%)
	6 (0.2%)
	0.5 (4%)

	
	68
	
	
	
	7 (2%)
	8 (26%)
	6 (4%)
	6 (4%)
	6 (5%)
	5 (2%)
	0.3 (3%)

	R5 Sand
	0
	134 (2%)
	128 (4%)
	143 (5%)
	28 (4%)
	23 (6%)
	15 (5%)
	11 (2%)
	14 (4%)
	10 (5%)
	10 (9%)

	
	17
	
	
	
	80 (5%)
	50 (7%)
	39 (11%)
	35 (1%)
	27 (3%)
	20 (2%)
	<5

	
	34
	
	
	
	60 (4%)
	41 (2%)
	30 (5%)
	28 (4%)
	22 (7%)
	20 (5%)
	<5

	
	68
	
	
	
	51 (7%)
	36 (5%)
	30 (1%)
	21 (3%)
	17 (1%)
	13 (7%)
	<5

	R5 Comp
	0
	582 (31%)
	346 (9%)
	538 (17%)
	200 (9%)
	159 (12%)
	207 (8%)
	140 (6%)
	159 (15%)
	117 (19%)
	99 (10%)

	
	17
	
	
	
	240 (16%)
	189 (13%)
	217 (22%)
	188 (4%)
	82 (10%)
	76 (2%)
	14 (1%)

	
	34
	
	
	
	200 (18%)
	166 (3%)
	136 (4%)
	148 (5%)
	67 (18%)
	44 (18%)
	14 (1%)

	
	68
	
	
	
	173 (9%)
	126 (18%)
	132 (10%)
	47 (9%)
	33 (18%)
	26 (23%)
	14 (6%)





Supplementary Table 3(B). Average ELISA results for brew trial 2. 
	 
	 
	Gluten concentration (mg kg-1 gluten with CV %)

	
	
	Pre-Fermentation
	Primary Fermentation
	Secondary Fermentation/Aging (weeks)

	Test kit
	PEP concentration (μL/L wort)
	Wort before boil
	Wort after boil
	Wort after whirlpool
	12 days
	19 days
	26 days
	33 days
	47 days
	72 days
	72 days

	
	
	
	
	
	
	(1 week)
	(2 weeks)
	(3 weeks)
	(5 weeks)
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	
	
	
	 
	 
	 
	 
	 
	After filtration

	Morinaga
	0
	118 (7%)
	92 (3%)
	87 (3%)
	5 (3%)
	3 (3%)
	3 (1%)
	3 (1%)
	3 (2%)
	3 (1%)
	2 (9%)

	
	17
	
	
	
	6 (2%)
	5 (2%)
	5 (2%)
	5 (5%)
	4 (4%)
	3 (1%)
	<0.27

	
	34
	
	
	
	7 (2%)
	6 (1%)
	6 (1%)
	5 (1%)
	5 (1%)
	3 (4%)
	<0.27

	
	68
	
	
	
	6 (3%)
	5 (4%)
	5 (3%)
	4 (2%)
	3 (3%)
	3 (2%)
	<0.27

	R5 Sand
	0
	196 (3%)
	256 (4%)
	155 (8%)
	57 (20%)
	34 (3%)
	20 (6%)
	21 (8%)
	17 (7%)
	19 (10%)
	9 (1%)

	
	17
	
	
	
	52 (4%)
	27 (2%)
	21 (9%)
	12 (1%)
	10 (2%)
	5 (8%)
	<5

	
	34
	
	
	
	54 (5%)
	28 (3%)
	19 (9%)
	13 (11%)
	10 (2%)
	5 (3%)
	<5

	
	68
	
	
	
	36 (3%)
	19 (3%)
	15 (6%)
	10 (7%)
	6 (9%)
	<5
	<5

	R5 Comp
	0
	513 (5%)
	595 (6%)
	470 (8%)
	350 (11%)
	184 (10%)
	221 (13%)
	120 (2%)
	174 (11%)
	147 (7%)
	85 (3%)

	
	17
	
	
	
	200 (11%)
	95 (7%)
	34 (28%)
	22 (26%)
	15 (2%)
	16 (3%)
	14 (2%)

	
	34
	
	
	
	140 (3%)
	67 (6%)
	56 (11%)
	50 (14%)
	18 (10%)
	19 (14%)
	13 (5%)

	
	68
	
	
	
	144 (15%)
	51 (23%)
	14 (19%)
	14 (3%)
	13 (1%)
	16 (0.1%)
	14 (3%)




Supplementary Table 3(C). Average ELISA results for brew trial 3. 
	 
	 
	Gluten concentration (mg kg-1 gluten with CV %)

	
	
	Pre-Fermentation
	Primary Fermentation
	Secondary Fermentation/Aging (weeks)

	Test kit
	PEP concentration (μL/L wort)
	Wort before boil
	Wort after boil
	Wort after whirlpool
	12 days
	19 days
	26 days
	33 days
	47 days
	72 days
	72 days

	
	
	
	
	
	
	(1 week)
	(2 weeks)
	(3 weeks)
	(5 weeks)
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	
	
	
	 
	 
	 
	 
	 
	After filtration

	Morinaga
	0
	117 (5%)
	127 (3%)
	116 (6%)
	6 (0.3%)
	5 (5%)
	5 (2%)
	5 (1%)
	5 (2%)
	5 (2%)
	3 (0.5%)

	
	17
	
	
	
	10 (0.4%)
	11 (11%)
	9 (3%)
	9 (5%)
	9 (1%)
	8 (2%)
	0.9 (7%)

	
	34
	
	
	
	10 (2%)
	10 (1%)
	10 (4%)
	9 (2%)
	9 (3%)
	9 (2%)
	1 (4%)

	
	68
	
	
	
	9 (2%)
	9 (3%)
	9 (3%)
	8 (3%)
	8 (3%)
	8 (4%)
	0.7 (3%)

	R5 Sand
	0
	348 (7%)
	388 (9%)
	273 (8%)
	72 (4%)
	49 (3%)
	35 (9%)
	35 (6%)
	25 (1%)
	25 (2%)
	19 (4%)

	
	17
	
	
	
	130 (4%)
	93 (4%)
	94 (6%)
	79 (2%)
	60 (6%)
	45 (2%)
	<5

	
	34
	
	
	
	142 (6%)
	98 (2%)
	94 (8%)
	88 (10%)
	93 (11%)
	72 (8%)
	<5

	
	68
	
	
	
	104 (11%)
	81 (4%)
	67 (11%)
	88 (2%)
	45 (6%)
	35 (4%)
	<5

	R5 Comp
	0
	668 (12%)
	727 (8%)
	827 (19%)
	606 (16%)
	336 (5%)
	281 (12%)
	226 (6%)
	205 (2%)
	188 (1%)
	150 (6%)

	
	17
	
	
	
	487 (24%)
	196 (6%)
	228 (7%)
	203 (4%)
	167 (11%)
	78 (5%)
	14 (2%)

	
	34
	
	
	
	270 (16%)
	243 (12%)
	228 (14%)
	228 (6%)
	236 (9%)
	148 (11%)
	14 (2%)

	
	68
	
	
	
	486 (38%)
	302 (31%)
	206 (15%)
	180 (18%)
	117 (9%)
	72 (30%)
	12 (24%)



Please see Excel file Supplementary Table 3(D). Full set of ELISA data.



Supplementary Table 4(A). MS results for brew trial 1.
	 
	 
	Number of gluten peptides

	
	
	Pre-Fermentation
	Secondary Fermentation/Aging (weeks)

	
	PEP concentration (µL/L wort)
	Wort after whirlpool
	72 days
	72 days

	
	
	
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	 
	After filtration

	Chymotryptic
	0
	129
	24
	14

	
	34
	
	97
	14

	
	68
	
	46
	5

	Hydrolyzed
	0
	163
	291
	277

	
	34
	
	178
	151

	
	68
	
	142
	165



Supplementary Table 4(B). MS results for brew trial 2.
	 
	 
	Number of gluten peptides

	
	
	Pre-Fermentation
	Secondary Fermentation/Aging (weeks)

	
	PEP concentration (µL/L wort)
	Wort after whirlpool
	72 days
	72 days

	
	
	
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	 
	After filtration

	Chymotryptic
	0
	371
	19
	9

	
	34
	
	26
	14

	
	68
	
	21
	2

	Hydrolyzed
	0
	200
	326
	271

	
	34
	
	185
	167

	
	68
	
	125
	156



Supplementary Table 3(C). MS results for brew trial 3.
	 
	 
	Number of gluten peptides

	
	
	Pre-Fermentation
	Secondary Fermentation/Aging (weeks)

	
	PEP concentration (µL/L wort)
	Wort after whirlpool
	72 days
	72 days

	
	
	
	(8.5 weeks)
	(8.5 weeks)

	
	
	
	 
	After filtration

	Chymotryptic
	0
	478
	18
	11

	
	34
	
	169
	17

	
	68
	
	63
	4

	Hydrolyzed
	0
	193
	341
	348

	
	34
	
	163
	181

	
	68
	
	150
	154



Please see Excel file Supplementary Table 5. A list of gluten peptides identified by mass spectrometry.
Please see Excel file Supplementary Table 6. A list of gluten peptides identified by MS that contained immunopathogenic sequences and the AllergenOnline CELIAC database v2.


[image: ]Supplementary Figure 1. Pilot-scale brewing plant employed at the Department of Food Science at UW-Madison. Barley malt was added to pre-heated water (49°C) in the mash tun and mashed until the temperature reached 76.7°C. The wort was transferred to the lauter tun and lautered for 60 minutes. The wort was then transferred to the brew kettle where 28 g of hops were added and then boiled for 1 hour. The wort was clarified in the whirlpool and divided into four stainless steel fermentation kegs. Details of fermentation, PEP addition, and filtration are described in the main text. To limit cross-contamination, beer brewed in the presence of a double dose of PEP were filtered first, followed by beer brewed in the presence of a full dose of PEP, then beer brewed in the presence of a half dose of PEP, and finally beer brewed in the absence of PEP. To minimize freeze-thaw changes, the frozen samples collected from the UW-Madison pilot plant were thawed, aliquoted as 5 mL subsamples, and then immediately re-frozen at -20°C for future analysis.
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Supplementary Figure 2. The average percentage of peak area remaining after filtration for a subset of hydrolysed gluten peptides that were identified in each beer before and after filtration in all three brew trials.
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Supplementary Figure 3. The percentage of hydrolysed gluten peptides identified by MS in the final beer samples after filtration terminating in a proline residue.
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Supplementary Figure 4. The number of internal proline residues per hydrolysed gluten peptide identified by MS in the final beer samples after filtration.
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Supplementary Figure 5. Venn diagram of A) the total number of hydrolysed gluten peptides identified by MS and B) hydrolysed gluten peptides that contained ≥9 aa match to a known immunopathogenic sequence in the beer brewed in the presence of a full dose of PEP after filtration demonstrating the variability observed between the three brew trials.
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