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Fig. S1 Particle-size distribution of the raw straw used during S1-S6 pretreatment experiments.
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Fig. S2 Acid soaking system used to impregnate and prepare straw for steam explosion experiments. (A) acid soak tank, (B) Nutsche filter, and (C) soaked straw.
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Fig. S3 Pretreatment system used during the steam explosion experiments. (A) steam explosion reactor, (B) and (C) reactor’s feeding, (D) reactor’s discharging device (blow valve), (E) flash tank (atmospheric cyclone), and (F) pretreated slurry.


	
	


Fig. S4 Crystallinity index and lignin conversion results of the acid-catalyzed initial experiments as a function of pretreatment severity.
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Fig. S5 13C ssNMR (CPMAS-DEC) spectra of the raw and pretreated straws obtained under the S1-S4 (A) and S5-S6 (B) soaking and pretreatment conditions, normalized based on the 31-36 ppm peaks.



Fig. S6 Decay of the CPMG signals (1H NMR relaxometry measurements) of the raw and pretreated straws obtained under the S2 and S4 pretreatment conditions.


[bookmark: _Ref139141369]Table S1 Straw composition and acid soaking conditions of the initial experiments and the S1-S6 trials.
	
	Initial Exp.
	S1
	S2
	S3
	S4
	S5
	S6

	Straw size (mm)
	5.0±0.4
	7.3±0.6
	3.9±0.4
	3.9±0.4
	3.9±0.4
	3.9±0.4
	3.9±0.4

	Raw straw glucan (mg/g)
	336.1±5.7
	342.9±8.2
	365.1±11.1
	365.1±11.1
	365.1±11.1
	365.1±11.1
	365.1±11.1

	Raw straw xylan (mg/g)
	220.5±9.6
	210.0±5.4
	222.8±6.3
	222.8±6.3
	222.8±6.3
	222.8±6.3
	222.8±6.3

	Raw straw lignin (mg/g)
	221.8±1.9
	n/d
	n/d
	n/d
	n/d
	n/d
	n/d

	Raw straw extractives (mg/g)
	61.1±3.7
	n/d
	n/d
	n/d
	n/d
	n/d
	n/d

	Raw straw ash (mg/g)
	50.7±0.3
	50.4±0.7
	33.7±0.2
	33.7±0.2
	33.7±0.2
	33.7±0.2
	33.7±0.2

	Raw straw acetyl (mg/g)
	34.0±0.1
	n/d
	n/d
	n/d
	n/d
	n/d
	n/d

	Soaking pH
	1.24
	1.27
	1.17
	1.36
	1.45
	1.23
	1.19

	Sulfuric acid (%wt solution)
	0.67
	0.63
	0.63
	0.63
	0.63
	0.67
	0.82

	Sulfuric acid (%wt biomass)
	2.92
	3.15
	3.15
	3.38
	3.29
	3.46
	3.71

	Metabisulfite (%wt solution)
	0.00
	0.00
	0.00
	0.16
	0.31
	0.00
	0.26

	Metabisulfite (%wt biomass)
	0.00
	0.00
	0.00
	0.85
	1.65
	0.00
	1.19

	Raw straw (kg dry basis)
	23.8
	8.0
	8.0
	8.0
	8.0
	8.4
	8.4

	Soaked straw (kg dry basis)
	21.0
	7.2
	7.2
	7.4
	7.5
	7.4
	7.7

	Soaked straw ins. solids (%)
	19.9±0.2
	19.6±0.1
	18.6±0.2
	22.9±0.3
	21.0±0.1
	22.9±0.2
	21.6±0.3

	Soaking solids yield (%wt)
	11.7
	9.9
	9.6
	7.2
	6.1
	11.9
	8.0

	Dewatering relation (%wt)
	82.0
	78.8
	78.9
	77.3
	77.9
	77.5
	80.1

	Soaked straw glucan (mg/g)
	354.6±8.8
	376.8±10.2
	379.1±12.0
	355.6±3.2
	347.3±4.9
	371.1±2.0
	362.8±2.1

	Soaked straw xylan (mg/g)
	228.1±10.0
	232.7±7.9
	234.3±6.8
	214.5±2.5
	211.5±1.9
	229.2±1.5
	225.0±3.9

	Soaked straw lignin (mg/g)
	248.3±4.9
	275.2±0.7
	273.3±0.9
	274.5±1.1
	267.1±1.0
	n/d
	n/d

	Soaked straw ash (mg/g)
	44.6±0.2
	28.0±0.5
	30.9±1.0
	37.2±0.8
	43.1±0.6
	n/d
	n/d

	Soaked straw acetyl (mg/g)
	16.1±0.1
	n/d
	n/d
	n/d
	n/d
	n/d
	n/d





Table S2 Pretreatment and hydrolysis data of the acid-catalyzed initial experiments.
	
	Unit
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	PRETREATMENT
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pretreatment Severity
	-
	1.04
	1.15
	1.26
	1.49
	1.74
	1.74
	1.74
	1.88
	1.96
	1.96
	2.33
	2.33

	Pretreatment Pressure
	barG
	7.1
	6
	10.2
	7.1
	10.2
	10.2
	10.2
	14.3
	10.2
	10.2
	14.3
	16.2

	Pretreatment Temperature
	°C
	171
	165
	185
	171
	185
	185
	185
	199
	185
	185
	199
	205

	Pretreatment time
	sec
	95
	180
	60
	265
	180
	180
	180
	95
	300
	300
	265
	180

	Soaked Straw (dry basis)
	kg
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0

	Pretreated Slurry
	kg
	10.6
	11.5
	11.2
	11.2
	11.8
	11.1
	11.6
	12.1
	11.9
	11.1
	12.1
	11.7

	Pretreated Slurry Insoluble Solids
	%
	6.3±0.0
	5.7±0.1
	5.7±0.2
	5.8±0.1
	5.0±0.0
	5.5±0.1
	5.4±0.0
	5.0±0.0
	5.3±0.0
	5.4±0.0
	4.9±0.1
	4.9±0.0

	Pretreatment Solids Yield
	%
	68.0
	66.2
	65.1
	65.8
	59.9
	61.8
	63.3
	61.2
	63.6
	60.1
	59.7
	57.7

	Pulp Glucan
	mg/g
	483.9±4.5
	489±9.7
	495.9±1.9
	498±1.3
	523±2.0
	523.3±1.9
	504.9±6.6
	513.1±1.0
	504.2±5.4
	520.1±8.6
	505.8±3.5
	509.1±7.4

	Pulp Xylan
	mg/g
	103.1±6
	103±2.1
	85.1±7.3
	77.8±2
	48±4.1
	57.9±1.6
	72.3±2.6
	74.4±0.8
	66.1±1.6
	52.6±4.1
	48.2±0.9
	37.3±2.9

	Pulp Lignin
	mg/g
	302.1±10.6
	288.9±6.8
	291.7±5.0
	317.4±1.1
	322.9±4.6
	315.4±0.2
	315±3.2
	313.2±3.8
	318.1±2.8
	327.1±0.8
	337.1±2.2
	350.7±0.9

	Crystallinity Index
	%
	n/d
	42.1±1.7
	42.2±2.2
	43.2±3.1
	n/d
	n/d
	44.0±2.1
	45.2±0.8
	45.1±0.7
	44.2±2.9
	39.9±2.0
	40.4±2.5

	Pretreated Slurry Xylose
	g/L
	15.4±0.7
	14.4±0.6
	16.3±0.0
	17.6±1.9
	17.7±0.0
	16.9±0.0
	15.3±0.0
	15.0±0.0
	15.6±0.4
	17.7±0.5
	13.7±1.0
	14.2±1.1

	Pretreated Slurry Glucose
	g/L
	1.8±0.2
	1.7±0.1
	2.3±0.0
	2.2±0.1
	3.0±0.0
	2.7±0.0
	2.5±0.0
	2.9±0.2
	2.7±0.0
	3.1±0.1
	3.8±0.3
	4.4±0.4

	Pretreated Slurry Xylo-Oligo.
	g/L
	2.3
	3.2
	1.0
	0.4
	1.1
	n/d
	1.5
	1.1
	n/d
	2.6
	1.0
	1.7

	Pretreated Slurry Furfural
	mg/L
	90±10
	100±8
	237±5
	207±27
	487±20
	377±31
	320±25
	672±86
	620±55
	567±40
	949±80
	942±75

	Pretreated Slurry HMF
	mg/L
	24±1
	27±1
	58±1
	41±1
	106±8
	73±4
	66±2
	139±3
	103±6
	105±5
	252±10
	298±8

	Pretreatment Xylose Yield
	%
	59.9±2.6
	60.9±2.5
	67.4±2.9
	72.1±4.8
	77.1±2.1
	68.8±3.0
	65.7±3.5
	67±1.4
	68.5±1.6
	72.5±2.2
	61.1±4.7
	61.3±4.9

	Pretreatment Glucose Yield
	%
	4.5±0.4
	4.7±0.2
	6.3±0.2
	6.0±0.4
	8.7±0.4
	7.3±0.4
	7.0±0.5
	8.5±0.5
	7.8±0.1
	8.4±0.2
	11.3±1.0
	12.5±1.1

	Pretreatment Xylo-Oligo. Yield
	%
	8.7
	13.5
	4.0
	1.7
	4.9
	n/d
	6.4
	5.1
	n/d
	10.5
	4.4
	7.3

	Pretreatment Xylan Conversion
	%
	69.2±4.0
	70.1±1.4
	75.7±6.5
	77.6±2.0
	87.4±7.5
	84.3±2.3
	79.9±2.9
	80.1±0.8
	81.6±2.0
	86.1±6.8
	87.4±1.7
	90.6±7.0

	Pretreatment Glucan Conversion
	%
	7.1±0.1
	8.8±0.2
	8.9±0.0
	7.6±0.0
	11.7±0.0
	8.8±0.0
	9.8±0.1
	11.5±0.0
	9.5±0.1
	11.8±0.2
	14.8±0.1
	17.1±0.2

	Pretreatment Lignin Conversion
	%
	n/d
	23.0±0.8
	23.5±1.0
	n/d
	22.1±0.9
	21.5±0.1
	n/d
	22.8±1.1
	n/d
	20.8±0.2
	18.9±0.6
	18.5±0.3

	HYDROLYSIS
	
	
	
	
	
	
	
	
	
	
	
	
	

	Accessibility
	%
	76.1±0.7
	78.5±4.5
	81.2±3.5
	82.6±4.4
	85.0±1.8
	87.2±2.1
	88.9±2.9
	83.3±2.2
	84.9±2.8
	84.0±1.8
	84.9±0.8
	85.6±4.6

	Maximum Theoretical Glucose
	g/L
	61.3
	60.2
	61.8
	62.4
	64.6
	64.2
	62.2
	63.9
	61.5
	64.3
	62.3
	62.9

	Maximum Theoretical Xylose
	g/L
	13.0
	12.7
	10.6
	9.7
	5.9
	7.1
	8.9
	9.3
	8.1
	6.5
	5.9
	4.6

	6.3 mg/gCel enzyme dosage
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrolysis Initial Glucose
	g/L
	0.9
	0.3
	0.3
	0.3
	1.9
	0.5
	0.5
	1.0
	0.5
	0.4
	0.5
	0.9

	Hydrolysis Initial Xylose
	g/L
	3.1
	2.2
	2.6
	3.8
	3.2
	2.3
	2.7
	2.2
	1.8
	1.9
	1.7
	2.4

	Hydrolysis Final Glucose
	g/L
	36.3±0.3
	36.2±0.2
	39.0±2.5
	39.2±0.4
	45.6±1.7
	44.4±0.1
	42.3±0.2
	45.4±0.7
	43.2±0.9
	44.7±1.0
	43.7±1.4
	46.6±0.7

	Hydrolysis Final Xylose
	g/L
	3.6±0.1
	3.7±0.1
	2.8±0.2
	4.2±0.1
	3.0±0.1
	3.0±0.1
	3.0±0.1
	3.5±0.3
	2.7±0.2
	2.7±0.1
	3.3±0.4
	4.0±0.1

	Hydrolysis Glucose Yield
	%
	57.7±0.6
	59.6±0.3
	62.7±4.0
	62.3±0.7
	67.5±2.6
	68.5±0.1
	67.2±0.4
	69.5±1.1
	69.3±1.4
	69±1.6
	69.2±2.3
	72.6±1.0

	Hydrolysis Xylose Yield
	%
	0.0±0.0
	12.0±0.3
	0.0±0.0
	4.6±0.1
	0.0±0.0
	9.4±0.3
	0.0±0.0
	14.1±1.4
	11.5±0.6
	11.4±0.3
	26.8±3.0
	34.3±1.2

	Global Glucose Yield
	g/kg
	228.8
	232.5
	249.8
	250.7
	269.3
	274.9
	266.5
	275.9
	278.0
	272.7
	276.9
	286.2

	Global Xylose Yield
	g/kg
	155.3
	167.2
	174.6
	189.6
	199.7
	182.1
	170.4
	181.0
	183.1
	192.0
	167.3
	167.2

	Global Monomers Yield
	%
	58.8
	61.2
	65.0
	67.4
	71.8
	70.0
	66.9
	70.0
	70.6
	71.1
	68.0
	69.4

	12.6 mg/gCel enzyme dosage
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrolysis Initial Glucose
	g/L
	1.0
	0.5
	0.4
	0.4
	2.1
	0.6
	0.6
	1.1
	0.6
	0.5
	0.7
	1.1

	Hydrolysis Initial Xylose
	g/L
	3.2
	2.3
	2.7
	3.9
	3.3
	2.4
	2.8
	2.3
	1.9
	2.0
	1.8
	2.5

	Hydrolysis Final Glucose
	g/L
	38.1±1.1
	38.2±2.1
	44.6±2.2
	45.8±2.0
	52.3±2.7
	51.7±3.5
	51.6±2.3
	53±2.2
	48.7±1.9
	51.9±3.3
	51.5±1.5
	52.9±4.2

	Hydrolysis Final Xylose
	g/L
	7.0±0.1
	6.5±0.3
	6.0±0.2
	8.3±0.4
	6.1±0.3
	6.1±0.5
	6.8±0.5
	5.6±0.2
	4.8±0.1
	5.0±0.2
	4.8±0.4
	5.1±0.3

	Hydrolysis Glucose Yield
	%
	60.5±1.7
	62.6±3.5
	71.5±3.5
	72.7±3.1
	77.7±4.1
	79.6±5.4
	81.9±3.4
	81.2±3.9
	78.0±2.7
	79.9±5.1
	81.5±2.4
	82.3±6.6

	Hydrolysis Xylose Yield
	%
	29.6±0.5
	33.3±1.3
	31.4±1.1
	45.4±2.3
	46.1±2.6
	51.6±4.1
	44.6±3.5
	36.3±1.4
	36.5±1.1
	46.1±2.1
	50.3±4.1
	56.2±3.4

	Global Glucose Yield
	g/kg
	239.1
	243.5
	281.7
	288.4
	304.6
	314.7
	318.5
	316.8
	309.1
	310.9
	318.1
	318.0

	Global Xylose Yield
	g/kg
	178.9
	183.7
	194.4
	213.3
	214.8
	199.3
	193.6
	192.5
	195.0
	204.4
	174.9
	172.5

	Global Monomers Yield
	%
	64.0
	65.4
	72.9
	76.8
	79.5
	78.7
	78.4
	78.0
	77.2
	78.9
	75.5
	75.1



Table S3 ANOVA of the global monomers yield model of the acid-catalyzed initial experiments (R2 = 99.40%).
	Source of variation
	Sum of squares
	Degrees of freedom
	Mean squares
	F calc
	p-value

	Regression
	289.0
	5
	57.8
	166.5
	0.0000

	Residual error
	1.7
	5
	0.3
	
	

	Lack of fit
	1.1
	3
	0.4
	1.1
	0.5163

	Pure error
	0.7
	2
	0.3
	
	

	Total
	290.8
	10
	
	
	





Table S4 Pretreatment and hydrolysis data of the combined acid- and bisulfite-catalyzed experiments (S1-S4 trials).
	
	Unit
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	PRETREATMENT
	
	
	
	
	
	
	
	
	
	
	
	
	

	Soaking Trial
	
	S1
	S1
	S1
	S2
	S2
	S2
	S3
	S3
	S3
	S4
	S4
	S4

	Pretreatment Severity
	-
	1.87
	1.99
	2.09
	1.97
	2.09
	2.19
	1.78
	1.90
	2.00
	1.69
	1.81
	1.91

	Pretreatment time
	sec
	150
	200
	250
	150
	200
	250
	150
	200
	250
	150
	200
	250

	Pretreatment pH
	-
	1.27
	1.27
	1.27
	1.17
	1.17
	1.17
	1.36
	1.36
	1.36
	1.45
	1.45
	1.45

	Soaked Straw (dry basis)
	kg
	2.0
	2.0
	2.0
	2.1
	2.1
	2.1
	2.2
	2.2
	2.2
	1.9
	1.9
	1.9

	Pretreated Slurry
	kg
	18.3
	19.2
	18.5
	19.2
	19.4
	19.3
	18.4
	18.2
	18.7
	18.9
	18.1
	18.1

	Pretreated Slurry Insoluble Solids
	%
	7.1±0.1
	6.7±0.2
	6.7±0.1
	6.8±0.1
	6.5±0.0
	6.5±0.0
	6.9±0.0
	6.9±0.0
	6.8±0.1
	6.3±0.0
	6.7±0.0
	6.7±0.0

	Pretreatment Solids Yield
	%
	63.8
	62.6
	61.1
	61.7
	59.4
	58.7
	58.8
	57.9
	58.7
	63.1
	64.3
	64.4

	Pulp Glucan
	mg/g
	544±12.3
	552.6±18.8
	563.9±11.6
	551.2±18.9
	558.2±17.9
	562.8±2.2
	555.9±5.5
	555.7±1.3
	550.4±0.5
	509.9±0.9
	503.7±9.0
	504.5±1.9

	Pulp Xylan
	mg/g
	22.8±2.1
	18.7±0.7
	18.1±0.7
	18.2±0.3
	17±0.3
	15.3±0.1
	25.3±1.0
	25.2±0.3
	22.1±0.3
	36±3.5
	34.3±1.1
	32.9±2.6

	Pulp Lignin
	mg/g
	342.5±7.7
	341.7±0.5
	347.7±2.3
	362.9±2.1
	362.3±0.3
	376.5±7.0
	331.9±5.1
	337.6±3.7
	337.7±5.4
	323.6±7.0
	314.4±6.9
	328.4±0.8

	Pretreated Slurry Xylose
	g/L
	24.8±0.9
	22.8±0.8
	22.8±0.8
	24.9±0.8
	23.2±0.9
	22.2±0.6
	21.5±0.7
	20.8±0.7
	18.3±0.7
	17.4±0.7
	17.4±0.8
	16±0.6

	Pretreated Slurry Glucose
	g/L
	3.4±0.4
	3.6±0.4
	3.7±0.3
	4.8±0.4
	5.4±0.2
	5.6±0.1
	3.7±0.2
	4.2±0.2
	4.0±0.1
	2.3±0.1
	2.2±0.1
	2.1±0.2

	Pretreated Slurry Furfural
	mg/L
	589±5
	799±34
	938±78
	990±18
	1168±101
	1343±39
	851±37
	1070±50
	998±11
	663±21
	749±90
	788±50

	Pretreated Slurry HMF
	mg/L
	164±58
	196±9
	241±5
	250±4
	305±4
	325±32
	193±28
	289±5
	275±4
	150±10
	135±16
	138±21

	Pretreatment Xylose Yield
	%
	78.2±2.8
	75.8±2.7
	72.9±2.6
	78.8±2.4
	74.3±2.9
	70.5±2.0
	69.9±2.2
	66.9±2.2
	60.4±2.3
	67.4±2.6
	64.5±2.9
	59.5±2.1

	Pretreatment Glucose Yield
	%
	6.7±0.9
	7.6±0.8
	7.5±0.7
	9.6±0.7
	11.0±0.3
	11.2±0.2
	7.4±0.4
	8.4±0.4
	8.2±0.3
	5.5±0.3
	5.0±0.3
	4.9±0.5

	Pretreatment Xylan Conversion
	%
	93.7±8.6
	95.0±3.7
	95.2±3.8
	95.2±1.7
	95.7±1.9
	96.2±0.9
	93.1±3.6
	93.2±0.9
	94.0±1.5
	89.2±8.6
	89.6±2.8
	90.0±7.1

	Pretreatment Glucan Conversion
	%
	7.9±0.2
	8.2±0.3
	8.6±0.2
	10.3±0.7
	12.6±0.6
	12.8±0.0
	8.1±0.1
	9.4±0.0
	9.1±0.0
	7.3±0.0
	6.8±0.1
	6.4±0.0

	Pretreatment Lignin Conversion
	%
	20.6±0.6
	22.3±0.0
	22.8±0.2
	18.1±0.1
	21.3±0.0
	19.1±0.4
	28.9±0.4
	28.7±0.3
	27.7±0.4
	23.5±0.5
	24.3±0.7
	20.8±0.1

	HYDROLYSIS
	
	
	
	
	
	
	
	
	
	
	
	
	

	Accessibility
	%
	92.9±0.8
	95.1±3.0
	92.8±2.2
	91.6±0.7
	92.4±1.2
	92.5±1.0
	94.0±1.2
	96.1±1.5
	96.3±1.5
	98.0±1.1
	100.9±1.1
	99.6±0.8

	Maximum Theoretical Glucose
	g/L
	64.7
	65.7
	67.0
	65.6
	66.4
	66.9
	66.1
	66.1
	65.5
	60.8
	60.1
	60.2

	Maximum Theoretical Xylose
	g/L
	2.7
	2.2
	2.2
	2.2
	2.0
	1.8
	3.0
	3.0
	2.6
	4.3
	4.1
	3.9

	6.3 mg/gCel enzyme dosage
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrolysis Initial Glucose
	g/L
	0.8
	1.0
	1.1
	1.3
	1.2
	1.5
	0.8
	0.9
	1.1
	0.6
	0.5
	0.7

	Hydrolysis Initial Xylose
	g/L
	4.5
	4.5
	4.5
	4.8
	4.1
	4.9
	3.5
	3.3
	2.9
	3.5
	3.1
	3.3

	Hydrolysis Final Glucose
	g/L
	52.0±1.6
	50.6±1.1
	51.1±1.1
	52.1±1.1
	50.6±1.1
	49.7±1.0
	50.2±0.3
	50.9±0.3
	52.2±0.1
	47.1±1.0
	48.5±0.6
	50.4±1.0

	Hydrolysis Final Xylose
	g/L
	5.6±0.3
	5.4±0.2
	5.0±0.2
	5.3±0.3
	4.5±0.1
	5.2±0.1
	4.5±0.1
	3.7±0.2
	3.6±0.2
	4.9±0.4
	4.7±0.3
	4.9±0.5

	Hydrolysis Glucose Yield
	%
	78.9±2.8
	75.3±2.0
	74.5±1.9
	77.2±1.9
	74.4±2.0
	71.9±1.8
	74.6±0.5
	75.4±0.4
	77.8±0.2
	76.4±1.7
	79.7±0.9
	82.5±1.6

	Hydrolysis Xylose Yield
	%
	42.4±2.1
	37.8±1.5
	24.7±1.1
	22.9±1.8
	21.7±0.7
	16.8±0.4
	33.4±0.5
	16.0±0.8
	26.8±1.1
	32.1±2.6
	38.9±2.8
	39.5±3.6

	Global Glucose Yield
	g/kg
	332.6
	321.2
	316.5
	332.1
	320.1
	311.3
	300.4
	302.9
	312.2
	294.2
	305.9
	316.8

	Global Xylose Yield
	g/kg
	213.8
	205.6
	195.9
	212.8
	200.3
	189.5
	176.1
	165.6
	151.2
	170.2
	164.8
	152.5

	Global Monomers Yield
	%
	80.0
	77.1
	75.0
	79.3
	75.7
	72.9
	74.6
	73.3
	72.5
	74.2
	75.2
	74.9

	12.6 mg/gCel enzyme dosage
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hydrolysis Initial Glucose
	g/L
	0.9
	1.1
	1.2
	1.5
	1.3
	1.6
	0.9
	1.1
	1.2
	0.7
	0.7
	0.8

	Hydrolysis Initial Xylose
	g/L
	4.6
	4.6
	4.6
	4.9
	4.2
	5.0
	3.6
	3.4
	3.0
	3.6
	3.2
	3.4

	Hydrolysis Final Glucose
	g/L
	59.4±1.3
	61.7±2.1
	62.7±1.7
	59.7±0.8
	60.3±0.2
	61.7±0.7
	60.1±2.0
	60.7±2.1
	63.8±0.4
	57.8±0.4
	57.5±0.2
	56.6±0.7

	Hydrolysis Final Xylose
	g/L
	5.8±0.1
	6.0±0.3
	5.5±0.2
	5.7±0.2
	4.9±0.0
	5.5±0.1
	5.0±0.3
	4.4±0.5
	4.4±0.1
	5.8±0.2
	5.7±0.2
	6.0±0.1

	Hydrolysis Glucose Yield
	%
	90.3±2.0
	92.1±3.0
	91.8±2.1
	88.8±1.0
	88.9±0.5
	89.8±1.0
	89.6±2.9
	90.1±2.9
	95.5±0.6
	93.9±0.7
	94.7±0.5
	92.7±1.1

	Hydrolysis Xylose Yield
	%
	42.3±0.5
	61.5±2.7
	42.7±1.7
	36.3±1.3
	33.6±0.3
	30.9±0.8
	46.1±2.7
	34.2±3.6
	50.9±1.2
	50.2±1.6
	60.9±1.7
	64.8±0.7

	Global Glucose Yield
	g/kg
	376.5
	385.8
	382.8
	375.8
	373.7
	377.0
	354.6
	355.6
	375.6
	356.8
	359.9
	353.6

	Global Xylose Yield
	g/kg
	213.8
	208.7
	198.2
	214.5
	201.7
	190.9
	178.3
	168.7
	154.8
	174.9
	170.4
	158.6

	Global Monomers Yield
	%
	86.4
	87.0
	85.1
	85.9
	83.7
	82.6
	83.4
	82.1
	83.0
	84.9
	84.7
	81.8



Table S5 Pretreatment and hydrolysis data of the combined acid- and bisulfite-catalyzed experiments (S5-S6 trials).
	
	Unit
	1
	2

	PRETREATMENT
	
	
	

	Soaking Trial
	-
	S5
	S6

	Pretreatment Severity
	-
	1.91
	1.95

	Pretreatment pH
	-
	1.23
	1.19

	Soaked Straw (dry basis)
	kg
	3.3
	2.9

	Pretreated Slurry
	kg
	26.7
	22.3

	Pretreated Slurry Insoluble Solids
	%
	7.3±0.1
	7.9±0.1

	Pretreatment Solids Yield
	%
	58.9
	60.7

	Pulp Glucan
	mg/g
	549.5±4.1
	537.9±3.5

	Pulp Xylan
	mg/g
	18.5±0.6
	14.8±0.3

	Pretreated Slurry Xylose
	g/L
	25.2±0.4
	26.9±0.5

	Pretreated Slurry Glucose
	g/L
	4.1±0.1
	4.5±0.1

	Pretreated Slurry Furfural
	mg/L
	1083±30
	1186±22

	Pretreated Slurry HMF
	mg/L
	179±4
	219±5

	Pretreatment Xylose Yield
	%
	72.6±1.3
	71.6±1.4

	Pretreatment Glucose Yield
	%
	7.5±0.1
	7.7±0.1

	Pretreatment Xylan Conversion
	%
	95.3±3.1
	96.0±2.1

	Pretreatment Glucan Conversion
	%
	12.8±0.5
	10.0±0.5

	HYDROLYSIS
	
	
	

	Maximum Theoretical Glucose
	g/L
	86.8
	85.0

	Hydrolysis Glucose Yield (5.5 mg/gCel)
	%
	65.6±1.2
	64.6±1.4

	Hydrolysis Glucose Yield (8.4 mg/gCel)
	%
	73.3±1.7
	73.0±0.6

	Hydrolysis Glucose Yield (11.1 mg/gCel)
	%
	83.2±1.5
	80.4±0.4

	Hydrolysis Glucose Yield (12.6 mg/gCel)
	%
	84.6±0.8
	84.2±0.2

	Hydrolysis Glucose Yield (14.0 mg/gCel)
	%
	84.9±1.9
	84.3±1.7

	Hydrolysis Glucose Yield (16.7 mg/gCel)
	%
	85.6±1.2
	84.7±1.0










Crystallinity index (%)

1.044158668678137	1.4903418522891461	1.8794407591279543	2.3256239427389627	1.2627139635102644	1.9616839678462836	1.1509613444628062	2.3287090919970481	1.739835218229927	1.739835218229927	1.739835218229927	1.9616839678462836	43.25	45.16	39.86	42.23	45.12	42.09	40.450000000000003	43.98	44.22	Severity




Lignin Conversion (%)

Lignin	1.044158668678137	1.4903418522891461	1.8794407591279543	2.3256239427389627	1.2627139635102644	1.9616839678462836	1.9616839678462836	1.1509613444628062	2.3287090919970481	1.739835218229927	1.739835218229927	1.739835218229927	22.84219005439018	18.935964476867674	23.505624516854368	20.811114946636526	23.018740089605526	18.45616178117497	22.129293032806849	21.508755709579514	Severity
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CPMG signal (normalized amplitude) [a.u.]



3.9 mm	40.75	25.25	15.75	10.75	7.85	5.7249999999999996	4.375	3.6749999999999998	2.855	2.0299999999999998	1.2749999999999999	0.67500000000000004	0.375	0.2	0.14500000000000002	1	1	0.99907076483202295	0.99806768418245029	0.61644080825365988	0.61608341011213008	0.61479535729064982	0.60848480366143654	0.57693250868602486	0.31824668464235201	0.21385345966441352	9.5623500576188555E-2	3.0627791514013812E-2	1.2332822891914459E-2	1.222980050563649E-16	7.3 mm	40.75	25.25	15.75	10.75	7.85	5.7249999999999996	4.375	3.6749999999999998	2.855	2.0299999999999998	1.2749999999999999	0.67500000000000004	0.375	0.2	0.14500000000000002	0.9893663194444442	0.92086226851851805	0.91984953703703665	0.90277777777777724	0.35554108796296258	0.35489004629629606	0.35214120370370394	0.34592013888888939	0.31850405092592626	0.1890190972222226	0.11378761574074087	4.8828124999999965E-2	1.714409722222221E-2	8.5358796296296311E-3	-5.0306980803327406E-17	Size (mm)


Mass Fraction (%)
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