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Tab. S1 PBD experimental design of the AAO pretreatment
	[bookmark: OLE_LINK72][bookmark: OLE_LINK71]Variables
	Symbol
	Code levels

	
	
	Lower (-1)
	Higher (+1)

	Time (h)
	X1
	0.5
	2

	Acetic acid concentrations (%, v/v)
	X2
	20
	60

	[bookmark: OLE_LINK1]H2SO4 addition (%, w/v)
	X3
	0.2
	0.7

	Pretreatment temperature (°C)
	X4
	115
	135


  
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Tab. S2 Analysis of PBD design on optimization of each variables 
	Factors
	Cellulose retention
	Hemicellulose retention
	Delignification
	Pretreatment yield

	
	T
	P
	T
	P
	T
	P
	T
	P

	X1
	1.3
	0.098
	-21.1
	0.006
	8.9
	0.034
	-14.7
	0.003

	X2
	1.2
	0.121
	-13.3
	0.043
	14.2
	0.004
	-10.5
	0.015

	X3
	1.5
	0.063
	-16.0
	0.021
	9.5
	0.027
	-11.2
	0.011

	X4
	-0.2
	0.810
	-11.4
	0.072
	4.9
	0.189
	-8.0
	0.044

	Significance of the model
	91.7
	0.103
	59.2
	0.008
	31.0
	0.008
	65.1
	0.003

	
	No significance
	Significance
	Significance
	Significance


T, P and F means coefficient estimate, prob and response significance, respectively
Tab. S3 Experimental rang and levels of independent variables
	Variables
	Symbol
	Code levels

	
	
	-1
	0
	1

	Time (h)
	X1
	1.4
	1.6
	1.8

	Acetic acid concentrations (%, v/v)
	X2
	45
	50
	55

	H2SO4 addition (%, w/v)
	X3
	0.51
	0.58
	0.64




[bookmark: OLE_LINK101]Tab. S4 Full factorial CCD matrix of three variables in coded units and the experimentally observed response 
	[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Run
	X1
	X2
	X3
	Delignification (%)

	1
	1.9
	50.0
	0.58
	64.5

	2
	1.6
	50.0
	0.58
	64.0

	3
	1.6
	41.6
	0.58
	50.4

	4
	1.8
	55.0
	0.51
	64.8

	5
	1.8
	55.0
	0.64
	68.7

	6
	1.6
	50.0
	0.58
	65.4

	7
	1.8
	45.0
	0.64
	65.0

	8
	1.4
	55.0
	0.51
	50.2

	9
	1.6
	50.0
	0.58
	65.5

	10
	1.6
	50.0
	0.58
	66.1

	11
	1.8
	45.0
	0.51
	54.0

	12
	1.6
	50.0
	0.58
	63.2

	13
	1.6
	50.0
	0.47
	48.7

	14
	1.4
	45.0
	0.64
	58.9

	15
	1.4
	45.0
	0.51
	41.6

	16
	1.6
	50.0
	0.68
	69.1

	17
	1.4
	55.0
	0.64
	61.7

	18
	1.6
	50.0
	0.58
	65.5

	19
	1.6
	58.4
	0.58
	65.3

	20
	1.3
	50.0
	0.58
	48.7























[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Tab. S5 ANOVA results for the quadratic equation for the delignification
	[bookmark: OLE_LINK95][bookmark: OLE_LINK96]
	Sum of squares
	Freedom degrees
	Mean square
	F-value
	P

	Model
	1217.73
	9
	135.30
	96.21
	< 0.0001

	Residual(error)
	14.06
	10
	1.41
	Not clear
	Not clear

	Lack of fit
	8.24
	5
	1.65
	1.41
	0.3566 > 0.1

	Pure error
	5.83
	5
	1.17
	Not clear
	Not clear

	Total
	1231.79
	19
	Not clear
	Not clear
	Not clear


[bookmark: OLE_LINK104][bookmark: OLE_LINK105]R2=0.989; CV=1.97%; Adj R2=0.978; Pred R2=0.942; Adeq Precision=34.196
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Tab. S6 Model coefficient estimated by multiple linear regression for the delignification
	[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Term
	Coefficient
	F-value
	P

	Intercept
	64.91
	No clear
	No clear

	X1
	4.88
	231.53
	< 0.0001

	X2
	3.74
	135.54
	< 0.0001

	X3
	5.72
	317.60
	< 0.0001

	X1X2
	0.40
	0.91
	0.3631

	X1X3
	-1.74
	17.27
	0.002

	X2X3
	-1.62
	14.87
	0.0032

	X12
	-2.79
	79.84
	< 0.0001

	X22
	-2.34
	56.28
	< 0.0001

	X32
	-1.98
	40.34
	< 0.0001




[bookmark: OLE_LINK8]Tab. S7 Crystalline of the lignocellulose before and after the two-stage pretreatment 
	Intensity
	Crystal size (002)
	Crystalline (%)

	
	2θ (°)
	Size (nm)
	

	The original
	21.1
	1.5
	21.3

	AAO pretreated
	21.8
	1.9
	41.3

	AAO-AHP pretreated
	21.9
	3.8
	52.1


	


Figure title and legend
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Figure S1 Predicted values versus experimental values of CCD on the delignification (R2= 0.978).
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Figure S2 SEM images of material before and after the AAO and AAO-AHP pretreatment. A, B and C means the original, AAO pretreated and AAO-AHP pretreated substance, respectively.
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Figure S3 X-ray diffraction patterns of the substance before and after the AAO and AAO-AHP pretreatment.
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