Tables
Table 1: Independent variables and their coding levels used to optimise the extraction of lignin from Pterocarpus tinctorius via the response surface method
	Variables
	Factors
	Coded levels

	
	
	-1
	0
	+1

	NaOH solution concentration (% w/v)
	
	0,05
	0,07
	0,09

	Agitation speed (rpm)
	
	150
	200
	250

	solid/liquid ratio 
	
	0,05
	0,075
	0,1

	Extraction Temperature (°C)
	
	60
	80
	100

	Extraction time (H)
	
	2
	4
	6




Table 2: Total phenolic content (TPC) of lignin extracts obtained under different alkaline hydrolysis conditions
	Run
	NaOH solution concentration (% w/v)
	Agitation speed (rpm)
	Solid/liquid ratio (% w/v)
	Temperature (°C)
	Time (hours)
	TPC (mg GAE/g extracts)

	1
	0,05
	150
	0,05
	60
	2
	175,51±0.02

	2
	0,05
	150
	0,05
	60
	4
	174,8±0.2

	3
	0,05
	150
	0,05
	60
	6
	175,02±0.42

	4
	0,05
	150
	0,05
	80
	2
	174,91±0.015

	5
	0,05
	150
	0,05
	80
	4
	170,8±0.01

	6
	0,05
	150
	0,05
	80
	6
	168,55±0.12

	7
	0,05
	150
	0,05
	100
	2
	178,01±0.21

	8
	0,05
	150
	0,05
	100
	4
	176,84±0.06

	9
	0,05
	150
	0,05
	100
	6
	168,89±0.045

	10
	0,05
	150
	0,075
	60
	2
	168,02±0.1

	11
	0,05
	150
	0,075
	60
	4
	170,89±0.05

	12
	0,05
	150
	0,075
	60
	6
	168,02±0.00

	13
	0,05
	150
	0,075
	80
	2
	158,78±0.09

	14
	0,05
	150
	0,075
	80
	4
	178,58±0.07

	15
	0,05
	150
	0,075
	80
	6
	178,41±0.20

	16
	0,05
	150
	0,075
	100
	2
	175,44±0.72

	17
	0,05
	150
	0,075
	100
	4
	169,78±0.09

	18
	0,05
	150
	0,075
	100
	6
	179,81±0.061

	19
	0,05
	150
	0,1
	60
	2
	168,52±0.08

	20
	0,05
	150
	0,1
	60
	4
	168,02±0.011

	21
	0,05
	150
	0,1
	60
	6
	157,57±0.09

	22
	0,05
	150
	0,1
	80
	2
	149,09±0.28

	23
	0,05
	150
	0,1
	80
	4
	154,6±0.013

	24
	0,05
	150
	0,1
	80
	6
	160,4±0.4

	25
	0,05
	150
	0,1
	100
	2
	161,1±0.073

	26
	0,05
	150
	0,1
	100
	4
	170,56±0.014

	27
	0,05
	150
	0,1
	100
	6
	172,96±0.05

	28
	0,05
	200
	0,05
	60
	2
	171,5±0.033

	29
	0,05
	200
	0,05
	60
	4
	174,02±0.00

	30
	0,05
	200
	0,05
	60
	6
	171,52±0.42

	31
	0,05
	200
	0,05
	80
	2
	170,25±0.59

	32
	0,05
	200
	0,05
	80
	4
	172,51±0.085

	33
	0,05
	200
	0,05
	80
	6
	174,12±0.32
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	245
	0,09
	250
	0,1
	60
	2
	155,55±0.02

	246
	0,09
	250
	0,1
	60
	2
	155,55±0.02

	247
	0,09
	250
	0,075
	100
	2
	164,02±0.02




Table 3: validation coefficients and their qualifications
	Metric    
	Significations
	 Valid values
	Source

	R2 (Fit)
	Measures the proportion of the total variance in the dependent variable (Y) that is explained by the model (Goodness-of-Fit).
	R2 ≤ 1 (nearly 1)
	[1]

	RMSE (Mean Squared Error)
	Represents the average difference between observed values (yi) and predicted values (). It is expressed in the unit of variable Y (Magnitude and Penalty).
	RMSE≈0 (nearly 0)
	[1], [2]

	MAE (Mean Absolute Error)
	Gives a better idea of the typical error
	MAE ≈ 0 (nearly 0)
	[1], [2]

	MPE (Mean Percentage Error)
	signed mean error as a percentage
	MPE ≈ 0 (nearly 0)
	[1]

	MAPE (Mean Absolute % Error)
	Mean Absolute Percentage Error
	MAPE ≈ 0 (nearly 0)
	[1]

	 (Noise or Nugget)
	Estimates the variance of irreducible noise or very short-range variability (source variance).
	 ≈ 0 (nearly 0)
	[3]




Table 4: Results of analysis of variance (ANOVA) for the quadratic model of the TPC of lignin extracts
	Source
	Valeur F
	Valeur de p

	Model
	11,58
	<10-4

	 Linear
	22,1
	<10-4

	    X1
	9,15
	0,014

	    X2
	1,14
	0,313

	    X3
	34,55
	<10-3

	    X4
	0,83
	0,385

	    X5
	1,16
	0,309

	  Square
	5,46
	0,014

	 
	0,07
	0,793

	 
	1
	0,345

	 
	0,71
	0,421

	 
	0,21
	0,658

	 
	0,04
	0,840

	 Interaction with 2 factors
	4,71
	0,014

	    X1*X2
	0,4
	0,542

	    X1*X3
	13,24
	0,005

	    X1*X4
	0,95
	0,356

	    X1*X5
	0,82
	0,391

	    X2*X3
	0,38
	0,553

	    X2*X4
	0,23
	0,64

	    X2*X5
	0,11
	0,752

	    X3*X4
	3,52
	0,093

	    X3*X5
	0,02
	0,879

	    X4*X5
	0,26
	0,622

	Lack of fit
	2.15
	0.115

	  R2
	96.26%




Table 5: Comparative study of the two models based on validation coefficients
	[bookmark: _Hlk214474716]Metric
	BO (Processus Gaussien)
	MSR (Modèle Polynomial)
	Interprétation

	R2 (Fit)
	0.9996 (99.96 %)
	0.9701 (97.01 %)
	The GP explains an additional 3% variance compared to the MSR model. Almost perfect fit for BO.

	RMSE (Mean Squared Error)
	0.2234
	1.93
	The average prediction error of the MSR is ≈ 8.6 times higher than that of the BO model.

	MAE (Mean Absolute Error)
	0.051
	1.48
	The typical error of the MSR is ≈29 times higher than that of the BO model.

	MPE (Mean Percentage Error)
	+0.029 %
	-0.015 %
	MSR shows almost zero directional bias, while BO shows a slight overestimation. MSR is more directionally neutral..

	MAPE (Mean Absolute % Error)
	3.1 %
	0.92 %
	MSR shows a lower average relative error, which is counterintuitive but possible.




Table 6: Predicted and experimental values of the total phenolic content (TPC) of lignin extracts obtained under optimal extraction conditions (5% NaOH, agitation speed of 178 rpm, 0.074 solid/liquid ratio, 82°C temperature at 4.59 h (≈275 min))
	Response
	Predicted value
	Experimental value
	Relative error (%)

	TPC (mg GAE/g extract)
	182.06
	178.51±0.14
	1.95




