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SM 1. R libraries and functions used in the statistical analyses. 
Some libraries give overlapping functions. The Comprehensive R Archive Network (CRAN, https://cran.r.project.org.) further details these packages and functions. 
Almost all the analyses are provided in standard statistical software such as SPSS and MiniTabs, and the free packages jamovi and JASP. The exceptions as of November 2024 are:
1. jamovi does not include the no-intercept regression model.
2. None appear to provide analysis for outlier removal using the isolation forest technique as standard.
3. Neither jamovi nor JASP currently supports the k-fold cross-validation analysis.
4. We provide code for running the isolation forest and k-fold cross-validation methods in SM
	Purpose
	R library

	General packages for data administration
	

	Import Excel files into R
	readxl

	Save R output as an Excel file
	writexl

	Manipulation of data in Excel and data frames.
	dplyr

	Graphical displays
	ggplot2

	Statistical analysis
	

	Bland-Altman plot
	blandr

	Production of tables of descriptive data of the data sets such as N, mean, SD, SE, confidence intervals etc.
	modelsummary: datasummary

	Analysis of variance
	

	Q-Q plot
	ggplot2: geom_qq(); geom_qq_line()

	Shapiro test
	stats:shapiro.test

	Welch’s ANOVA
	rstatix: welch_anova_test

	Kruskal non-parametric test
	stats: kruskal.test

	Isolation forest identification of outliers
	solitude

	Correlation matrix of variables
	modelsummary: datasummary_correlation

	Linear Regression to generate coefficients, SE, t-value, p-value, residual standard error, r-squared, adjusted r-squared, F-statistic, p-value
	stats:lm

	Intercept
	

	No-intercept (RIO)
	

	95% confidence limits of the regression coefficients
	stats: confint

	VIF for each independent variable.
	car:vif

	Extraction of goodness of fit data from regressions and tabulation: R2, adjusted R2, sigma (rsd/rse), p-value, AIC, BIC, N.
	broom (including tidy, glance, augment)

	rmse, mae, mape
	modelr

	Predictive r-squared
	olsrr

	Estimated marginal means
	emmeans

	k-fold validation
	caret

	Confidence interval for a mean
	DescTools: meanCI

	Creation of rain cloud plots
	ggrain

	Data output
	

	Creation of publication-quality tables
	flextable

	Production of regression tables in Word, pdf, and other output formats
	modelsummary

	Manipulation of graphical output to Word
	patchwork






SM 2. Lowess plot of the difference in digestibility between pigs and rats, and the source data. The fitted line is the lowess plot with a smoothing factor of 0.8. The 95% CI is shown by the ribbon. 
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SM 3. Data Sources. The papers are sorted by year.
Authors were approached on a few occasions to provide additional information, such as missing values or complete datasets. 
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SM 4. Correlation matrices for the four datasets after outlier removal

a. Crude Fibre dataset
 
	 
	CP
	EE
	CF
	NFE
	Ash
	GE
	DE
	ME
	ME/DE
	DE/GE

	CP
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.

	EE
	.13
	1
	.
	.
	.
	.
	.
	.
	.
	.

	CF
	-.04
	.07
	1
	.
	.
	.
	.
	.
	.
	.

	NFE
	-.80
	-.54
	-.37
	1
	.
	.
	.
	.
	.
	.

	Ash
	.38
	.21
	.35
	-.65
	1
	.
	.
	.
	.
	.

	GE
	.37
	.79
	-.01
	-.56
	.03
	1
	.
	.
	.
	.

	DE
	.25
	.29
	-.69
	.01
	-.40
	.46
	1
	.
	.
	.

	ME
	.18
	.28
	-.70
	.07
	-.45
	.44
	.98
	1
	.
	.

	ME/DE
	-.35
	-.01
	-.14
	.36
	-.34
	-.08
	.02
	.20
	1
	.

	DE/GE
	.05
	-.16
	-.77
	.36
	-.47
	-.10
	.84
	.83
	.08
	1



b. NDF dataset

	 
	CP
	EE
	NDF
	NFC
	Ash
	GE
	DE
	ME
	ME/DE
	DE/GE

	CP
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.

	EE
	.09
	1
	.
	.
	.
	.
	.
	.
	.
	.

	NDF
	.05
	.07
	1
	.
	.
	.
	.
	.
	.
	.

	NFC
	-.62
	-.42
	-.73
	1
	.
	.
	.
	.
	.
	.

	Ash
	.47
	.18
	.21
	-.58
	1
	.
	.
	.
	.
	.

	GE
	.28
	.84
	.10
	-.46
	.00
	1
	.
	.
	.
	.

	DE
	.00
	.35
	-.54
	.33
	-.51
	.46
	1
	.
	.
	.

	ME
	-.06
	.34
	-.56
	.38
	-.55
	.42
	.98
	1
	.
	.

	ME/DE
	-.32
	.05
	-.23
	.34
	-.33
	-.08
	.12
	.31
	1
	.

	DE/GE
	-.16
	-.11
	-.67
	.64
	-.57
	-.08
	.85
	.85
	.18
	1



c. NDF plus starch dataset

	 
	CP
	EE
	NDF
	Starch
	Res1
	Ash
	GE
	DE
	ME
	ME/DE
	DE/GE

	CP
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	EE
	.12
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.

	NDF
	.08
	.10
	1
	.
	.
	.
	.
	.
	.
	.
	.

	Starch
	-.60
	-.39
	-.50
	1
	.
	.
	.
	.
	.
	.
	.

	Res1
	.19
	.04
	-.10
	-.64
	1
	.
	.
	.
	.
	.
	.

	Ash
	.52
	.30
	.34
	-.65
	.17
	1
	.
	.
	.
	.
	.

	GE
	.24
	.90
	.11
	-.38
	.01
	.13
	1
	.
	.
	.
	.

	DE
	-.05
	.18
	-.64
	.39
	-.08
	-.58
	.30
	1
	.
	.
	.

	ME
	-.11
	.19
	-.67
	.43
	-.07
	-.62
	.29
	.98
	1
	.
	.

	ME/DE
	-.34
	.05
	-.29
	.26
	.05
	-.33
	-.01
	.09
	.27
	1
	.

	DE/GE
	-.17
	-.24
	-.72
	.59
	-.09
	-.66
	-.16
	.89
	.88
	.10
	1



d. NDF plus Starch and Sugars dataset

	 
	CP
	EE
	NDF
	Starch
	Sugars
	Res2
	Ash
	GE
	DE
	ME
	ME/DE
	DE/GE

	CP
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	EE
	.19
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.
	.

	NDF
	-.07
	.09
	1
	.
	.
	.
	.
	.
	.
	.
	.
	.

	Starch
	-.61
	-.46
	-.49
	1
	.
	.
	.
	.
	.
	.
	.
	.

	Sugars
	.43
	.01
	-.17
	-.47
	1
	.
	.
	.
	.
	.
	.
	.

	Res2
	.16
	.01
	-.06
	-.48
	.24
	1
	.
	.
	.
	.
	.
	.

	Ash
	.54
	.35
	.28
	-.81
	.38
	.41
	1
	.
	.
	.
	.
	.

	GE
	.27
	.92
	.07
	-.38
	-.04
	-.07
	.14
	1
	.
	.
	.
	.

	DE
	.02
	.20
	-.66
	.48
	-.08
	-.35
	-.49
	.32
	1
	.
	.
	.

	ME
	-.04
	.20
	-.70
	.53
	-.09
	-.34
	-.53
	.32
	.98
	1
	.
	.

	ME/DE
	-.34
	.04
	-.30
	.31
	-.09
	.04
	-.26
	.01
	-.03
	.16
	1
	.

	DE/GE
	-.11
	-.25
	-.72
	.69
	-.06
	-.33
	-.58
	-.17
	.88
	.86
	-.04
	1





SM 5. Comparison of EMM values for the nutrient coefficients in the residue- and ash-based four regression models before and after outlier removal. Except for the p-values, the values are kJ/g and are derived from multiple regressions with Phase and Laboratory as Factors.
	1. CF Model
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	All data
	
	
	
	
	
	
	
	After Outlier removal
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 

	Lab Code
	EMM
	SE
	 Lab Diff
	Contrast
	SE
	p-value
	
	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value

	0
	14.86
	0.07
	
	
	
	
	
	0
	14.83
	0.07
	
	
	
	

	1
	15.00
	0.07
	1 – 0
	0.14
	0.09
	0.11
	
	1
	15.01
	0.07
	1 – 0
	0.17
	0.08
	0.04

	2
	14.97
	0.09
	2 – 0
	0.10
	0.10
	0.32
	
	2
	14.96
	0.09
	2 – 0
	0.13
	0.10
	0.20

	3
	14.77
	0.09
	3 – 0
	-0.10
	0.11
	0.37
	
	3
	14.75
	0.09
	3 – 0
	-0.09
	0.10
	0.40

	5
	14.81
	0.03
	5 – 0
	-0.06
	0.07
	0.44
	
	5
	14.80
	0.03
	5 – 0
	-0.03
	0.07
	0.66

	6
	14.79
	0.09
	6 – 0
	-0.07
	0.11
	0.50
	
	6
	14.76
	0.09
	6 – 0
	-0.08
	0.10
	0.46

	8
	14.96
	0.13
	8 – 0
	0.09
	0.15
	0.53
	
	8
	14.91
	0.13
	8 – 0
	0.08
	0.14
	0.57

	9
	13.73
	0.14
	9 – 0
	-1.13
	0.15
	< .001
	
	9
	14.07
	0.15
	9 – 0
	-0.77
	0.16
	< .001



	2. NDF Model
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	All data
	
	
	
	
	
	
	
	After Outlier removal
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 

	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value
	
	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value

	0
	14.93
	0.07
	
	
	
	
	
	0
	14.84
	0.06
	 
	 
	 
	 

	1
	15.25
	0.04
	1 – 0
	0.32
	0.07
	< .001
	
	1
	15.26
	0.04
	1 – 0
	0.41
	0.07
	< .001

	2
	15.07
	0.09
	2 – 0
	0.14
	0.11
	0.21
	
	2
	15.07
	0.09
	2 – 0
	0.23
	0.10
	0.03

	3
	14.19
	0.13
	3 – 0
	-0.74
	0.14
	< .001
	
	3
	14.42
	0.13
	3 – 0
	-0.43
	0.14
	0.00

	4
	14.76
	0.50
	4 – 0
	-0.18
	0.50
	0.72
	
	4
	14.71
	0.46
	4 – 0
	-0.14
	0.47
	0.77

	5
	14.91
	0.03
	5 – 0
	-0.02
	0.07
	0.75
	
	5
	14.92
	0.03
	5 – 0
	0.08
	0.07
	0.27

	9
	14.90
	0.06
	9 – 0
	-0.03
	0.08
	0.70
	
	9
	14.91
	0.05
	9 – 0
	0.07
	0.08
	0.35



	3. NDFS Model
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	All data
	
	
	
	
	
	
	
	After Outlier removal
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 

	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value
	
	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value

	0
	14.79
	0.08
	
	
	
	
	
	0
	14.76
	0.08
	 
	 
	 
	 

	1
	15.19
	0.06
	1 – 0
	0.40
	0.09
	< .001
	
	1
	15.17
	0.05
	1 – 0
	0.41
	0.09
	< .001

	2
	14.99
	0.07
	2 – 0
	0.20
	0.11
	0.06
	
	2
	15.05
	0.07
	2 – 0
	0.29
	0.10
	0.01

	4
	14.54
	0.40
	4 – 0
	-0.25
	0.41
	0.54
	
	4
	14.52
	0.38
	4 – 0
	-0.23
	0.38
	0.54

	5
	14.71
	0.03
	5 – 0
	-0.08
	0.08
	0.32
	
	5
	14.74
	0.02
	5 – 0
	-0.02
	0.08
	0.85

	9
	15.00
	0.11
	9 – 0
	0.21
	0.14
	0.13
	
	9
	14.92
	0.11
	9 – 0
	0.16
	0.13
	0.22



	4. NDFSS Model
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	All data
	
	
	
	
	
	
	
	After Outlier removal
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 
	 
	 
	 
	 

	Lab Code
	EMM
	SE
	 Lab Diff
	Contrast
	SE
	p-value
	
	Lab Code
	EMM
	SE
	Lab Diff 
	Contrast
	SE
	p-value

	0
	14.56
	0.11
	
	
	
	
	
	0
	14.58
	0.10
	 
	 
	 
	 

	2
	14.85
	0.07
	2 – 0
	0.30
	0.13
	0.021
	
	2
	14.85
	0.07
	2 – 0
	0.27
	0.12
	0.03

	5
	14.48
	0.02
	5 – 0
	-0.08
	0.11
	0.474
	
	5
	14.48
	0.02
	5 – 0
	-0.10
	0.10
	0.36

	

Summary of measures of bias

	
	

	
	All data
	
	Less Outliers

	Model
	CV EMM
	Mean Contrast
	
	CV EMM
	Mean Contrast

	 
	%
	kJ/g
	
	%
	kJ/g

	CF
	2.82
	-0.15
	
	2.00
	-0.08

	NDF
	2.25
	-0.09
	
	1.80
	0.04

	NDFS
	1.58
	0.09
	
	1.58
	0.12

	NDFSS
	1.35
	0.11
	 
	1.31
	0.09



SM 6. Comparison of VIF and coefficients of variation based on the standard error (CVSE) for the nutrient coefficients in the residue- and ash-based four regression models
	CF Model
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Model Coefficients - ME: Residue
	
	
	Model Coefficients - ME: Ash
	

	
	
	
	
	
	
	
	
	
	
	

	Predictor
	Estimate
	SE
	CVSE
	VIF
	
	Predictor
	Estimate
	SE
	CVSE
	VIF

	Intercept
	-16.4063
	1.6165
	-9.9
	
	
	Intercept
	16.3006
	0.1064
	0.7
	

	CP
	0.3894
	0.0189
	4.9
	21.9
	
	CP
	0.0623
	0.0045
	7.2
	1.3

	EE
	0.4686
	0.0192
	4.1
	7.3
	
	EE
	0.1416
	0.0073
	5.2
	1.1

	CF
	0.0649
	0.0224
	34.5
	6.1
	
	CF
	-0.2622
	0.0098
	-3.7
	1.2

	NFE
	0.3271
	0.0166
	5.1
	35.9
	
	Ash
	-0.3270
	0.0166
	-5.1
	1.4

	Phase:
	
	
	
	
	
	Phase:
	
	
	
	

	AD – GF
	0.2578
	0.0589
	22.8
	1.0
	
	AD – GF
	0.2577
	0.0589
	22.9
	1.0

	
	
	
	
	
	
	
	
	
	
	

	NDF Model
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Model Coefficients - ME: Residue
	
	
	Model Coefficients - ME: Ash
	

	
	
	
	
	
	
	
	
	
	
	

	Predictor
	Estimate
	SE
	CVSE
	VIF
	
	Predictor
	Estimate
	SE
	CVSE
	VIF

	Intercept
	-30.8702
	1.4117
	-4.6
	
	
	Intercept
	17.2736
	0.0976
	0.6
	

	CP
	0.5444
	0.0172
	3.2
	16.7
	
	CP
	0.0630
	0.0048
	7.6
	1.3

	EE
	0.6704
	0.0168
	2.5
	6.5
	
	EE
	0.1890
	0.0067
	3.5
	1.0

	NDF
	0.3912
	0.0153
	3.9
	24.7
	
	NDF
	-0.0902
	0.0032
	-3.5
	1.1

	NFC
	0.4814
	0.0144
	3.0
	51.1
	
	Ash
	-0.4814
	0.0144
	-3.0
	1.4

	Phase:
	
	
	
	
	
	Phase:
	
	
	
	

	AD – GF
	0.3305
	0.0500
	15.1
	1.0
	
	AD – GF
	0.3305
	0.0500
	15.1
	1.0

	
	
	
	
	
	
	
	
	
	
	

	
NDFS Model
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Model Coefficients - ME: Residue
	
	
	Model Coefficients - ME: Ash
	

	
	
	
	
	
	
	
	
	
	
	

	Predictor
	Estimate
	SE
	CVSE
	VIF
	
	Predictor
	Estimate
	SE
	CVSE
	VIF

	Intercept
	-31.6787
	1.6425
	-5.2
	
	
	Intercept
	17.1835
	0.3142
	1.8
	

	CP
	0.5620
	0.0201
	3.6
	17.6
	
	CP
	0.0734
	0.0067
	9.1
	2.0

	EE
	0.6620
	0.0199
	3.0
	8.1
	
	EE
	0.1734
	0.0079
	4.6
	1.3

	NDF
	0.3831
	0.0185
	4.8
	24.8
	
	NDF
	-0.1055
	0.0049
	-4.6
	1.7

	Starch
	0.4930
	0.0166
	3.4
	94.7
	
	Starch
	0.0044
	0.0031
	70.5
	3.3

	Res1
	0.4886
	0.0173
	3.5
	34.9
	
	Ash
	-0.4886
	0.0173
	-3.5
	1.9

	Phase:
	
	
	
	
	
	Phase:
	
	
	
	

	AD – GF
	0.4085
	0.0497
	12.2
	1.1
	
	AD – GF
	0.4085
	0.0497
	12.2
	1.1

	
	
	
	
	
	
	
	
	
	
	

	

NDFSS Model
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Model Coefficients - ME: Residue
	
	
	Model Coefficients - ME: Ash
	

	
	
	
	
	
	
	
	
	
	
	

	Predictor
	Estimate
	SE
	CVSE
	VIF
	
	Predictor
	Estimate
	SE
	CVSE
	VIF

	Intercept
	-17.3681
	2.0869
	-12.0
	
	
	Intercept
	13.0380
	0.7380
	5.7
	

	CP
	0.3961
	0.0252
	6.4
	20.0
	
	CP
	0.0920
	0.0093
	10.1
	2.8

	EE
	0.4983
	0.0246
	4.9
	13.2
	
	EE
	0.1942
	0.0094
	4.8
	1.9

	NDF
	0.2199
	0.0234
	10.6
	37.9
	
	NDF
	-0.0841
	0.0077
	-9.2
	4.1

	Starch
	0.3479
	0.0210
	6.0
	115.0
	
	Starch
	0.0438
	0.0072
	16.4
	13.4

	Sugars
	0.3429
	0.0246
	7.2
	11.6
	
	Sugars
	0.0388
	0.0113
	29.1
	2.4

	Res2
	0.3041
	0.0249
	8.2
	17.0
	
	Ash
	-0.3041
	0.0249
	-8.2
	3.4

	Phase:
	
	
	
	
	
	Phase:
	
	
	
	

	AD – GF
	0.4750
	0.0475
	10.0
	1.2
	
	AD – GF
	0.4750
	0.0475
	10.0
	1.2

	
	
	
	
	
	
	
	
	
	
	

	
	
	Residue Model
	
	
	
	
	
	Ash Model
	

	Mean Nutrient CVSE
	
	6.46
	
	
	
	
	
	6.70
	

	SD
	
	
	7.1
	
	
	
	
	
	18.0
	

	Mean Absolute Nutrient CVSE
	6.46
	
	
	
	
	
	11.00
	

	SD
	
	
	7.10
	
	
	
	
	
	15.65
	

	Median Nutrient CVSE
	4.83
	
	
	
	
	
	4.56
	

	Median Absolute Nutrient CVSE
	4.83
	
	
	
	
	
	5.16
	

	
	
	
	
	
	
	
	
	
	
	

	P-values
	
	
	
	
	
	
	
	
	
	

	All P<0.001 except:
	
	
	
	
	
	
	
	
	

	CF Model, Residue
	CF
	0.004
	
	
	
	
	
	
	

	NDFS Model, Ash
	Starch
	0.159
	
	
	
	
	
	
	







[bookmark: _Hlk182639468]SM 7.  R code for applying Isolation Forest to select outliers and plot the data.
1. For first-time users, install R and RStudio. 
The process and a background to the programs are given in by Hair et al., in  Overview of R and RStudio. Partial Least Squares Structural Equation Modeling (PLS-SEM) Using R: A Workbook. Cham: Springer International Publishing; 2021. p. 31-47. It is available as an open-source chapter at https://doi.org/10.1007/978-3-030-80519-7_2

2. The code can be pasted into the RStudio console and run.

a. The data to be analysed are the predicted ME density and standardised residuals obtained from the regression analysis of the dataset. The two variables are assumed to be in two columns named ‘predME’ and ‘standard_res’ in a spreadsheet saved as a .csv or xlsx file
b. The code is as follows.

Note the # symbol is used for comments not instructions to R

#Load the required libraries after installing them if necessary
#If you need to install some of the packages, you can just use one of the 
#following commented lines of code, after removing the # symbol.
# install.packages("readr") # used for csv files
# install.packages("readxl") # used for xls or xlsx files
# install.packages("dplyr")
# install.packages("solitude")
# install.packages("ggplot2")

library(readr) # used for csv files
library(readxl) # used for xls or xlsx files
library(dplyr)
library(solitude)
library(ggplot2)

# Pause after pasting the libraries into the console screen then load the dataset using the ‘Import’ option in RStudio environment. 

# It can be loaded from an xlsx file with ‘From Excel’ or a .csv file with ‘From Text(readr)
# After selection, one can select the file to load using ‘browse’, then enter ‘data’ in the ‘Name’ box.
# If the selected file is an Excel file, select the worksheet in the ‘Sheet’box. 
# Finally select ‘Import Dataset’.


[image: A screenshot of a computer

Description automatically generated]

# If you would like to hard code the file location, you can specify the path to the file directly, e.g.:
# Loading for CSV file
# Note the use of the double forward slashes
data <- read_csv("C:\\Users\\path\\file_name.csv") # the file is read to the tibble [a table]

# OR
# Loading for XLSX file
# Note the use of the double forward slashes
data <- read_excel("C:\\Users\\path\\file_name.xlsx") # the file is read to the tibble

# Data preparation
# Choose the appropriate columns of the data set with the predicted ME density and standardised residuals, e.g.,
x <- data$'predME'
y <- data$'standard_res'
# Create dataframe (tibble)
dfIF <- tibble(x, y)

# Isolation Forest

# Initiate the model
isolation_forest <- isolationForest$new(
  sample_size = nrow(dfIF),
  num_trees = 500,
  replace = FALSE,
  seed = 1,
  nproc = 4
)

# Fit the model to the data
isolation_forest$fit(dfIF)

# Compute anomaly scores
anomaly_score <- isolation_forest$predict(dfIF) %>% pull(anomaly_score)

# Append a column Anomaly_Score to the data set
data$Anomaly_Score <- anomaly_score

# Set the cut off as a proportion of the values or an absolute anomaly score

# Set the cutoff proportion
cutoff_proportion <- 0.975 # select the cutoff proportion, e.g. 0.95, 0.975, 0.99
cutoff_value <- quantile(data$Anomaly_Score, cutoff_proportion)

# OR

# Set the cutoff anomaly score
#cutoff_proportion <- 0.65 # select the cutoff score
#cutoff_value <- data$Anomaly_Score >=cutoff_proportion


# Create a new column in the dataframe for plotting
data <- data %>%
  mutate(Point_Type = ifelse(Anomaly_Score >= cutoff_value, "Above", "Below"))

# Create the plot, including highlighting the outliers
ggplot(data, aes(x = predME, y = standard_res)) +
  geom_point(aes(shape = Point_Type, size = Point_Type), fill = "black") +
# define the shape for points above and below the cutoff
# shape 1 is an open circle and shape 16 closed.
  scale_shape_manual(values = c("Above" = 1, "Below" = 16)) +   
 # define the size of points above and below the cutoff
  scale_size_manual(values = c("Above" = 3, "Below" = 1)) +
  labs(x = "Predicted ME density (kJ/g)", y = "Standardised Residual") +
  theme_bw() +
  theme(
    axis.title = element_text(size = 15),
    axis.text = element_text(size = 12)
  ) -> plot_with_outliers
plot_with_outliers

#Save the plot as the pdf file
pdf("fig_1.pdf", width = 15, height = 7.5) 
# One can enter the full path, e.g. pdf("C:\OneDrive\Documents\fig_1.pdf"….
plot_with_outliers
# Close the PDF device
dev.off()


SM 8. R code for applying k-fold cross-validation to obtain the predictive quality of a regression.
See Table SM 7 for installing R and RStudio for the first time, if necessary.

#Load the required libraries after installing them if necessary
#If you need to install some of the packages, you can just use one of the 
#following commented lines of code.

# install.packages("readr") # used for csv files
# install.packages("readxl") # used for xls or xlsx files
# install.packages("dplyr")
# install.packages("caret")
# install.packages("flextable")
# install.packages("officer")

library(readr) # used for csv files
library(readxl) # used for xls or xlsx files
library(dplyr)
library(caret)
library(flextable)
library(officer)


# Pause after pasting the libraries into the console screen then load the dataset using the ‘Import’ option in RStudio environment. 

# It can be loaded from an xlsx file with ‘From Excel’ or a .csv file with ‘From Text(readr)
# After selection, one can select the file to load using ‘browse’, then enter ‘data’ in the ‘Name’ box.
# If the selected file is an Excel file, select the worksheet in the ‘Sheet’box. 
# Finally select ‘Import Dataset’.
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#Load the dataset

# If you would like to hard code the file location, you can specify the path to the file directly, e.g.:
# Loading for CSV file
# Note the use of the double forward slashes
data <- read_csv("C:\\Users\\path\\file_name.csv") # the file is read to the tibble [a table]

# OR

# Loading for XLSX file
# Note the use of the double forward slashes
data <- read_excel("C:\\Users\\path\\file_name.xlsx") # the file is read to the tibble

# 1. Create a function to determine the GOF Indices to report

customSummary <- function(data, lev = NULL, model = NULL) {
  metrics <- postResample(pred = data$pred, obs = data$obs)
  print(metrics)
  # postResample is a function that computes common performance metrics for regression and    #classification models after resampling. There is the problem with the result of function postResample(). # It results in a vector, but with the names. To avoid the problem we add ‘names(metrics)<NULL
  names(metrics) <- NULL
  RMSE <- metrics[1]
  R2 <- metrics[2]
  MAE <- metrics[3]
  lm_fit <- lm(obs~pred, data=data) # regression of predictions on observations 
  adjusted_r2 <- summary(lm_fit)$adj.r.squared
  sigma_val <- sigma(lm_fit)
  
  return(c(R2 = R2, Adjusted_R2 = adjusted_r2, Sigma = sigma_val, RMSE = RMSE, MAE = MAE))
}

# 2. Create a function sd_to_ci to create confidence intervals from the standard deviation of the data 

sd_to_ci <- function(mean, sd, n, conf.level = 0.95) {
  alpha <- 1 - conf.level
  t_value <- qt(1 - alpha / 2, df = n - 1)
  margin_of_error <- t_value * (sd / sqrt(n))
  
  lower_ci <- mean - margin_of_error
  upper_ci <- mean + margin_of_error
  
  return(c(lower_ci, upper_ci))
}

# 3. Carry out the 10-fold CV with n repeats

# 10-fold validation relies on sampling each time and so the output varies slightly from run to run as # a consequence. The sampling can be fixed by using the ‘set.seed()’ function as follows:

set.seed(123)  # Setting the seed for reproducibility

# defining training control as a repeated cross-validation with value of K as 10 and repetition as 10

train_control <- trainControl(method = "repeatedcv", 
                              number = 10, repeats = 10, 
                              summaryFunction = customSummary)

# define the regression formula, for example as:
regression_formula <- as.formula("ME ~ CP + EE + CF + NFE + relevel(factor(Phase), ref = 'GF')")

# This equation includes a factor, either GF or AD, and sets GF as the reference for AD

model <- train(
  regression_formula, # shown above
  data = data, # source of the data to which the regression formula is applied
  method = "lm",
  trControl = train_control
)

[bookmark: _Hlk182659149]# the values above show the progessive development of the tuning hyperparameters


# Extract the model results
results <- model$results

#view predictions for each fold

dfFold <- data.frame(model$resample)

# create mean values from the dfFold values
R2 <- results$R2
Adjusted_R2 <- results$Adjusted_R2
Sigma <- results$Sigma
RMSE <- results$RMSE
MAE <- results$MAE

# create SD values from the dfFold values
R2SD <- results$R2SD
Adjusted_R2SD <- results$Adjusted_R2SD
SigmaSD <- results$SigmaSD
RMSESD <- results$RMSESD
MAESD <- results$MAESD

folds <- 10
repeats <- 10
means <- c(R2, Adjusted_R2, Sigma, RMSE, MAE)
sds <- c(R2SD, Adjusted_R2SD, SigmaSD, RMSESD, MAESD)
N <- folds * repeats
conf.level <- 0.95

# Apply the function to each dataset
ci_results <- data.frame(
  Mean = means,
  SD = sds,
  N = N,
  Lower_CI = NA,
  Upper_CI = NA
)

for (i in 1:nrow(ci_results)) {
  ci <- sd_to_ci(ci_results$Mean[i], ci_results$SD[i], ci_results$N[i], conf.level)
  ci_results$Lower_CI[i] <- ci[1]
  ci_results$Upper_CI[i] <- ci[2]
}
GOF_Indices <- c("R2", "Adjusted R2", "RSD", "RMSE", "MAE")

table <- bind_cols(GOF_Indices, ci_results)

# Change the name of the first column to “GOF Indices”
colnames(table)[1] <- "GOF Indices"

# Round specified numeric columns to 3 decimal places 
table <- table %>% mutate(across(c(Mean, SD, Lower_CI, Upper_CI), ~ round(.x, 3)))

# Create the flextable 
ft <- flextable(table)

# Format the table
ft <- ft %>%
  theme_vanilla() %>%  # Apply a theme for better visuals
  autofit()  # Adjust the column width to fit the content

# Print the flextable
ft

#Save the table as the docx file
save_as_docx(ft, path = "ft.docx")

3. 

SM 9. Gross energy values and digestibilities of nutrients
	Nutrient
	Mean (SD), Median, kJ/g
	Source references

	Crude Protein
	23.71 (0.76), 23.82, n=42
	(1; 2; 3)

	Fat and Oils (Ether Extract) (a)
	39.22 (0.55), 39.32, n=92
	(1; 4; 5; 6; 7; 8; 9; 10; 11; 12; 13; 14; 15)

	Crude Fibre
	19.83 (1.47), 19.45, n=91
	Calculated from cellulose (17.42 kJ/g) and lignin (25.05 kJ/g) contents of ingredients (16; 17; 18; 19) and analysis of lignin and cellulose (20; 21; 22)

	Neutral Detergent Fibre
	17.41(0.12), 17.27, n=16
	(16)

	Nitrogen-free extractives
	17.39
	Calculated as below (b)

	Non-fibrous Carbohydrates
	17.32
	Calculated as below (c)

	Starch
	17.46 (0.13), 17.49, n=7
	(1; 4; 10; 17; 23; 24; 25)

	Sugars
	16.14 (0.46), 16.25, n=20
	(1; 10; 24; 25; 26)

	Nutrient digestibility data
	
	(27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)



(a)  Excluding tallow and partially hydrolyzed mixtures of animal and plant fat.
(b)  We calculated the GE of NFE from the data in Table 1a: 
i. Carbohydrate = Crude Fibre + NFE, GE density 17.57 kJ/g (1)
ii. GE from Carbohydrate = 70.54 x 17.57 = 1239 kJ
iii. GE from Crude Fibre = 4.94 x 19.94 = 98 kJ
iv. GE from 65.6 g NFE = 1141 kJ (1239 - 98), so GE density is 17.39 kJ/g
(c) We calculated the GE of NFC by assuming it is primarily the combined amounts of Starch and Sugars. The proportion of starch (17.46 kJ/g) to sugar (16.14 kJ/g) is 9:1 in Table 1d and typical laboratory murine diets, giving an estimated GE density of 17.32 kJ/g for NFC.
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