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Table S1. Composition and post-treatment of the biochar-mineral supplement.
	[bookmark: _Hlk101863171]Constituents of the biochar-mineral supplement
	(wt%)

	Wheat straw 
	52.7

	Wheat straw ash
	10.3

	Zeolite
	10.3

	Bentonite
	10.3

	Red kaolinite
	4.1

	[bookmark: _Hlk109905441]Diatomite
	4.1

	FeSO4
	4.1

	ZnO
	4.1

	Post-treatment
	

	Peracetic acid
	22.2

	Propionic acid
	11.2

	KNO3
	22.2









Adjusted in vitro dry matter digestibility (IVDMD) calculation:
1. Soluble fraction (%DM) = percentage of remaining in the bags at time 0h after bags being washed continuously until water ran clear under the tap
2. Amount of soluble fraction (in g) = Soluble fraction (%DM) × proportion of additives added 
3. Corrected residues (g) = [(Bags + residues after 48h incubation) – bags weight] + Amount of soluble fraction (in g)
4. Digestible DM (g) = (Substrate + additives; DM basis) - corrected residues
5. IVDMD = Digestible DM (g) / (Substrate + additives; DM basis) × 100




Table S2. Ultimate and elemental analyses of the biochar-mineral supplement.
	[bookmark: _Hlk104275689]Ultimate and elemental analyses 
	Biochar-mineral supplement

	Ultimate analysis (wt%)
	

	C
	14.30

	H
	0.81

	N
	5.44

	Elemental analysis (mg kg-1)
	

	Na
	4.36 × 103

	Mg
	1.9 × 103

	Al
	7.2 × 103

	Si
	35.6 × 103

	S
	21.7 × 103

	K
	205.1 × 103

	Ca
	2.2 × 103

	Fe
	18.2 × 103

	Zn
	16.1 × 103

	P
	5.95 × 102

	Cl
	2.8 × 102

	Cu
	4.85 × 102

	Mn
	1.28 × 102

	Ti
	1.10 × 102

	Cr
	21.6

	Ni
	10.7

	Sr
	58.4

	Ba
	38.2

	Cd
	0.6

	Pb
	5.1

	B
	13.3

	As
	2.1

	Co
	2.3

	Zr
	11.2




	
Table S3. Specific capacitances of the biochar-mineral supplement at scan rates of 20 and 50 mV s-1.
	Specific capacitance 
	Biochar-mineral supplement (F g-1)

	Scan rate 20 (mV s-1)
	2.0

	Scan rate 50 (mV s-1)
	0.77





Table S4. Concentration of free radicals in the biochar-mineral supplement and g factor compared to standard DPPH, measured by ESR.
	
	DPPH*
	Biochar-mineral supplement

	Concentration of free radicals/mg
	1.40 x 108
	1.05 x 1011

	G factor
	2.00387
	2.0049


*2,2-diphenyl-1-picrylhydrazyl









Table S5. Concentration of inorganic functional groups on the surface of the biochar-mineral supplement, measured by XPS.
	[bookmark: _Hlk101346273]Name
	Functional groups
	Peak BE
	Concentration (at.%)

	K2p3 
	
	293.38
	3.97

	Si2p 
	
	103.17
	2.22

	S2p3 
	
	169.39
	2.69

	Mg1s
	
	1304.92
	1.41

	Cl2p3 
	
	198.86
	1.84

	Na1s 
	
	1071.92
	0.97

	Zn2p3 
	
	1022.39
	1.91

	Ca2p3 
	
	348.42
	2.18

	Al2s 
	
	119.59
	0.84

	Cu2p3
	
	934.96
	0.51







Table S6. The type and concentration of DOC fractions in the biochar-mineral supplement, measured by LC-OCD (n=3).
	DOC* and its fractions
	Concentration (mg L-1)
	Concentration (%)

	DOC
	68.37
	100

	Hydrophobic DOC
	22.76
	33.3

	Hydrophilic DOC
	45.60
	66.7

	Biopolymers
	10.68
	15.6

	Humic-like substances
	6.82
	10.0

	Building blocks
	5.28
	7.7

	LMW neutrals
	18.18
	[bookmark: _Hlk107221855]26.6

	LMW acids
	4.64
	6.8


*Dissolved organic carbon







Table S7. The type and concentration of hydrophilic DOC fractions in the rumen media (n=3).
	[bookmark: _Hlk104289497] DOC fractions (Mg L-1)
	Control
	Biochar-mineral supplement
	
	

	
	
	1.5% (DM)
	4.0% (DM)
	6.0% (DM)
	SEM1
	P-value

	Hydrophilic     DOC
	3666.2
	3632.3
	3489.3
	2913.1*
	107.77
	0.013

	Biopolymers
	49.35
	27.4*
	29.6*
	48.8
	4.03
	0.050

	Humic-like substances
	143.6
	171.7
	179.3
	121.3
	13.09
	0.422

	Building blocks
	226.9
	112.0*
	145.8*
	170.5
	14.88
	0.013

	LMW neutrals
	206.3
	214.3
	217.7
	201.6
	4.89
	0.704

	LMW acids
	3040.0
	3106.9
	2917.3
	2370.8*
	100.20
	<0.01


1Standard error of means; *Means differ (P<0.05) compared to the control.
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