Effect of vitamin B12 on the efficacy of bromoform, other methane halogenated analogs, and Asparagopsis, at inhibiting methanogenesis in mixed rumen cultures
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Supplementary Table S1. Effects of supplementing ruminal serial cultures with vitamin B12 at 0 or 8.86 mg/L in serial transfers 1 to 4, vitamin B12 at 0 or 422 mg/L in serial transfer 5, and bromoform at 0 or 0.5 µM in serial transfer 5, on the bacterial community composition at the phylum rank expressed as a percentage of total bacterial reads, in serial transfer 5 (Experiment 1).
	Vitamin B12 in serial transfers 1-4 (mg/L)
	0
	8.86
	SEM
	B12 
t 1-42
P =
	B12 t 53
P =
	BMF4
P =
	B12 t 1-4 × B12 t 5
P =
	B12 t 1-4 × BMF
P =
	B12 t 5 × BMF
P =
	B12 t 1-4 × B12 t 5 × BMF
P =

	Vitamin B12 in serial transfer 5 (mg/L)
	0
	422
	0
	422
	
	
	
	
	
	
	
	

	BMF3 in serial transfer 5 (µM)
	0
	0.5
	0
	0.5
	0
	0.5
	0
	0.5
	
	
	
	
	
	
	
	

	N1 
	6
	6
	6
	6
	6
	6
	6
	6
	
	
	
	
	
	
	
	

	Bacteroidota5
	41.1
	41.6
	42.6
	42.6
	43.0
	38.3
	41.9
	41.1
	1.52
	0.40
	0.35
	0.25
	0.31
	0.16
	0.44
	0.31

	Desulfobacterota 
	1.78
	1.14
	1.47
	1.23
	0.94
	1.31
	1.14
	1.23
	0.25
	0.070
	0.86
	0.43
	0.53
	0.017
	0.82
	0.20

	Fibrobacterota 
	2.06
	2.46
	2.69
	2.50
	2.24
	2.50
	2.35
	1.94
	0.53
	0.65
	0.89
	0.96
	0.46
	0.81
	0.40
	0.96

	Firmicutes 
	40.3
	40.3
	40.3
	38.8
	38.8
	44.5
	41.0
	41.8
	2.50
	0.19
	0.72
	0.32
	0.83
	0.11
	0.20
	0.48

	Proteobacteria 
	3.48
	3.51
	2.93
	3.20
	5.21
	4.34
	3.01
	3.67
	0.94
	0.18
	0.11
	0.97
	0.38
	0.82
	0.44
	0.57

	Spirochaetota 
	3.81ab6
	5.94a
	4.15ab
	5.32ab
	3.77ab
	3.35b
	4.11ab
	3.81ab
	0.63
	0.005
	0.71
	0.074
	0.44
	0.007
	0.55
	0.46

	Synergistota 
	2.43
	2.34
	1.97
	2.37
	2.20
	2.59
	2.38
	2.71
	1.51
	0.42
	0.88
	0.28
	0.45
	0.67
	0.65
	0.56

	Verrucomicrobiota 
	4.59
	2.21
	3.51
	3.63
	3.38
	2.54
	3.73
	3.49
	0.79
	0.66
	0.37
	0.075
	0.61
	0.52
	0.098
	0.30


1Two inocula donor cows and three repetitions in time; 2Vitamin B12 supplemented at 8.86 mg/L in serial transfers 1 to 4; 3Vitamin B12 spiked at 422 mg/L in serial transfer 5; 4Bromoform at 0.5 µM in serial transfer 5; 5Only those bacterial clades equal or greater than 0.5% of total bacterial reads in at least one combination of treatments are shown; 6 When interactions were present (P < 0.05), unlike letters in treatment means within the same row indicate significant (P < 0.05) differences as by Tukey´s HSD.


Supplementary Table S2. Effects of supplementing ruminal serial cultures with vitamin B12 at 0 or 8.86 mg/L in serial transfers 1 to 4, vitamin B12 at 0 or 422 mg/L in serial transfer 5, and bromoform at 0 or 0.5 µM in serial transfer 5, on the bacterial community composition at the genus and species ranks expressed as a percentage of total bacterial reads, in serial transfer 5 (Experiment 1).
	Vitamin B12 in serial transfers 1-4 (mg/L)
	0
	8.86
	SEM
	B12 
t 1-42
P =
	B12 t 53
P =
	BMF4
P =
	B12 t 1-4 × B12 t 5
P =
	B12 t 1-4 × BMF
P =
	B12 t 5 × BMF
P =
	B12 t 1-4 × B12 t 5 × BMF
P =

	Vitamin B12 in serial transfer 5 (mg/L)
	0
	422
	0
	422
	
	
	
	
	
	
	
	

	BMF3 in serial transfer 5 (µM)
	0
	0.5
	0
	0.5
	0
	0.5
	0
	0.5
	
	
	
	
	
	
	
	

	N1 
	6
	6
	6
	6
	6
	6
	6
	6
	
	
	
	
	
	
	
	

	Anaeroplasma spp.5
	1.34
	1.26
	1.42
	1.52
	2.04
	2.11
	1.79
	1.59
	0.45
	0.011
	0.56
	0.88
	0.14
	0.84
	0.93
	0.55

	Anaerovibrio lipolyticus 
	2.88
	2.89
	3.58
	3.79
	2.98
	4.06
	3.56
	4.11
	0.73
	0.30
	0.15
	0.23
	0.52
	0.35
	0.83
	0.64

	Anaerovibrio spp. 
	0.43
	0.45
	0.44
	0.48
	0.50
	0.51
	0.58
	0.59
	0.17
	0.18
	0.49
	0.78
	0.61
	0.87
	0.92
	0.96

	Bilophila spp.
	0.67
	0.25
	0.43
	0.29
	0.043
	0.024
	ND6
	0.049
	0.16
	<0.001
	0.55
	0.14
	0.62
	0.099
	0.32
	0.53

	Butyrivibrio fibrisolvens
	0.99
	1.76
	1.06
	0.81
	0.60
	0.94
	0.94
	1.15
	0.54
	0.18
	0.65
	0.14
	0.050
	0.97
	0.11
	0.22

	Butyrivibrio hungatei
	0.89
	1.30
	1.06
	0.82
	0.82
	0.93
	0.85
	1.04
	0.42
	0.46
	0.78
	0.42
	0.43
	0.82
	0.34
	0.22

	Butyrivibrio proteoclasticum
	0.85
	1.20
	0.87
	0.84
	0.65
	0.90
	0.81
	1.02
	0.28
	0.48
	0.91
	0.15
	0.26
	0.81
	0.43
	0.53

	Butyrivibrio spp.
	2.83
	2.83
	2.21
	2.04
	1.89
	2.32
	2.00
	2.00
	0.46
	0.011
	0.015
	0.68
	0.071
	0.35
	0.34
	0.68

	Christensenellaceae R-7 group
	1.38
	0.83
	1.40
	1.07
	1.13
	1.21
	1.65
	1.42
	0.26
	0.16
	0.058
	0.049
	0.36
	0.17
	0.86
	0.31

	Escherichia coli
	0.40
	0.43
	0.34
	0.23
	0.38
	0.62
	0.28
	0.36
	0.17
	0.44
	0.047
	0.42
	0.75
	0.18
	0.35
	0.92

	Escherichia-Shigella
	0.60
	0.63
	0.49
	0.39
	0.55
	0.86
	0.36
	0.62
	0.23
	0.46
	0.054
	0.21
	0.84
	0.11
	0.62
	0.83

	Fibrobacter succinogenes
	0.70
	0.82
	0.56
	0.58
	0.87
	1.28
	1.01
	0.88
	0.56
	0.090
	0.42
	0.59
	0.87
	0.87
	0.42
	0.57

	Fibrobacter spp.
	1.36
	1.64
	2.13
	1.91
	1.37
	1.22
	1.33
	1.06
	0.46
	0.050
	0.41
	0.73
	0.23
	0.63
	0.54
	0.71

	Lachnospira multipara
	0.90
	0.94
	0.87
	0.51
	0.73
	0.79
	1.16
	1.08
	0.20
	0.19
	0.53
	0.38
	0.006
	0.46
	0.18
	0.53

	Lachnospiraceae UCG-009
	0.52
	0.43
	0.40
	0.31
	0.49
	0.55
	0.48
	0.47
	0.15
	0.18
	0.18
	0.62
	0.53
	0.33
	0.80
	0.78

	Oribacterium spp.
	3.62
	3.93
	2.86
	3.27
	4.02
	2.74
	2.51
	3.00
	1.24
	0.28
	0.044
	0.96
	0.89
	0.25
	0.15
	0.20

	Possible genus Sk018
	0.57
	0.66
	0.61
	0.55
	0.78
	0.84
	0.78
	0.77
	0.23
	0.014
	0.63
	0.78
	>0.99
	0.92
	0.48
	0.82

	Prevotella spp.
	2.10
	2.50
	2.99
	3.28
	2.83
	2.36
	3.26
	2.98
	0.44
	0.49
	0.002
	0.94
	0.44
	0.079
	0.92
	0.73

	Prevotella aff.
	0.96
	1.02
	1.16
	1.22
	0.64
	0.47
	0.53
	0.53
	0.61
	0.002
	0.58
	0.93
	0.50
	0.66
	0.80
	0.81

	Prevotella bryantii
	0.29
	0.47
	0.60
	0.78
	0.84
	0.70
	0.90
	0.80
	0.30
	0.007
	0.048
	0.75
	0.24
	0.12
	0.91
	0.95

	Prevotella ruminicola
	6.03
	6.90
	6.39
	6.27
	10.3
	8.63
	8.76
	9.35
	1.56
	<0.001
	0.67
	0.90
	0.82
	0.48
	0.62
	0.22

	Prevotellaceae GagA1 group
	1.23
	1.69
	1.69
	1.49
	0.82
	0.83
	1.54
	1.35
	0.32
	0.032
	0.041
	0.91
	0.17
	0.53
	0.22
	0.51

	Prevotellaceae UCG-001
	0.75
	0.92
	0.65
	0.63
	0.79
	0.87
	0.76
	0.63
	0.29
	0.76
	0.074
	0.79
	0.76
	0.55
	0.27
	0.95

	Prevotellaceae UCG-003
	1.18
	0.90
	1.09
	1.15
	0.98
	1.00
	1.08
	1.03
	0.15
	0.46
	0.37
	0.42
	0.89
	0.55
	0.36
	0.19

	Prevotellaceae UCG-004
	0.51
	0.53
	0.46
	0.60
	0.39
	0.49
	0.38
	0.39
	0.16
	0.028
	0.65
	0.50
	0.18
	0.80
	0.80
	0.27

	Prevotellaceae YAB2003 group
	0.38
	0.41
	0.53
	0.52
	0.33
	0.37
	0.50
	0.41
	0.095
	0.19
	0.014
	0.83
	0.78
	0.72
	0.35
	0.62

	Probable genus 10
	0.62
	0.74
	0.62
	0.69
	0.64
	0.90
	0.65
	0.85
	0.23
	0.17
	0.73
	0.021
	0.99
	0.30
	0.64
	0.92

	Pseudobutyrivibrio spp.
	1.38
	1.61
	1.87
	1.85
	1.71
	2.23
	2.30
	2.31
	0.085
	0.14
	0.26
	0.54
	0.96
	0.79
	0.53
	0.84

	Pyramidobacter spp.
	2.43
	2.34
	1.96
	2.37
	2.20
	2.59
	2.38
	2.71
	1.51
	0.41
	0.88
	0.45
	0.27
	0.67
	0.64
	0.55

	Rikenellaceae RC9 gut group
	17.9
	17.2
	18.1
	18.3
	16.5
	14.9
	15.6
	15.2
	1.53
	0.001
	0.81
	0.35
	0.51
	0.60
	0.43
	0.87

	Ruminobacter amylophilus
	1.32
	1.06
	1.05
	1.40
	2.87
	1.52
	1.18
	1.41
	0.62
	0.24
	0.35
	0.57
	0.31
	0.50
	0.24
	0.60

	Schwartzia spp.
	0.52
	0.72
	0.50
	0.55
	0.59
	0.63
	0.66
	0.63
	0.11
	0.46
	0.64
	0.38
	0.37
	0.38
	0.45
	0.75

	Selenomas ruminantium
	1.56
	1.32
	1.24
	1.10
	1.19
	1.36
	1.17
	1.26
	0.17
	0.54
	0.093
	0.73
	0.28
	0.098
	0.98
	0.63

	Streptococcus spp.
	1.98
	4.29
	3.19
	3.22
	2.56
	4.43
	2.18
	2.75
	1.02
	0.75
	0.43
	0.056
	0.37
	0.97
	0.15
	0.69

	Streptococcus lutetiensis
	0.68
	1.81
	1.22
	1.36
	0.84
	1.59
	0.94
	1.13
	0.42
	0.60
	0.80
	0.049
	0.68
	0.77
	0.16
	0.70

	Succiniclasticum spp.
	1.46
	1.30
	1.62
	1.16
	1.25
	1.46
	1.43
	1.37
	0.32
	0.96
	0.87
	0.49
	0.92
	0.27
	0.41
	0.95

	Treponema spp.
	1.90
	3.33
	2.21
	2.80
	2.03
	1.55
	2.44
	2.20
	0.42
	0.10
	0.49
	0.28
	0.29
	0.028
	0.62
	0.38

	Treponema bryantii
	1.55
	2.29
	1.65
	2.14
	1.39
	1.43
	1.37
	1.41
	0.32
	0.004
	0.90
	0.051
	>0.99
	0.083
	0.69
	0.71

	UCG-002
	0.80
	0.70
	0.48
	0.55
	0.57
	0.57
	0.51
	0.51
	0.21
	0.20
	0.051
	0.95
	0.22
	0.93
	0.54
	0.56

	UCG-004
	1.22
	0.61
	1.18
	1.19
	1.04
	0.76
	1.03
	0.94
	0.32
	0.52
	0.29
	0.15
	0.57
	0.72
	0.24
	0.52


1Two inocula donor cows and three repetitions in time; 2Vitamin B12 supplemented at 8.86 mg/L in serial transfers 1 to 4; 3Vitamin B12 spiked at 422 mg/L in serial transfer 5; 4Bromoform at 0.5 µM in serial transfer 5; 5Only those bacterial clades equal or greater than 0.5% of total bacterial reads in at least one combination of treatments are shown; 6ND = not detected; 7When interactions with bromoform (BMF) were present (P < 0.05), unlike letters in columns indicate significant (P < 0.05) differences between bromoform (BMF) concentration treatments within combinations of vitamin B12 supplementation at 8.86 mg/L in serial transfers 1 to 4 and vitamin B12 spiking at 422 mg/L in serial transfer 5.

Supplementary Table S3. Effects of supplementing ruminal serial cultures with vitamin B12 at 0 or 8.86 mg/L in serial transfers 1 to 4, vitamin B12 at 0 or 422 mg/L in serial transfer 5, and bromoform at 0 or 0.5 µM in serial transfer 5, on bacterial alpha diversity indices in serial transfer 5 (Experiment 1).
	Vitamin B12 in serial transfers 1-4 (mg/L)
	0
	8.86
	SEM
	B12 
t 1-42
P =
	B12 t 53
P =
	BMF4
P =
	B12 t 1-4 × B12 t 5
P =
	B12 t 1-4 × BMF
P =
	B12 t 5 × BMF
P =
	B12 t 1-4 × B12 t 5 × BMF
P =

	Vitamin B12 in serial transfer 5 (mg/L)
	0
	422
	0
	422
	
	
	
	
	
	
	
	

	BMF3 in serial transfer 5 (µM)
	0
	0.5
	0
	0.5
	0
	0.5
	0
	0.5
	
	
	
	
	
	
	
	

	N1 
	6
	6
	6
	6
	6
	6
	6
	6
	
	
	
	
	
	
	
	

	Richness
	1454
	1418
	1519
	1377
	1453
	1386
	1472
	1499
	104
	0.88
	0.54
	0.39
	0.70
	0.63
	0.96
	0.48

	Shannon
	6.68
	6.64
	6.70
	6.59
	6.61
	6.53
	6.68
	6.66
	0.082
	0.56
	0.43
	0.32
	0.31
	0.79
	>0.99
	0.54

	Simpson
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.0004
	0.17
	0.27
	0.16
	0.17
	0.57
	0.41
	0.41

	Fisher
	366
	360
	384
	339
	361
	351
	369
	375
	33.5
	0.93
	0.73
	0.50
	0.68
	0.60
	0.78
	0.53

	Shannon. Evenness
	0.92
	0.91
	0.92
	0.91
	0.91
	0.90
	0.92
	0.91
	0.0052
	0.081
	0.30
	0.22
	0.12
	0.83
	0.46
	0.71
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Supplementary Figure 1. Effect of Asparagopsis on methane (CH4) production relative to the Control treatment not including Asparagopsis in rumen batch cultures. Preliminary assay of Experiment 4.
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Supplementary Figure S2. Archaeal rarefaction curve in transfer 5 of 5-transfers serial rumen cultures (Experiment 1).
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Supplementary Figure S3. Relationship between total archaeal reads and methane (CH4) production in transfer 5 of 5-transfer serial rumen cultures. Dim = Control, Bright = Vitamin B12 supplementation at 8.86 mg/L in serial transfers 1 to 4; Circles = Control, Triangles = Blue Vitamin B12 spiking at 422 mg/L in serial transfer 5; Blue = Control, Red = 0.5 µM Bromoform in serial transfer 5 (Experiment 1). 
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Supplementary Figure S4. Principal components biplot of the archaeal community composition at the genus rank in transfer 5 of 5-transfer serial rumen cultures. Dim = Control, Bright = Vitamin B12 supplementation at 8.86 mg/L in serial transfers 1 to 4; Circles = Control, Triangles = Blue Vitamin B12 spiking at 422 mg/L in serial transfer 5; Blue = Control, Red = 0.5 µM Bromoform in serial transfer 5 (Experiment 1). 
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Supplementary Figure S5. Bacterial rarefaction curve in transfer 5 of 5-transfers serial rumen cultures (Experiment 1).
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Supplementary Figure S6. Principal components biplot of the bacterial community composition at the genus and species ranks in transfer 5 of 5-transfer serial rumen cultures. Dim = Control, Bright = Vitamin B12 supplementation at 8.86 mg/L in serial transfers 1 to 4; Circles = Control, Triangles = Blue Vitamin B12 spiking at 422 mg/L in serial transfer 5; Blue = Control, Red = 0.5 µM Bromoform in serial transfer 5 (Experiment 1). 
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Supplementary Figure S7. Effects of bromoform and vitamin B12 on total gas production in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.038; Bromoform × Vitamin B12, P = 0.26; Cow (random), P = 0.51; Incubation run (random), P = 0.33. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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[bookmark: _Hlk219211498]Supplementary Figure S8. Effects of bromoform and vitamin B12 on dihydrogen (H2) accumulation in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.059; Bromoform × Vitamin B12, P = 0.085; Cow (random), P = 0.56; Incubation run (random), P = 0.36. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S9. Effects of bromoform and vitamin B12 on pH in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.29; Bromoform × Vitamin B12, P = 0.43; Cow (random), P = 0.49; Incubation run (random), P = 0.33. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S10. Effects of bromoform and vitamin B12 on reducing potential (Eh) adjusted to the Standard Hydrogen Electrode (SHE) in 48-h rumen batch cultures. Bromoform, P = 0.029; Vitamin B12, P = 0.82; Bromoform × Vitamin B12, P = 0.23; Cow (random), P = 0.57; Incubation run (random), P = 0.34. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S11. Effects of bromoform and vitamin B12 on methanol concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.006; Bromoform × Vitamin B12, P = 0.003; Cow (random), P = 0.050; Incubation run (random), P = 0.66. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S12. Effects of bromoform and vitamin B12 on total VFA concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.034; Bromoform × Vitamin B12, P = 0.024; Cow (random), P = 0.54; Incubation run (random), P = 0.49. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S13. Effects of bromoform and vitamin B12 on acetate concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.010; Bromoform × Vitamin B12, P = 0.017; Cow (random), P = 0.73; Incubation run (random), P = 0.50. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S14. Effects of bromoform and vitamin B12 on isobutyrate concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.023; Bromoform × Vitamin B12, P = 0.009; Cow (random), P = 0.54; Incubation run (random), P = 0.49. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S15. Effects of bromoform and vitamin B12 on propionate concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.070; Bromoform × Vitamin B12, P = 0.021; Cow (random), P = 0.77; Incubation run (random), P = 0.49. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S16. Effects of bromoform and vitamin B12 on butyrate concentration in 48-h rumen batch cultures. Bromoform, P = 0.006; Vitamin B12, P = 0.95; Bromoform × Vitamin B12, P = 0.41; Cow (random), P = 0.49; Incubation run (random), P = 0.49. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S17. Effects of bromoform and vitamin B12 on the acetate to propionate molar ratio in 48-h rumen batch cultures. Bromoform, P = 0.006; Vitamin B12, P = 0.17; Bromoform × Vitamin B12, P = 0.55; Cow (random), P = 0.25; Incubation run (random), P = 0.50. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S18. Effects of bromoform and vitamin B12 on the concentration of 2- and 3-methylbutyrate, which co-eluted the GC column, in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.22; Bromoform × Vitamin B12, P = 0.11; Cow (random), P = 0.50; Incubation run (random), P = 0.48. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S19. Effects of bromoform and vitamin B12 on caproate concentration in 48-h rumen batch cultures. Bromoform, P = 0.026; Vitamin B12, P = 0.24; Bromoform × Vitamin B12, P = 0.81; Cow (random), P = 0.55; Incubation run (random), P = 0.55. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S20. Effects of bromoform and vitamin B12 on heptanoate concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.61; Bromoform × Vitamin B12, P = 0.61; Cow (random), P = 0.83; Incubation run (random), P = 0.48. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S21. Effects of bromoform and vitamin B12 on succinate concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.90; Bromoform × Vitamin B12, P = 0.13; Cow (random), P = 0.49; Incubation run (random), P = 0.48. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S22. Effects of bromoform and vitamin B12 on ammonium (NH4+) concentration in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.27; Bromoform × Vitamin B12, P = 0.37; Cow (random), P = 0.49; Incubation run (random), P = 0.32. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S23. Effects of bromoform and vitamin B12 on dry matter (DM) disappearance in 48-h rumen batch cultures. Bromoform, P < 0.001; Vitamin B12, P = 0.37; Bromoform × Vitamin B12, P = 0.27; Cow (random), P = 0.48; Incubation run (random), P = 0.32. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S24. Effects of bromoform and vitamin B12 on valerate concentration in 48-h rumen batch cultures. Bromoform, P = 0.75; Vitamin B12, P = 0.21; Bromoform × Vitamin B12, P = 0.039; Cow (random), P = 0.53; Incubation run (random), P = 0.59. Concentration of vitamin B12 was added unity and log-transformed for the statistical analysis (Experiment 2).
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Supplementary Figure S25. Effects of methane halogenated analogs inhibitors of methanogenesis on dihydrogen accumulation in 48-h batch rumen cultures. Methane halogenated analog, P < 0.001; Vitamin B12, P = 0.14; Methane halogenated analog × Vitamin B12, P = 0.73; Cow (random), P = 0.51; Incubation run (random), P = 0.34; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S26. Effects of methane halogenated analogs inhibitors of methanogenesis on butyrate concentration in 48-h batch rumen cultures. Methane halogenated analog, P < 0.001; Vitamin B12, P = 0.55; Methane halogenated analog × Vitamin B12, P = 0.56; Cow (random), P = 0.50; Incubation run (random), P = 0.35; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S27. Effect of vitamin B12 supplementation on pH in 48-h rumen batch cultures. All three concentrations of vitamin B12 include five methane halogenated analogs and a Control treatment (not shown). Methane halogenated analog, P = 0.079; Vitamin B12, P = 0.045; Methane halogenated analog × Vitamin B12, P = 0.69; Cow (random), P = 0.52; Incubation run (random), P = 0.40 (Experiment 3).
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Supplementary Figure S28. Effect of vitamin B12 supplementation on reducing potential (Eh) adjusted to the Standard Hydrogen Electrode (SHE) in 48-h rumen batch cultures. All three concentrations of vitamin B12 include five methane halogenated analogs and a Control treatment (not shown).  Methane halogenated analog, P = 0.19; Vitamin B12, P < 0.001; Methane halogenated analog × Vitamin B12, P = 0.24; Cow (random), P = 0.50; Incubation run (random), P = 0.33 (Experiment 3).
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Supplementary Figure S29. Effects of methane halogenated analogs inhibitors of methanogenesis on the concentration of total volatile fatty acids (VFA) in 48-h batch rumen cultures. Methane halogenated analog, P = 0.001; Vitamin B12, P = 0.12; Methane halogenated analog × Vitamin B12, P = 0.46; Cow (random), P = 0.48; Incubation run (random), P = 0.34; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S30. Effects of methane halogenated analogs inhibitors of methanogenesis on succinate concentration in 48-h batch rumen cultures. Methane halogenated analog, P = 0.002; Vitamin B12, P = 0.80; Methane halogenated analog × Vitamin B12, P = 0.89; Cow (random), P = 0.48; Incubation run (random), P = 0.32; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S31. Effect of five halogenated methane analogs inhibitors of methanogenesis and vitamin B12 supplementation on acetate concentration in 48-h rumen batch cultures. Methane halogenated analog, P < 0.001; Vitamin B12, P = 0.017; Methane halogenated analog × Vitamin B12, P = 0.68; Cow (random), P = 0.48; Incubation run (random), P = 0.33 (Experiment 3).
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Supplementary Figure S32. Effect of five halogenated methane analogs inhibitors of methanogenesis and vitamin B12 supplementation on the acetate to propionate molar ratio in 48-h rumen batch cultures. Methane halogenated analog, P < 0.001; Vitamin B12, P = 0.042; Methane halogenated analog × Vitamin B12, P = 0.86; Cow (random), P = 0.48; Incubation run (random), P = 0.32 (Experiment 3).
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Supplementary Figure S33. Effects of methane halogenated analogs inhibitors of methanogenesis on propionate concentration in 48-h batch rumen cultures. Bars represent the average of three concentrations of vitamin B12, 0, 0.5, and 10.0 mg/L. Methane halogenated analog, P = 0.001; Vitamin B12, P = 0.50; Methane halogenated analog × Vitamin B12, P = 0.70; Cow (random), P = 0.49; Incubation run (random), P = 0.33; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S34. Effects of methane halogenated analogs inhibitors of methanogenesis on isobutyrate concentration in 48-h batch rumen cultures. Methane halogenated analog, P = 0.001; Vitamin B12, P = 0.66; Methane halogenated analog × Vitamin B12, P = 0.42; Cow (random), P = 0.48; Incubation run (random), P = 0.32; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S35. Effects of methane halogenated analogs inhibitors of methanogenesis on the concentration of 2- and 3-methylbutyrate, which co-eluted the GC column, in 48-h batch rumen cultures. Methane halogenated analog, P = 0.001; Vitamin B12, P = 0.56; Methane halogenated analog × Vitamin B12, P = 0.14; Cow (random), P = 0.48; Incubation run (random), P = 0.32; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S36. Effects of methane halogenated analogs inhibitors of methanogenesis on ammonium (NH4+) concentration in 48-h batch rumen cultures. Methane halogenated analog, P = 0.001; Vitamin B12, P = 0.70; Methane halogenated analog × Vitamin B12, P = 0.55; Cow (random), P = 0.48; Incubation run (random), P = 0.32; * = Different (P < 0.05) from the Control treatment (Tukey´s HSD) (Experiment 3).
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Supplementary Figure S37. Effects of methane halogenated analogs inhibitors of methanogenesis on dry matter (DM) disappearance in 48-h batch rumen cultures. Methane halogenated analog, P < 0.001; Vitamin B12, P = 0.74; Methane halogenated analog × Vitamin B12, P = 0.004; Cow (random), P = 0.49; Incubation run (random), P = 0.45 (Experiment 3).
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