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Table S1. Composition of the growth medium.
	Component
	1000 mL of medium

	Solution A (mL)1
	105

	Solution B (mL)2
	105

	Distilled water (mL)
	788.42

	Trace elements solution (mL)3
	1

	0.1% (m/V) Resazurin solution (mL)
	1

	Cysteine (g)
	0.33

	Na2S.9H2O (g)
	0.33

	10 N NaOH solution (mL)
	0.26



1Per L distilled water: Na2HPO4, 8.5140 g; KH2PO4, 13.0200 g; MgCl2·6H2O, 1.0500 g (Mould et al., 2005).
2Per L distilled water: NaHCO3, 54.1800 g; NH4HCO3, 14.0700 g (Mould et al., 2005).
3Per L distilled water: HCl (25%) 10 ml; FeCl2.4H2O, 1.5 g; CoCl2.6H2O, 0.19 g; MnCl2.4H2O, 0.1 g; ZnCl2, 0.07 g; H3BO3, 0.006 g; Na2MoO4.2H2O, 0.036 g; NiCl2.6H2O 0.024 g; CuCl2.2H2O 0.002 g. (Raju, 2016).





[bookmark: _Hlk213230850]Table S2. Ingredients and proximate composition of the high forage substrate.
	Ingredient
	%, DM1 basis

	Ryegrass hay
	75

	Corn, ground
	4

	Oats, ground
	4

	Soybean meal
	17

	Proximate composition (all % DM basis, except for DM)

	DM (%)
	91.9

	OM
	94.2

	CP
	14.5

	NDF
	48.5

	ADF
	29.4

	EE
	1.50

	1Abbreviations: ADF = acid detergent fiber; CP = crude protein; DM = dry matter; EE = ether extract; NDF = neutral detergent fiber; OM = organic matter.
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Supplementary Figure 1. Effect of disappearance of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on total gas (µmol) after 48 h ruminal incubations (N = 117): Total gas (µmol) = 4293 (±72.3 ; P < 0.001) – [111 (±5.76; P < 0.001) × if 3-NOP] + [0.58 (±0.66; P < 0.001) × fumaric acid (µmol disappearance)] + [0.29 (±0.084; P < 0.001) × crotonic acid (µmol disappearance)] – [0.14 (±0.067 ; P = 0.040) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.18. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).


















[image: ]
Supplementary Figure 2. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on total VFA production (µmol) after 48 h ruminal incubations (N = 117): Total VFA production (µmol) = 2622 (±181; P = 0.0025) – [59.8 (±21.3; P = 0.006) × if 3-NOP] + [0.52 (±0.25; P = 0.034) × fumaric acid (µmol disappearance)] + [0.65 (±0.31; P = 0.04) × crotonic acid (µmol disappearance)] + [0.61 (±0.25; P = 0.014) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.41. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 3. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on isobutyrate production (µmol) after 48 h ruminal incubations (N = 117): Isobutyrate (µmol) = 18.93 (±3.09; P = 0.012) – [2.69 (±0.37; P < 0.001) × if 3-NOP] - [0.045 (±0.011; P < 0.001) × fumaric acid (µmol disappearance] + [0.00016 (±0.000048; P = 0.0011) × (fumaric acid (µmol disappearance) – 56.4)]² - [0.056 (±0.012; P < 0.001) × crotonic acid (µmol disappearance)] + [0.00023 (±0.000068; P < 0.001) × (crotonic acid (µmol disappearance) – 43.2)]² - [0.026 (±0.0059; P < 0.001) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.32. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 4. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on 2- and 3- methyl butyrate production (µmol) after 48 h ruminal incubations (N = 117). 2- and 3-methylbutyrate co-eluted the GC column and are reported as their sum: 2 and 3 methyl butyrate (µmol) = 39.30 (±6.59; P = 0.011) – [1.41 (±0.67; P = 0.039) × if 3-NOP] – [0.0029 (±0.0077; P = 0.70) × fumaric acid (µmol disappearance)] + [0.014 (±0.007; P = 0.04) × (fumaric acid (µmol disappearance) – 56.4) × if 3-NOP] – [0.012 (±0.010; P = 0.24) × crotonic acid (µmol disappearance)] + [0.019 (±0.009; P = 0.033) × (crotonic acid (µmol disappearance) – 43.2) × if 3-NOP] – [0.059 (±0.008; P < 0.001) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.10. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 5. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on valerate production (µmol) after 48 h ruminal incubations (N = 117): Valerate production (µmol) = 39.33 (±3.79; P = 0.004) + [0.79 (±0.34; P = 0.023) × if 3-NOP] + [0.0013 (±0.004; P = 0.75) × fumaric acid (µmol disappearance)] – [0.038 (±0.011; P < 0.001) × crotonic acid (µmol disappearance)] + [0.0001 (±0.00006; P = 0.018) × (crotonic acid (µmol disappearance) – 43.2)]² – [0.026 (±0.004; P < 0.001) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.51. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 6. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on final formate concentration (mM) after 48 h ruminal incubations (N = 117): Formate concentration (mM) = 0.61 (±0.19; P = 0.024) + [0.31 (±0.082; P = 0.0002) × if 3-NOP] + [0.0075 (±0.0022; P = 0.0011) × fumaric acid (µmol disappearance)] – [0.000039 (±0.000010; P = 0.0002) × (fumaric acid (µmol disappearance) – 56.42]² – [0.0016 (±0.0013; P = 0.21) × crotonic acid (µmol disappearance)] + [0.000036 (±0.0010; P = 0.97) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.18. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 7. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on final succinate concentration (mM) after 48 h ruminal incubations (N = 117): Succinate concentration (mM) = 0.60 (±0.075; P = 0.0049) – [0.11 (±0.014; P < 0.001) × if 3-NOP] + [0.000057 (±0.00016; P = 0.72) × fumaric acid (µmol disappearance)] - [0.00036 (±0.00020; P = 0.08) × crotonic acid (µmol disappearance)] - [0.00036 (±0.00016; P = 0.031) × acrylic acid (µmol disappearance)] + [0.00039 (±0.00014; P = 0.005) × (acrylic acid (µmol disappearance) – 53.8) × if 3-NOP] + cow (random) + week (random) + error; all other terms, P ≥ 0.083. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 8. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on final lactate concentration (mM) after 48 h ruminal incubations (N = 117): Lactate concentration (mM) = 0.71 (±0.051; P < 0.001) + [0.022 (±0.020; P = 0.28) × if 3-NOP] + [0.0019 (±0.00057; P = 0.001) × fumaric acid (µmol disappearance)] – [5.94 × 10-6 (±2.58 × 10-6; P = 0.024) × (fumaric acid (µmol disappearance) – 56.9)]2 – [0.0061 (±0.00068; P < 0.001) × crotonic acid (µmol disappearance)] + [0.000019 (±0.0000057; P = 0.001) × (crotonic acid (µmol disappearance) – 42.9)]² + [0.00073 (±0.00026; P = 0.006) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.17. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 9. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on final pH after 48 h ruminal incubations (N = 117): pH = 6.17 (±0.075; P < 0.001) – [0.0017 (±0.0039; P = 0.66) × if 3-NOP] – [0.018 (±0.0020; P < 0.001) × fumaric acid (µmol disappearance)] – [0.033 (±0.0046; P < 0.001) × crotonic acid (µmol disappearance)] + [0.0022 (±0.00082; P = 0.0084) × (crotonic acid (µmol disappearance) – 43.2)]² – [0.0028 (±0.0045; P < 0.001) × acrylic acid (µmol disappearance)] + [0.0018 (±0.00080; P = 0.029) × (acrylic acid (µmol disappearance) – 53.8)]² – [0.0031 (±0.0016; P = 0.055) × (crotonic acid (µmol disappearance) – 1.36) × if 3-NOP] + cow (random) + week (random) + error; all other terms, P ≥ 0.66. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 10. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on NH₄⁺ concentration after 48 h ruminal incubations (N = 117): NH₄⁺ concentration (mM) = 16.1 (±0.83; P < 0.001) – [1.21 (±0.11; P < 0.001) × if 3-NOP] – [0.0055 (±0.0013; P < 0.001) × fumaric acid (µmol disappearance)] – [0.010 (±0.0035; P = 0.003) × crotonic acid (µmol disappearance)] + [0.000040 (±0.000019; P = 0.040) × (crotonic acid (µmol disappearance) − 43.16]² – [0.012 (±0.0013; P < 0.001) × acrylic acid (µmol disappearance)] + cow (random) + week (random) + error; all other terms, P ≥ 0.15. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 11. Effect of (a) fumaric, (b) crotonic, and (c) acrylic acids (0, 2, 4, or 8 mM) with or without 3-nitrooxypropanol (3-NOP) on organic matter disappearance (OMD, %) after 48 h ruminal incubations (N = 117): ODM (%) = 32.30 (±5.03; P = 0.025) – [0.080 (±0.27; P = 0.72) × if 3-NOP] – [0.028 (±0.007; P < 0.001) × fumaric acid (µmol disappearance)] + [0.000064 (±0.000034; P = 0.061) × (fumaric acid (µmol disappearance) − 56.42]² – [0.019 (±0.0041; P < 0.001) × crotonic acid (µmol disappearance)] + [0.0038 (±0.0074; P = 0.60) × acrylic acid (µmol disappearance)] – [0.00012 (±0.000034; P = 0.001) × (acrylic acid (µmol disappearance) − 53.81]² + cow (random) + week (random) + error; all other terms, P ≥ 0.49. Curves and 95% confidence bands fit the observations displayed without accounting for the random effects of the donor cow and incubation run (Experiment 1).
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Supplementary Figure 12. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on total gas production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5 and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 96). Only significant (P < 0.050) main effects and interactions are shown. a, b = different letters indicate Tukey´s-adjusted significant (P < 0.050) differences between treatment means. 3-NOP in incubations 1 to 4, P < 0.001; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P < 0.001; Crotonic acid in incubation 5, P = 0.034; 3-NOP in incubation 1 to 4 × 3-NOP in incubation 5, P < 0.001; 3-NOP in incubation 1 to 4 × 3-NOP in incubation 5 × Crotonic acid in incubation 5, P = 0.041; all other interactions, P ≥ 0.12. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).











[image: ]
Supplementary Figure 13. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on crotonate disappearance in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects and interactions are shown. a, b = different letters indicate Tukey´s-adjusted significant (P < 0.050) differences between treatment means. 3-NOP in incubations 1 to 4, P = 0.38; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P = 0.72; Crotonic acid in incubation 5, P < 0.001; Crotonic acid in incubations 1 to 4 × Crotonic acid in incubation 5, P < 0.001; all other interactions, P ≥ 0.20. Bars represent least square means ± SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).

[image: ]Supplementary Figure 14. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on total VFA production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.021; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P = 0.074; Crotonic acid in incubation 5, P = 0.036; all interactions, P ≥ 0.18. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).*
*
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Supplementary Figure 15. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on acetate production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.003; Crotonic acid in incubations 1 to 4, P = 0.051; 3-NOP in incubation 5, P = 0.33; Crotonic acid in incubation 5, P = 0.001; all interactions, P ≥ 0.12. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).


[image: ]Supplementary Figure 16. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on propionate production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.30; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P < 0.001; Crotonic acid in incubation 5, P = 0.15; all interactions, P ≥ 0.21. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).***
***
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Supplementary Figure 17. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on isobutyrate production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.052; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P = 0.93; Crotonic acid in incubation 5, P = 0.96; all interactions, P ≥ 0.17. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2). 

















[image: ]Supplementary Figure 18. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on 2 and 3 methylbutyrate production in incubation 5 of 5-transfer serial ruminal cultures. 2 and 3 methylbutyrate co-eluted the GC column and are reported as their sum. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.050) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.11; Crotonic acid in incubations 1 to 4, P = 0.049; 3-NOP in incubation 5, P = 0.67; Crotonic acid in incubation 5, P = 0.88; all interactions, P ≥ 0.11. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).*
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Supplementary Figure 19. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on valerate production in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 95). Only significant (P < 0.05) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.59; Crotonic acid in incubations 1 to 4, P = 0.089; 3-NOP in incubation 5, P < 0.001; Crotonic acid in incubation 5, P = 0.42; all interactions, P ≥ 0.24. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).
















[image: ]Supplementary Figure 20. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on pH in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 96). Only significant (P < 0.05) main effects are shown. +, 0.10 > P ≥ 0.050; *, 0.050 > P ≥ 0.010; **, 0.010 > P ≥ 0.001; ***, P < 0.001. 3-NOP in incubations 1 to 4, P = 0.077; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P = 0.16; Crotonic acid in incubation 5, P = 0.30; all interactions, P ≥ 0.084. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).***

















[image: ]
Supplementary Figure 21. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on ammonium (NH₄⁺) in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 96). Only significant (P < 0.05) main effects and interactions are shown. a, b = different letters indicate Tukey´s-adjusted significant (P < 0.050) differences between treatment means. 3-NOP in incubations 1 to 4, P = 0.28; Crotonic acid in incubations 1 to 4, P = 0.001; 3-NOP in incubation 5, P = 0.41; Crotonic acid in incubation 5, P = 0.69; 3-NOP in incubations 1 to 4 × 3-NOP in incubation 5, P = 0.030; all other interactions, P ≥ 0.071. Bars represent least square means ±SEM. Tukey´s test did not separate treatment means (P ≥ 0.050). Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).
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Supplementary Figure 22. Effect of 3-NOP at 10 µM and crotonic acid at 8 mM on dry matter disappearance (DMD%) in incubation 5 of 5-transfer serial ruminal cultures. Under a 2 × 2 × 2 × 2 factorial arrangement of treatments, cultures received 3-NOP in incubations 1 to 4 and/or incubation 5, and crotonic acid in incubations 1 to 4 and/or incubation 5 (N = 94). Only significant (P < 0.05) main effects and interactions are shown. a, b = different letters indicate Tukey´s-adjusted significant (P < 0.050) differences between treatment means. 3-NOP in incubations 1 to 4, P < 0.001; Crotonic acid in incubations 1 to 4, P < 0.001; 3-NOP in incubation 5, P = 0.46; Crotonic acid in incubation 5, P = 0.005; Crotonic acid in incubations 1 to 4 × Crotonic acid in incubation 5, P < 0.001; all other interactions, P ≥ 0.059. Bars represent least square means ±SEM. Cow donor of inoculum and week of incubation were included as random effects (Experiment 2).
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