Effect of changes in lipid classes during wilting and ensiling of red clover using two silage additives on in vitro ruminal biohydrogenation.
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SUPPLEMENTARY TABLES
Table S1.  Composition of the major fatty acids (g per 100 g detected fatty acids) and total fatty acids (mg per g dry material) of fresh and wilted red clover which was undamaged, crushed or frozen/thawed before wilting (n=3)
	Stage
	Treatment
	C16:0

(g/100g FA)
	C18:0

(g/100g FA)
	C18:1 n-9
(g/100g FA)
	C18:2 n-6
(g/100g FA)
	C18:3 n-3
(g/100g FA)
	Total FA

(mg/g DM)

	Fresh
	-
	11
	3
	2
	13
	66
	21

	
	
	
	
	
	
	
	

	Wilted
	ND
	14
	3
	2
	14
	60
	15

	
	CR
	16
	3
	2
	17
	57
	17

	
	FT
	19
	3
	4
	18
	50
	15

	
	
	
	
	
	
	
	

	s.e.m. (d.f. = 6)
	
	1.0
	0.1
	0.2
	0.9
	1.8
	2.4

	
	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	
	

	 Treatment
	
	0.031
	0.011
	0.014
	0.041
	0.020
	0.737


FA, fatty acid; DM, dry material; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S2.  Composition of the major fatty acids (g per 100 g detected fatty acids) and total fatty acids (mg per g dry material) in red clover which was undamaged, crushed or frozen/thawed before wilting and ensiled with molasses or formic acid as additive for 2, 4, 10 or 60 days (n=3)
	Stage
	Treatment
	C16:0

(g/100g FA)
	
	C18:0

(g/100g FA)
	
	C18:1 n-9
(g/100g FA)
	
	C18:2 n-6
(g/100g FA)
	
	C18:3 n-3
(g/100g FA)
	
	Total FA

(mg/g DM)

	
	
	MOL
	FOR
	
	MOL
	FOR
	
	MOL
	FOR
	
	MOL
	FOR
	
	MOL
	FOR
	
	MOL
	FOR

	2-days silage
	ND
	19
	21
	
	4
	4
	
	4
	3
	
	15
	18
	
	51
	48
	
	11
	13

	
	CR
	19
	21
	
	4
	5
	
	3
	4
	
	18
	18
	
	50
	48
	
	11
	14

	
	FT
	21
	20
	
	4
	4
	
	4
	4
	
	19
	20
	
	48
	47
	
	15
	17

	4-days silage
	ND
	19
	18
	
	4
	4
	
	3
	3
	
	16
	16
	
	49
	51
	
	16
	17

	
	CR
	18
	18
	
	4
	3
	
	4
	3
	
	15
	18
	
	50
	52
	
	19
	16

	
	FT
	21
	21
	
	4
	4
	
	4
	6
	
	18
	20
	
	43
	41
	
	16
	16

	10-days silage
	ND
	18
	19
	
	4
	4
	
	3
	3
	
	18
	18
	
	52
	51
	
	16
	14

	
	CR
	18
	20
	
	4
	4
	
	3
	3
	
	17
	19
	
	53
	49
	
	15
	12

	
	FT
	21
	21
	
	4
	4
	
	4
	4
	
	19
	19
	
	48
	47
	
	15
	13

	60-days silage
	ND
	19
	18
	
	5
	4
	
	5
	3
	
	18
	17
	
	48
	53
	
	12
	13

	
	CR
	18
	19
	
	4
	4
	
	4
	4
	
	17
	19
	
	52
	48
	
	11
	14

	
	FT
	22
	23
	
	5
	4
	
	5
	5
	
	20
	22
	
	41
	41
	
	11
	11

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	s.e.m. (d.f. = 48)
	0.6
	
	0.3
	
	0.8
	
	0.7
	
	2.0
	
	1.0

	
	
	
	
	
	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	
	
	
	
	
	

	 Stage (linear contrast)
	0.912
	
	0.471
	
	0.141
	
	0.040
	
	0.715
	
	0.006

	 Stage (quadratic contrast)
	0.007
	
	0.107
	
	0.087
	
	0.059
	
	0.330
	
	<0.001

	 Additive
	0.083
	
	0.946
	
	0.686
	
	<0.001
	
	0.406
	
	0.949

	 Treatment
	<0.001
	
	0.398
	
	0.091
	
	<0.001
	
	<0.001
	
	0.852

	 Additive × Stage (linear contrast)
	0.544
	
	0.349
	
	0.366
	
	0.270
	
	0.501
	
	0.190

	Additive × Stage (quadratic contrast)
	0.619
	
	0.443
	
	0.258
	
	0.916
	
	0.829
	
	<0.001

	Treatment × Stage (linear contrast)
	0.018
	
	0.201
	
	0.716
	
	0.727
	
	0.157
	
	0.016

	Treatment × Stage (quadratic contrast)
	0.942
	
	0.647
	
	0.360
	
	0.384
	
	0.868
	
	0.033

	 Additive × Treatment
	0.565
	
	0.959
	
	0.313
	
	0.557
	
	0.664
	
	0.796

	 Additive × Treatment × Stage (linear contrast)
	0.416
	
	0.904
	
	0.702
	
	0.233
	
	0.215
	
	0.845

	Additive × Treatment × Stage (quadratic contrast)
	0.780
	
	0.209
	
	0.179
	
	0.522
	
	0.664
	
	0.024


FA, fatty acid; DM, dry material; MOL, molasses; FOR, formic acid; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S3.  Composition of the major fatty acids (g per 100 g detected fatty acids) and total fatty acids (mg per g dry material) of fresh, wilted and ensiled undamaged perennial ryegrass with molasses as additive for 4 or 60 days (n=3)
	Stage
	C16:0

(g/100g FA)
	C18:0

(g/100g FA)
	C18:1 n-9
(g/100g FA)
	C18:2 n-6
(g/100g FA)
	C18:3 n-3
(g/100g FA)
	Total FA

(mg/g DM)

	Fresh
	14
	2
	1
	13
	64
	17

	Wilted
	14
	2
	1
	13
	64
	16

	4-days silage
	20
	4
	3
	13
	54
	20

	60-days silage
	19
	3
	2
	15
	59
	18

	
	
	
	
	
	
	

	s.e.m. (d.f. = 8)
	0.7
	0.7
	0.7
	0.5
	2.4
	0.6

	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	

	 Stage
	0.001
	0.381
	0.457
	0.116
	0.048
	0.008


FA, fatty acid; DM, dry material; PL, polar lipid fraction; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S4.  Distribution of total fatty acids in the polar lipid, free fatty acid or neutral lipid fraction (g/100g total fatty acids) and biohydrogenation of C18:2n-6 and C18:3n-3 after 24 h in vitro rumen incubation of fresh and wilted red clover which was undamaged, crushed or frozen/thawed before wilting (n=3)
	Stage
	Treatment
	PL

(g/100g FA)
	FFA

(g/100g FA)
	NL

(g/100g FA)
	BH C18:2n-6

(proportion)
	BH C18:3n-3

(proportion)

	Fresh
	-
	81
	3
	16
	0.875
	0.802

	
	
	
	
	
	
	

	Wilted
	ND
	63
	7
	30
	0.893
	0.768

	
	CR
	46
	8
	46
	0.884
	0.748

	
	FT
	38
	19
	43
	0.904
	0.686

	
	
	
	
	
	
	

	s.e.m. (d.f. = 6)
	
	6.3
	1.3
	6.2
	0.0075
	0.0091

	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	

	 Treatment
	
	0.079
	0.002
	0.248
	0.247
	0.002


PL, polar lipid fraction; FA, fatty acid; FFA, free fatty acid fraction; NL, neutral lipid fraction; BH, biohydrogenation; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S5.  Distribution of total fatty acids in the polar lipid, free fatty acid or neutral lipid fraction (g/100g total fatty acids) in red clover which was undamaged, crushed or frozen/thawed before wilting and ensiled with molasses or formic acid as additive for 2, 4, 10 or 60 days (n=3)
	Stage
	Treatment
	PL

(g/100g FA)
	
	FFA

(g/100g FA)
	
	NL

(g/100g FA)

	
	
	MOL
	FOR
	
	MOL
	FOR
	
	MOL
	FOR

	2-days silage
	ND
	27
	25
	
	36
	36
	
	37
	39

	
	CR
	19
	26
	
	36
	32
	
	45
	43

	
	FT
	31
	27
	
	37
	24
	
	32
	50

	4-days silage
	ND
	23
	32
	
	51
	33
	
	26
	35

	
	CR
	23
	29
	
	48
	32
	
	29
	38

	
	FT
	26
	27
	
	37
	29
	
	37
	44

	10-days silage
	ND
	20
	26
	
	49
	40
	
	31
	34

	
	CR
	17
	25
	
	50
	43
	
	32
	32

	
	FT
	21
	24
	
	42
	40
	
	37
	36

	60-days silage
	ND
	13
	22
	
	57
	43
	
	30
	35

	
	CR
	16
	11
	
	53
	47
	
	32
	42

	
	FT
	16
	6
	
	50
	55
	
	35
	39

	
	
	
	
	
	
	
	
	
	

	s.e.m. (d.f. = 48)
	2.7
	
	2.6
	
	2.7

	
	
	
	
	
	

	P-value
	
	
	
	
	

	 Stage (linear contrast)
	<0.001
	
	<0.001
	
	0.013

	 Stage (quadratic contrast)
	0.001
	
	0.376
	
	0.001

	 Additive
	0.058
	
	<0.001
	
	<0.001

	 Treatment
	0.184
	
	0.001
	
	0.006

	 Additive × Stage (linear contrast)
	0.520
	
	0.398
	
	0.664

	Additive × Stage (quadratic contrast)
	0.008
	
	0.043
	
	0.331

	Treatment × Stage (linear contrast)
	0.044
	
	0.211
	
	0.885

	Treatment × Stage (quadratic contrast)
	0.701
	
	0.105
	
	0.019

	 Additive × Treatment
	0.030
	
	0.013
	
	0.558

	 Additive × Treatment × Stage (linear contrast)
	0.037
	
	0.034
	
	0.075

	Additive × Treatment × Stage (quadratic contrast)
	0.531
	
	0.531
	
	0.053


PL, polar lipid fraction; FA, fatty acid; FFA, free fatty acid fraction; NL, neutral lipid fraction; MOL, molasses; FOR, formic acid; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S6.  Distribution of total fatty acids in the polar lipid, free fatty acid or neutral lipid fraction (g/100g total fatty acids) and biohydrogenation of C18:2n-6 and C18:3n-3 after 24 h in vitro rumen incubation of fresh undamaged perennial ryegrass which was wilted or ensiled with molasses as additive for 4 or 60 days (n=3)
	Stage
	PL

(g/100g FA)
	FFA

(g/100g FA)
	NL

(g/100g FA)
	BH C18:2n-6

(proportion)
	BH C18:3n-3

(proportion)

	Fresh
	85
	4
	11
	0.858
	0.856

	Wilted
	76
	5
	19
	0.880
	0.826

	4-days silage
	20
	40
	40
	0.858
	0.861

	60-days silage
	7
	63
	30
	0.798
	0.876

	
	
	
	
	
	

	s.e.m. (d.f. = 8)
	1.5
	2.9
	1.7
	0.0067
	0.0105

	
	
	
	
	
	

	P-value
	
	
	
	
	

	 Stage
	<0.001
	<0.001
	<0.001
	<0.001
	0.061


PL, polar lipid fraction; FA, fatty acid; FFA, free fatty acid fraction; NL, neutral lipid fraction; BH, biohydrogenation; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S7.  Biohydrogenation of C18:2n-6 and C18:3n-3 after 24h in vitro rumen incubation of red clover which was undamaged, crushed or frozen/thawed before wilting and ensiled with molasses or formic acid as additive for 4 or 60 days (n=3)
	Stage
	Treatment
	BH C18:2n-6

(proportion)
	
	BH C18:3n-3

(proportion)

	
	
	MOL
	FOR
	
	MOL
	FOR

	4-days silage
	ND
	0.863
	0.882
	
	0.717
	0.738

	
	CR
	0.878
	0.887
	
	0.714
	0.740

	
	FT
	0.896
	0.902
	
	0.706
	0.709

	60-days silage
	ND
	0.857
	0.861
	
	0.715
	0.685

	
	CR
	0.867
	0.861
	
	0.681
	0.654

	
	FT
	0.868
	0.874
	
	0.622
	0.636

	
	
	
	
	
	
	

	s.e.m. (d.f. = 24)
	0.0065
	
	0.0094

	
	
	
	

	P-value
	
	
	

	 Stage
	<0.001
	
	<0.001

	 Additive
	0.101
	
	0.855

	 Treatment
	0.001
	
	<0.001

	 Stage × Additive
	0.199
	
	0.008

	 Stage × Treatment
	0.325
	
	0.003

	 Additive × Treatment
	0.534
	
	0.610

	 Stage × Additive × Treatment
	0.668
	
	0.039


BH, biohydrogenation; MOL, molasses; FOR, formic acid; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S8.  Volatile fatty acid production (µmol per incubation flask), proportion of acetic acid, propionic acid and butyric acid, methane and hydrogen production (µmol per incubation flask) after 24 h in vitro rumen incubation of fresh and wilted red clover which was undamaged, crushed or frozen/thawed before wilting (n=3)
	Stage
	Treatment
	Total VFA

(µmol/flask)
	Acetic acid

(g/100g total VFA)
	Propionic acid

(g/100g total VFA)
	Butyric acid

(g/100g total VFA)
	H2

(µmol/flask)
	CH4

(µmol/flask)

	Fresh
	-
	1052
	55.3
	31.2
	7.53
	0.487
	391

	
	
	
	
	
	
	
	

	Wilted
	ND
	1056
	56.2
	30.3
	6.17
	0.466
	389

	
	CR
	998.4
	56.7
	29.5
	6.28
	0.466
	386

	
	FT
	1030
	58.8
	28.2
	7.04
	0.456
	402

	
	
	
	
	
	
	
	

	s.e.m. (d.f. = 6)
	
	28.5
	1.04
	0.87
	0.090
	0.0263
	3.3

	
	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	
	

	 Treatment
	
	0.410
	0.249
	0.278
	0.001
	0.956
	0.035


VFA, volatile fatty acid; H2, hydrogen gas; CH4, methane; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S9.  Volatile fatty acid production (µmol per incubation flask), proportion of acetic acid, propionic acid and butyric acid, methane and hydrogen production (µmol per incubation flask) after 24h in vitro rumen incubation of red clover which was undamaged, crushed or frozen/thawed before wilting and ensiled with molasses or formic acid as additive for 4 or 60 days (n=3)
	Stage
	Additive
	Treatment
	Total VFA

(µmol/flask)
	Acetic acid

(g/100g total VFA)
	Propionic acid

(g/100g total VFA)
	Butyric acid

(g/100g total VFA)
	H2

(µmol/flask)
	CH4

(µmol/flask)

	4-days silage
	MOL
	ND
	1011
	55.4
	31.7
	6.16
	0.402
	353

	
	
	CR
	990.0
	55.4
	31.2
	6.53
	0.408
	359

	
	
	FT
	1031
	55.6
	30.6
	7.43
	0.458
	385

	
	FOR
	ND
	1063
	56.6
	30.9
	6.45
	0.417
	368

	
	
	CR
	1035
	57.1
	29.6
	6.41
	0.431
	384

	
	
	FT
	1015
	57.6
	28.8
	7.29
	0.512
	407

	60-days silage
	MOL
	ND
	1178
	51.1
	33.7
	7.80
	0.655
	343

	
	
	CR
	1184
	52.3
	32.7
	7.52
	0.667
	343

	
	
	FT
	1078
	54.0
	32.1
	7.48
	0.484
	366

	
	FOR
	ND
	1126
	51.2
	34.6
	7.78
	0.783
	311

	
	
	CR
	1162
	51.2
	33.8
	8.40
	0.513
	341

	
	
	FT
	1093
	56.2
	30.3
	7.68
	0.499
	375

	
	
	
	
	
	
	
	
	

	s.e.m. (d.f. = 24)
	45.4
	0.75
	0.53
	0.268
	0.0504
	8.7

	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	

	 Stage
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	 Additive
	0.897
	0.027
	0.045
	0.255
	0.678
	0.263

	 Treatment
	0.377
	<0.001
	<0.001
	0.100
	0.111
	<0.001

	 Stage × Additive
	0.380
	0.175
	0.024
	0.278
	0.548
	0.015

	 Stage × Treatment
	0.332
	0.009
	0.161
	0.003
	0.001
	0.822

	 Additive × Treatment
	0.977
	0.214
	0.058
	0.651
	0.265
	0.127

	 Stage × Additive × Treatment
	0.561
	0.383
	0.196
	0.246
	0.223
	0.408


VFA, volatile fatty acid; H2, hydrogen gas; CH4, methane; MOL, molasses; FOR, formic acid; ND, undamaged; CR, crushed; FT, frozen/thawed; s.e.m., standard error of the mean; d.f., degrees of freedom

Table S10.  Volatile fatty acid production (µmol per incubation flask), proportion of acetic acid, propionic acid and butyric acid, methane and hydrogen production (µmol per incubation flask) after 24 h in vitro rumen incubation of wilted and ensiled undamaged perennial ryegrass with molasses as additive for 4 or 60 days (n=3)

	Stage
	Total VFA

(µmol/flask)
	Acetic acid

(g/100g total VFA)
	Propionic acid

(g/100g total VFA)
	Butyric acid

(g/100g total VFA)
	H2

(µmol/flask)
	CH4

(µmol/flask)

	Fresh
	1153
	54.2
	32.4
	9.41
	0.460
	396

	Wilted
	1105
	53.0
	33.3
	8.65
	0.496
	397

	4-days silage
	1304
	54.5
	32.9
	7.81
	0.423
	379

	60-days silage
	1369
	51.7
	36.2
	7.21
	0.530
	381

	
	
	
	
	
	
	

	s.e.m. (d.f. = 8)
	52.9
	0.93
	0.68
	0.221
	0.0290
	7.5

	
	
	
	
	
	
	

	P-value
	
	
	
	
	
	

	Stage
	0.024
	0.201
	0.018
	<0.001
	0.130
	0.260


VFA, volatile fatty acid; H2, hydrogen gas; CH4, methane; s.e.m., standard error of the mean; d.f., degrees of freedom

