	

Supplementary Table 1.  Effect of seasonality on the milk metabolome concentrations (mean ± standard deviation (mMol))  (n = 533) collected from farm (n = 10) and shop (n = 3) samples weekly (n = 41) across months throughout lactation.
	
	

	Metabolites*
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	p-value month
	p-value milk source
	p-value month-milk source

	2-Oxoglutarate
	0.153 ± 0.071ab
	0.154 ± 0.075ab
	0.153 ± 0.085ab
	0.130 ± 0.055a
	0.155 ± 0.060ab
	0.146 ± 0.050ab
	0.146 ± 0.050ab
	0.152 ± 0.089ab
	0.164 ± 0.084ab
	0.212 ± 0.067b
	0.072
	0.790
	<0.001

	3-Hydroxybutyrate
	0.047 ± 0.024c
	0.039 ± 0.019bc
	0.036 ± 0.021bc
	0.026 ± 0.010a
	0.030 ± 0.010ab
	0.029 ± 0.010ab
	0.030 ± 0.010ab
	0.030 ± 0.015ab
	0.036 ± 0.019abc
	0.038 ± 0.010bc
	<0.001
	0.244
	0.064

	Acetate
	0.067 ± 0.043b
	0.058 ± 0.039ab
	0.062 ± 0.046ab
	0.040 ± 0.017a
	0.052 ± 0.033ab
	0.044 ± 0.025ab
	0.049 ± 0.027ab
	0.055 ± 0.036ab
	0.067 ± 0.046b
	0.066 ± 0.035b
	0.002
	<0.001
	0.580

	Acetoacetate
	0.025 ± 0.015d
	0.018 ± 0.009cd
	0.018 ± 0.011cd
	0.014 ± 0.005bc
	0.012 ± 0.006bc
	0.010 ± 0.004ab
	0.011 ± 0.007ab
	0.010 ± 0.006ab
	0.009 ± 0.006a
	0.009 ± 0.003ab
	<0.001
	0.119
	0.064

	Acetone
	0.126 ± 0.110c
	0.098 ± 0.082c
	0.065 ± 0.044bc
	0.035 ± 0.017a
	0.038 ± 0.014ab
	0.035 ± 0.021a
	0.038 ± 0.023a
	0.041 ± 0.061a
	0.050 ± 0.060a
	0.061 ± 0.056ab
	<0.001
	0.880
	0.001

	Alanine
	0.049 ± 0.022a
	0.038 ± 0.012a
	0.047 ± 0.023a
	0.038 ± 0.011a
	0.042 ± 0.012a
	0.038 ± 0.012a
	0.038 ± 0.014a
	0.037 ± 0.011a
	0.038 ± 0.013a
	0.036 ± 0.008a
	0.046
	0.898
	0.193

	Betaine
	0.180 ± 0.128d
	0.097 ± 0.032abcd
	0.106 ± 0.061bcd
	0.066 ± 0.026a
	0.076 ± 0.022ab
	0.078 ± 0.053ab
	0.089 ± 0.077abc
	0.096 ± 0.045abcd
	0.137 ± 0.065cd
	0.159 ± 0.049d
	<0.001
	0.278
	0.035

	Butyrate
	0.081 ± 0.048a
	0.058 ± 0.031a
	0.081 ± 0.059a
	0.062 ± 0.038a
	0.091 ± 0.081a
	0.078 ± 0.044a
	0.067 ± 0.042a
	0.060 ± 0.040a
	0.090 ± 0.082a
	0.079 ± 0.077a
	0.061
	0.843
	0.310

	Caprate + Caprylate
	0.033 ± 0.017b
	0.025 ± 0.012ab
	0.030 ± 0.014ab
	0.018 ± 0.007a
	0.026 ± 0.015ab
	0.030 ± 0.014b
	0.028 ± 0.013ab
	0.028 ± 0.015ab
	0.035 ± 0.020b
	0.037 ± 0.029b
	<0.001
	0.801
	0.076

	Carnitine
	0.085 ± 0.026bc
	0.063 ± 0.029ab
	0.074 ± 0.034abc
	0.064 ± 0.018a
	0.076 ± 0.021abc
	0.064 ± 0.022a
	0.061 ± 0.016a
	0.070 ± 0.028ab
	0.092 ± 0.048abc
	0.107 ± 0.036c
	<0.001
	0.171
	0.023

	Choline
	0.255 ± 0.273a
	0.261 ± 0.102ab
	0.404 ± 0.214bc
	0.426 ± 0.166ab
	0.644 ± 0.236d
	0.603 ± 0.224cd
	0.577 ± 0.179cd
	0.605 ± 0.256cd
	0.785 ± 0.394d
	0.869 ± 0.259d
	<0.001
	0.925
	<0.001

	Citrate
	10.235 ± 4.067b
	8.364 ± 2.554ab
	6.801 ± 2.901a
	7.055 ± 1.703a
	7.268 ± 1.714a
	7.309 ± 1.487ab
	7.433 ± 2.085a
	6.982 ± 1.716a
	6.651 ± 1.549a
	6.124 ± 1.091a
	<0.001
	0.007
	0.096

	Creatine
	0.858 ± 0.372a
	0.663 ± 0.240a
	0.829 ± 0.451a
	0.703 ± 0.235a
	0.868 ± 0.303a
	0.807 ± 0.310a
	0.809 ± 0.280a
	0.781 ± 0.274a
	0.845 ± 0.317a
	0.836 ± 0.234a
	0.140
	0.960
	0.003

	Creatinine
	0.239 ± 0.104d
	0.171 ± 0.064cd
	0.141 ± 0.079bc
	0.119 ± 0.030abc
	0.107 ± 0.031ab
	0.083 ± 0.023a
	0.087 ± 0.049a
	0.079 ± 0.034a
	0.086 ± 0.038a
	0.093 ± 0.022ab
	<0.001
	0.834
	0.489

	Dimethyl sulfone
	0.034 ± 0.020ab
	0.031 ± 0.017a
	0.055 ± 0.043bcd
	0.061 ± 0.036cd
	0.074 ± 0.046d
	0.061 ± 0.031cd
	0.073 ± 0.039d
	0.057 ± 0.024cd
	0.043 ± 0.027abc
	0.034 ± 0.021ab
	<0.001
	0.061
	0.005

	Formate
	0.017 ± 0.009b
	0.014 ± 0.010ab
	0.016 ± 0.010ab
	0.011 ± 0.004a
	0.013 ± 0.005ab
	0.011 ± 0.005ab
	0.012 ± 0.005ab
	0.011 ± 0.005ab
	0.013 ± 0.006ab
	0.013 ± 0.006ab
	0.012
	0.011
	0.029

	Fucose
	0.035 ± 0.017cd
	0.032 ± 0.016bcd
	0.036 ± 0.019cd
	0.023 ± 0.007ab
	0.021 ± 0.007a
	0.020 ± 0.007a
	0.024 ± 0.009a
	0.027 ± 0.011abc
	0.037 ± 0.018cd
	0.041 ± 0.012d
	<0.001
	0.094
	<0.001

	Fumarate
	0.040 ± 0.019b
	0.037 ± 0.018b
	0.035 ± 0.024ab
	0.028 ± 0.013a
	0.034 ± 0.014ab
	0.032 ± 0.014ab
	0.032 ± 0.014ab
	0.030 ± 0.020ab
	0.032 ± 0.019ab
	0.035 ± 0.012ab
	0.010
	0.159
	0.038

	Glucose-1-phosphate
	0.262 ± 0.182d
	0.117 ± 0.051d
	0.063 ± 0.032cd
	0.035 ± 0.025bc
	0.013 ± 0.009ab
	0.015 ± 0.023a
	0.051 ± 0.041bc
	0.034 ± 0.024bc
	0.034 ± 0.027bc
	0.026 ± 0.032ab
	<0.001
	0.464
	<0.001

	Glutamate
	0.294 ± 0.127d
	0.247 ± 0.075cd
	0.291 ± 0.141d
	0.232 ± 0.070cd
	0.244 ± 0.066cd
	0.217 ± 0.069cd
	0.213 ± 0.084bc
	0.182 ± 0.066abc
	0.155 ± 0.080ab
	0.133 ± 0.044a
	<0.001
	0.294
	0.048

	Hippurate
	0.221 ± 0.076abc
	0.202 ± 0.052abc
	0.300 ± 0.125d
	0.280 ± 0.074d
	0.247 ± 0.069cd
	0.249 ± 0.083cd
	0.285 ± 0.081d
	0.231 ± 0.071bcd
	0.185 ± 0.073ab
	0.155 ± 0.037a
	<0.001
	0.002
	0.004

	Isoleucine
	0.007 ± 0.005b
	0.004 ± 0.002ab
	0.005 ± 0.003ab
	0.004 ± 0.001a
	0.005 ± 0.002ab
	0.005 ± 0.002ab
	0.005 ± 0.002ab
	0.005 ± 0.002ab
	0.005 ± 0.002ab
	0.005 ± 0.002ab
	0.051
	0.263
	<0.001

	Lactate
	0.071 ± 0.047b
	0.051 ± 0.028ab
	0.053 ± 0.034ab
	0.044 ± 0.014a
	0.055 ± 0.029ab
	0.051 ± 0.024ab
	0.054 ± 0.018ab
	0.056 ± 0.022ab
	0.072 ± 0.033b
	0.080 ± 0.028b
	0.002
	0.021
	<0.001

	Lactose
	138.616 ± 48.732ab
	120.36 ± 32.778ab
	150.278 ± 67.346b
	119.629 ± 32.725ab
	132.949 ± 38.438ab
	116.924 ± 33.718ab
	119.075 ± 43.850ab
	109.32 ± 31.599a
	113.144 ± 36.751a
	107.603 ± 24.360ab
	0.007
	0.143
	0.171

	Malonate
	0.069 ± 0.030d
	0.043 ± 0.013bc
	0.044 ± 0.018bcd
	0.033 ± 0.007a
	0.039 ± 0.011ab
	0.037 ± 0.012ab
	0.040 ± 0.009abc
	0.044 ± 0.016abc
	0.054 ± 0.021bcd
	0.056 ± 0.017cd
	<0.001
	0.540
	0.008

	N-Acetylglucosamine
	1.067 ± 0.591e
	0.702 ± 0.261e
	0.710 ± 0.422de
	0.433 ± 0.165cd
	0.330 ± 0.128bc
	0.309 ± 0.108abc
	0.382 ± 0.284bc
	0.322 ± 0.161abc
	0.261 ± 0.193ab
	0.158 ± 0.077a
	<0.001
	0.762
	<0.001

	O-Acetylcarnitine
	0.106 ± 0.055c
	0.068 ± 0.027bc
	0.064 ± 0.030bc
	0.037 ± 0.015a
	0.029 ± 0.008a
	0.033 ± 0.022a
	0.042 ± 0.015ab
	0.050 ± 0.026ab
	0.068 ± 0.031bc
	0.072 ± 0.021bc
	<0.001
	0.762
	<0.001

	O-Phosphocholine
	0.772 ± 0.487d
	0.483 ± 0.168d
	0.429 ± 0.226d
	0.170 ± 0.076c
	0.086 ± 0.048b
	0.043 ± 0.030a
	0.077 ± 0.147ab
	0.053 ± 0.090a
	0.058 ± 0.101ab
	0.054 ± 0.020ab
	<0.001
	0.167
	0.005

	Orotic acid
	4.283 ± 1.593ab
	4.113 ± 1.240a
	5.727 ± 2.341bc
	5.184 ± 1.288abc
	6.122 ± 1.778bc
	6.124 ± 2.343bc
	6.094 ± 1.707c
	5.634 ± 1.454bc
	5.287 ± 1.307abc
	4.721 ± 1.092abc
	<0.001
	0.032
	<0.001

	Phenylalanine
	0.015 ± 0.006bcde
	0.011 ± 0.004abcd
	0.015 ± 0.007cde
	0.011 ± 0.004abc
	0.009 ± 0.004a
	0.011 ± 0.004abcde
	0.015 ± 0.005e
	0.015 ± 0.004e
	0.014 ± 0.004de
	0.009 ± 0.003ab
	<0.001
	0.022
	<0.001

	Proline
	0.068 ± 0.030b
	0.046 ± 0.016ab
	0.041 ± 0.017a
	0.040 ± 0.013a
	0.043 ± 0.016a
	0.035 ± 0.011a
	0.036 ± 0.011a
	0.036 ± 0.014a
	0.040 ± 0.016a
	0.045 ± 0.016ab
	<0.001
	0.019
	0.041

	Pyruvate
	0.028 ± 0.041ab
	0.019 ± 0.016ab
	0.039 ± 0.043b
	0.023 ± 0.013ab
	0.024 ± 0.012ab
	0.023 ± 0.030ab
	0.022 ± 0.019ab
	0.022 ± 0.021ab
	0.017 ± 0.012a
	0.027 ± 0.023ab
	0.006
	<0.001
	<0.001

	Succinate
	0.026 ± 0.014ab
	0.025 ± 0.010ab
	0.033 ± 0.019ab
	0.021 ± 0.008a
	0.026 ± 0.011ab
	0.029 ± 0.019ab
	0.030 ± 0.018ab
	0.034 ± 0.022ab
	0.045 ± 0.041b
	0.024 ± 0.018ab
	0.083
	0.790
	<0.001

	Trimethylamine
	0.004 ± 0.002c
	0.003 ± 0.001bc
	0.003 ± 0.001bc
	0.002 ± 0.001a
	0.002 ± 0.001a
	0.002 ± 0.001a
	0.002 ± 0.001a
	0.002 ± 0.001a
	0.002 ± 0.001a
	0.002 ± 0.001ab
	<0.001
	0.085
	0.025

	Urea
	2.802 ± 0.840a
	4.157 ± 1.518abc
	5.303 ± 2.689bc
	3.570 ± 1.672ab
	3.285 ± 1.322a
	3.938 ± 1.783ab
	4.952 ± 2.055bc
	6.007 ± 1.616c
	6.325 ± 2.051c
	5.109 ± 1.531bc
	<0.001
	0.337
	0.945

	Valerate
	0.020 ± 0.009a
	0.018 ± 0.007a
	0.021 ± 0.010a
	0.018 ± 0.010a
	0.023 ± 0.022a
	0.018 ± 0.010a
	0.014 ± 0.008a
	0.014 ± 0.008a
	0.019 ± 0.012a
	0.024 ± 0.025a
	0.038
	0.805
	0.868

	Valine
	0.015 ± 0.007a
	0.010 ± 0.004a
	0.016 ± 0.009a
	0.013 ± 0.004a
	0.014 ± 0.005a
	0.013 ± 0.005a
	0.014 ± 0.006a
	0.013 ± 0.004a
	0.014 ± 0.006a
	0.013 ± 0.005a
	0.094
	0.974
	0.009

	sn-Glycero-3-phosphocholine
	0.985 ± 0.406a
	0.743 ± 0.227a
	1.055 ± 0.550a
	0.875 ± 0.309a
	0.919 ± 0.318a
	0.802 ± 0.268a
	0.870 ± 0.413a
	0.795 ± 0.226a
	0.808 ± 0.263a
	0.624 ± 0.178a
	0.007
	0.852
	0.303


*Total samples = 533



