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MATERIALS AND EXPERIMENTS
Sample Preparation and 1H NMR Spectroscopic Analysis. The samples were randomized and defrosted at room temperature for 1 h. They were vortexed for 10 sec and centrifuged at 4 °C for 10 min at 18,000 g. A total of 400 μL of supernatant was carefully transferred into a new microcentrifuge tube containing 250 μL of 0.2 M sodium phosphate buffer solution (pH 7.4, 100% of deuterium oxide (D2O) for the field lock of the NMR spectrometer and 0.01% of sodium-3-(trimethylsilyl) [2,2,3,3,-2H4] propionate (TSP) acting as a peak of reference at 0 ppm and 3mM NaN3 acting as bacteriostatic reagent). The mixture was vortexed and centrifuged for 10 sec, and 600 μL of the mixture was pipetted into NMR tubes with an outer diameter of 5 mm 1. The samples were analysed in a randomised order using a Bruker 600 MHz spectrometer (Bruker, Rheinstetten, Germany) set to a constant temperature of 300 K. The operating frequency of 600.13 MHz, and a standard one dimensional pulse sequence (recycle delay-90°-t1-90°-tm-90°-acquisition) was used, with t1 corresponding to 3 ms, tm to 10 ms, and the 90° pulses to 10 μs. The suppression of the water peak was completed during tm and the recycle delay (4 sec). A total of 64 scans were acquired per sample into 64 K data points with a spectral width of 20 ppm1.

1H NMR Spectral Data Pre-processing. Fourier transformation, phasing, baseline corrections and spectral calibration to TSP (0 ppm) were automatically executed on TOPSPIN 3.1 software (Bruker Biospin, Rheinstetten, Germany). The data were imported into MATLAB (Version 8.3.0.532 R2014a, Mathworks Inc, Natick, MA, USA) with a resolution of 0.001 ppm using an in-house developed script, resulting in a total of 10,000 data points. Samples (D1CF_FG5h_b and D3FW_FZ24h_c) were excluded due to poor water suppression and samples (D3FW_RT5h_b and D3FW_RT5h_c) were strong outliers in the PCA scores plot and excluded to reduce the impact on the mean subtraction described below. The water peak region (1H 4.67 - 4.98) of the remaining 506 spectra was excluded because of its distorted peak shape caused by the water suppression. The TSP peak was also removed since it was added to the samples during the sample preparation as a chemical shift reference. Finally, in order to account for differential water content of the fecal samples prior to the 2:1 dilution phase, the data were normalized using a median fold normalization method2.

Multivariate Statistical Data Analyses. For the purpose of statistical analysis, the five donors were treated as independent biological replicates and the crude samples collected from different regions or subjected to various storage conditions were considered as independent analytical replicates since they were collected in individual vials under different conditions. The pre-processed data were first analyzed using SIMCA 13.0 (Umetrics AB, Umeå, Sweden) using principal component analysis (PCA) with a unit variance (UV) scaling. After evaluating the inter-individual differences in fecal composition, in order to eliminate inter-individual differences that would otherwise dominate the mathematical models, the mean spectrum for a given individual was calculated and subtracted from all other spectra obtained from this individual using a MATLAB script. Pairwise orthogonal projections to latent structures-discriminant analysis (OPLS-DA) models were calculated for each sampling condition with one PLS component and one orthogonal component, and their significance was based on the predictivity of the model (Q2 > 0.5) and the probability that the results obtained were not due to chance (p < 0.05), which was obtained by cross validated (CV)-ANOVA. All the OPLS-DA analyses were calculated using 30 samples per model (15 per class). According to the Pearson correlation (r) table, for 30 samples and a significance of p < 0.05, the critical cut-off value of r was 0.3610, for p < 0.01 it is 0.4629, and for p < 0.001 it is 0.5703. The color scheme next to the loadings plots represents the square of the Pearson correlation coefficient (r): r2, thus the redder the peak, the higher the correlation value is with that particular class and hence the more discriminant a given metabolite is.
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Figure S1. PCA scores plots of the 506 samples showing inter-individual variation (A. PC1 (first principal component) vs. PC2; B. PC1 vs. PC3; C. PC2 vs. PC3). (D) The mean 1H NMR spectra of five donors. Key: 1. 2-methyl butyrate; 2. butyrate; 3. isoleucine; 4. leucine; 5. propionate; 6. valine; 7. ethanol; 8. lactate; 9. caprylate; 10.  valerate; 11. alanine; 12. lysine; 13. thymine; 14. acetate; 15. N6-acetyllysine 2; 16. N-acetylglutamate; 17. N-acetylcysteine; 18. proline; 19. succinate; 20. glutamate; 21. methionine; 22. 3-phenylpropionate; 23. aspartate; 24. malonate; 25. glycerophosphocholine; 26. hypotaurine; 27. glycine; 28. glycerol; 29. a-glucose; 30. urocanate; 31. fumarate; 32. 3-hydroxyphenylacetate; 33. 4-cresol; 34. tyrosine; 35. 4-hydroxyphenyllactate; 36. phenylalanine; 37. uracil; 38. 4-hydroxybenzoate; 39. nicotinate; 40. formate; 41. 3-hydroxyisovalerate; 42. pyruvate; 43. acetoacetate; 44. methanol; 45. 2-oxoglutarate; 46. hypoxanthine; 47. isobutyrate; 48. unknown 1; 49. unknown 2; 50. -xylose; 51. -arabinose; 52. -glucose; 53. -xylose.
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Figure S2. PCA scores plots of 1H NMR spectr al data of stool samples collected from the different stool positions: top (yellow), bottom (pink), middle (red), edge (cyan), homogenized crude fecal control (green) and fecal water control (blue). Refer to Figure 1 main text for positional reference.
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Figure S3. An OPLS-DA loadings plot of 1H NMR spectral data showing the discriminant metabolites between crude fecal control and fecal water control samples. The metabolites pointing upwards exhibit higher concentrations in the crude controls, whereas the metabolites pointing downwards exhibit higher concentrations in the faecal water controls.
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Figure S4. Representative plots of relative concentrations of fumarate, tyrosine and propionate in the crude fecal samples (A) and formate, alanine and propionate in the fecal water (B) stored at different conditions. *, **, *** and **** indicate differences between the control and each storage condition at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively (two-tailed heteroscedastic t-test). FT: freeze-thaw cycle.

[image: C:\Users\jli\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\Z3F5I6H0\Figure S5 (2).tif]
Figure S5. Coefficient of variation of principal metabolites obtained from crude fecal samples (A) and fecal water extracts (B) stored at different storage conditions.  
Table S1 The abbreviations adopted for experimental conditions.
	Abbreviation of conditions
	Description

	D1, D2, D3, D4, D5
	Donor 1, Donor 2, Donor 3, Donor 4, Donor 5

	a, b, c
	Replicates a, b, c for each condition

	T
	Top

	E
	Edge

	M
	Middle

	B
	Bottom

	CF_control
	Crude fecal control

	CF_RT1h
	Crude fecal sample stored at room temperature for 1 hour

	CF_RT5h
	Crude fecal sample stored at room temperature for 5 hour

	CF_RT10h
	Crude fecal sample stored at room temperature for 10 hour

	CF_RT24h
	Crude fecal sample stored at room temperature for 24 hour

	CF_FG1h
	Crude fecal sample stored at 4°C for 1 hour

	CF_FG5h
	Crude fecal sample stored at 4°C for 5 hour

	CF_FG10h
	Crude fecal sample stored at 4°C for 10 hour

	CF_FG24h
	Crude fecal sample stored at 4°C for 24 hour

	CF_FZ1h
	Crude fecal sample stored at -20°C for 1 hour

	CF_FZ5h
	Crude fecal sample stored at -20°C for 5 hour

	CF_FZ10h
	Crude fecal sample stored at -20°C for 10 hour

	CF_FZ24h
	Crude fecal sample stored at -20°C for 24 hour

	CF_FG24h_RT5h
	Crude fecal sample stored at 4°C for 24 hour followed by 5-hour storing at room temperature

	CF_FZ24h_RT5h
	Crude fecal sample stored at -20°C for 24 hour followed by 5-hour thawing at room temperature

	FW_control
	Fecal water control, equivalent to sample with one freeze-thaw cycle (24-hour at -80°C and 2-hour at room temperature) since all fecal water samples were frozen at -80°C and thaw for 2 hours prior to NMR analysis.

	FW_RT1h
	Fecal water sample stored at room temperature for 1 hour

	FW_RT5h
	Fecal water sample stored at room temperature for 5 hour

	FW_RT10h
	Fecal water sample stored at room temperature for 10 hour

	FW_RT24h
	Fecal water sample stored at room temperature for 24 hour

	FW_FG1h
	Fecal water sample stored at 4°C for 1 hour

	FW_FG5h
	Fecal water sample stored at 4°C for 5 hour

	FW_FG10h
	Fecal water sample stored at 4°C for 10 hour

	FW_FG24h
	Fecal water sample stored at 4°C for 24 hour

	FW_FZ1h
	Fecal water sample stored at -20°C for 1 hour

	FW_FZ5h
	Fecal water sample stored at -20°C for 5 hour

	FW_FZ10h
	Fecal water sample stored at -20°C for 10 hour

	FW_FZ24h
	Fecal water sample stored at -20°C for 24 hour

	FW_FT2
	Fecal water sample after two freeze-thaw cycle (24-hour at -80°C and 2-hour at room temperature)

	FW_FT3
	Fecal water sample after three freeze-thaw cycle (24-hour at -80°C and 2-hour at room temperature)




Table S2. List of fecal water metabolites detected using 1H NMR spectroscopy
	No.
	Compound
	Proton chemical shift in ppm and multiplicity

	1
	2-Methyl butyrate
	0.86 (t); 1.05 (d); 1.38 (m); 1.5 (m); 2.21 (m)

	2
	Butyrate
	0.90 (t); 1.56 (t); 2.16 (t)

	3
	Isoleucine
	0.94 (t); 1.02 (d); 1.27 (m)

	4
	Leucine
	0.96 (d); 0.97 (d); 1.71 (m)

	5
	Propionate
	1.06 (t); 2.19 (m)

	6
	Valine
	0.99 (d); 1.05 (d); 2.30 (m)

	7
	Ethanol
	1.18 (t); 3.66 (q)

	8
	Lactate
	1.33 (d); 4.11 (q)

	9
	Caprylate
	0.85 (t); 1.27 (m); 1.53 (m); 2.16 (t)

	10
	Valerate
	0.88 (t); 1.31 (m); 1.54 (m); 2.18 (m)

	11
	Alanine
	1.48 (d); 3.78 (q)

	12
	Lysine
	1.40 (m); 1.70 (m); 3.03 (t); 3.72 (t)

	13
	Thymine
	1.87 (s); 7.39 (s)

	14
	Acetate
	1.92 (s)

	15
	N6-acetyllysine
	1.96 (s)

	16
	N-acetylglutamate
	2.02 (s); 2.05 (m); 4.10 (m)

	17
	N-acetylcysteine
	2.08 (s); 2.94 (m); 4.39 (m)

	18
	Proline
	1.98 (m); 2.06 (m); 2.34 (m), 3.32 (dt); 3.34 (m)

	19
	Succinate
	2.41 (s)

	20
	Glutamate
	2.14 (m); 2.46 (m); 3.78 (m)

	21
	Methionine
	2.14 (s); 2.15 (m); 2.63 (t); 3.85 (dd)

	22
	3-Phenylpropionate
	2.87 (t); 2.47 (t); 7.26 (t); 7.32 (d); 7.36 (t)

	23
	Aspartate
	2.69 (dd); 2.82 (dd); 3.91 (dd)

	24
	Malonate
	3.11 (s)

	25
	Glycerophosphocholine
	3.20 (s); 4.32 (m)

	26
	Hypotaurine
	2.66 (t); 3.37 (s)

	27
	Glycine
	3.57 (s)

	28
	Glycerol
	3.64 (m); 3.78 (m)

	29
	-glucose
	3.40 (t); 3.53 (dd); 3.71 (t); 3.73 (dd); 3.83 (m); 
5.24 (d)

	30
	Urocanate
	6.38 (d); 7.27 (d); 7.87 (s)

	31
	Fumarate
	6.53 (s)

	32
	4-Hydroxyphenylacetate
	6.79 (d); 6.8 (s); 6.86 (d); 7.26 (t)

	33
	p-cresol
	2.25 (s); 6.87 (m); 7.18 (d)

	34
	Tyrosine
	6.91 (d); 7.20 (d)

	35
	4-Hydroxyphenyllactate
	6.86 (d); 7.19 (d)

	36
	Phenylalanine
	3.54 (s); 7.31 (m); 7.37 (m)

	37
	Uracil
	5.81 (d); 7.54 (d)

	38
	4-Hydroxybenzoate
	6.92 (d); 7.81 (d)

	39
	Nicotinate
	7.56 (dd); 8.28 (m); 8.66 (dd); 8.94 (d)

	40
	Formate
	8.46 (s)

	41
	3-Hydroxyisovalerate
	1.26 (s); 2.35 (s)

	42
	Pyruvate
	2.38 (s)

	43
	Acetoacetate
	2.27 (s); 3.43 (s)

	44
	Methanol
	3.34 (s)

	45
	2-Oxoglutarate
	2.43 (t); 3.0 (t)

	46
	Hypoxanthine
	8.17 (s); 8.2 (s)

	47
	Isobutyrate
	1.13 (d); 2.4 (m)

	48
	Unknown 1
	9.2 (d)

	49
	Unknown 2
	2.68 (m)

	50
	-xylose
	4.58 (d)

	51
	-arabinose
	4.52 (d)

	52
	-glucose
	4.65 (d)

	53
	-xylose
	5.2 (d)





S-1

Table S3 Summary of the altered metabolites of crude fecal extracts under various storage conditions and durations. ↑ or ↓ represent higher or lower concentrations of the metabolites in each condition described in the 1st row in contrast to the controls. Key: BCAAs, branched-chain amino acids; SCFAs, short-chain fatty acids; TCA, tricarboxylic acid. *, **, *** and **** indicate significant differences between control crude fecal extract and each of the storage conditions at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively, whereas +, ++, +++ and ++++ indicate significant differences from the specified models at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively (two-tailed heteroscedastic t-test).
	Crude Fecal Extract
	 vs.
	RT1h
	RT5h
	RT10h
	RT24h
	FG1h
	FG5h
	FG10h
	FG24h
	FZ1h
	FZ5h
	FZ10h
	FZ24h
	FG24h_RT5h
	FZ24h_RT5h
	FG24hRT5h vs. FZ24hRT5h
	FG24h vs. FG24hRT5
	FZ24h vs. FZ24hRT5h

	
	R2X

	0.16
	0.19
	0.19
	0.27
	0.11
	0.16
	0.18
	0.24
	0.29
	0.28
	0.24
	0.29
	0.28
	0.41
	0.32
	0.2
	0.36

	
	Q2Y

	0.47
	0.79
	0.81
	0.93
	0.26
	0.61
	0.63
	0.84
	0.56
	0.67
	0.62
	0.74
	0.85
	0.85
	0.76
	0.71
	0.87

	
	CV-ANOVA p
	1.5 x10-3
	2.2 x10-7
	1.1 x10-8
	4.9 x10-14
	0.1
	3.5 x10-4
	3.6 x10-5
	3.1 x10-9
	2.8 x10-4
	9.4 x10-6
	3.6 x10-5
	4.7 x10-7
	7.7 x10-10
	6.4 x10-10
	0.83 x10-7
	1.8 x10-6
	1.5 x10-10

	SCFAs
	acetate
	
***
	
****
	
****
	
****
	
	
	
****
	
****
	
	
	
***
	
***
	
****
	
	
++++
	
	

	
	butyrate
	
	
****
	
****
	
****
	
	
	
	
	
	
	
	
	
	
**
	
	
	

	
	propionate
	
	
****
	
****
	
****
	
	
	
	
***
	
**
	
**
	
**
	
**
	
***
	
**
	
++++
	
	

	
	valerate
	
**
	
***
	
**
	
***
	
	
	
	
	
	
	
	
	
	
*
	
+++
	
	

	TCA cycle
	succinate
	
*
	
	
	
	
	
	
	
	
	
	
	
	
**
	
	
++++
	
	

	
	fumarate
	
***
	
***
	
***
	
****
	
	
**
	
	
	
***
	
***
	
****
	
***
	
	
***
	
++++
	
	

	
	pyruvate
	
	
	
	
	
	
	
	
***
	
	
	
	
	
	
	
	
	

	Amino acids
	glutamate
	
	
****
	
****
	
****
	
	
	
	
	
	
	
*
	
	
	
	
	
	

	
	tyrosine
	
	
	
	
	
	
	
	
	
	
	
*
	
*
	
**
	
****
	
++++
	
++++
	
++++

	
	phenylalanine
	
	
**
	
**
	
**
	
	
	
	
	
	
	
	
	
**
	
****
	
	
	
++++

	
	glycine
	
	
	
	
	
	
	
	
	
	
	
	
	
****

	
	
	
	

	
	alanine
	
	
	
	
***
	
	
	
	
**
	
	
	
	
	
****
	
****
	
	
***
	
++++


	
	methionine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
****
	
++++
	
	

	
	lysine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
++++

	
	aspartate
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
++++
	
	

	
	N6-acetyllysine
	
	
	
	
	
	
	
***
	
****
	
	
	
	
	
	
	
	
	
+++

	BCAAs
	leucine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
****
	
++++
	
++++
	
++++

	
	isoleucine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
****
	
++++
	
+++
	
++++

	
	valine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
****
	
++++
	
+++
	
++++

	B-vitamin
	nicotinate
	
	
	
	
	
	
	
	
	
****
	
****
	
****
	
****
	
	
****
	
++++
	
	

	Nucleobases
	uracil
	
	
	
	
	
	
	
	
	
	
	
	
	
	
***
	
+++
	
+++
	
+++

	Alpha hydroxy acid
	lactate
	
	
	
	
	
	
	
	
	
	
	
	
	
***
	
	
	
++
	

	Beta-keto acids
	acetoacetate
	
	
	
	
	
	
***
	
****
	
****
	
	
	
	
	
	
	
+
	
	

	Alcohol
	methanol
	
	
	
	
	
	
	
	
***
	
	
	
	
	
	
	
	
	

	monosaccharide
	-xylose
	
	
	
	
	
	
****
	
***
	
	
	
	
	
	
	
	
	
	
++++

	
	-arabinose
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	-glucose
	
	
	
	
	
	
	
	
	
**
	
****
	
**
	
****
	
	
***
	
	
	
++

	
	-glucose
	
	
	
	
	
	
	
**
	
***
	
***
	
****
	
****
	
****
	
	
***
	
	
	
++

	
	-xylose
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




 

Table S4 Summary of the altered metabolite concentrations in fecal water under various storage conditions and durations. ↑ or ↓ represent higher or lower concentrations of the metabolites in each condition described in the 1st row relative to the controls. Key: BCAAs, branched-chain amino acids; MCFAs, medium-chain fatty acids; SCFAs, short-chain fatty acids; TCA, tricarboxylic acid. *, **, *** and **** indicate significant differences at p<0.05, p<0.01, p<0.001 and p<0.0001, respectively (two-tailed heteroscedastic t-test).

	
	Control Fecal Water vs.
	RT1h
	RT5h
	RT10h
	RT24h
	FG1h
	FG5h
	FG10h
	FG24h
	FZ1h
	FZ5h
	FZ10h
	FZ24h
	FT2
	FT3
	FT2 vs. FT3

	
	R2X
	0.16
	16
	0.15
	0.2
	0.22
	0.19
	0.17
	0.17
	0.16
	0.21
	0.19
	0.19
	0.17
	0.2
	0.17

	
	Q2Y
	0.24
	0.4
	0.55
	0.83
	-0.45
	0.08
	0.12
	0.39
	-0.47
	-0.18
	-0.15
	-0.1
	0.38
	0.36
	-0.24

	
	CV-ANOVA p 
	0.12
	0.01
	3.3
x10-4
	3.3
x10-9
	1
	0.7
	0.46
	0.01
	1
	1
	1
	1
	0.02
	0.02
	1

	SCFAs
	propionate
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	isobutyrate
	
	
**
	
**
	
**
	
	
	
	
	
	
	
	
	
	
	

	
	formate
	
	
*
	
**
	
	
	
	
	
	
	
	
	
	
	
	

	MCFAs
	caprylate
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TCA cycle
	2-oxoglutarate
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	pyruvate
	
	
	
*
	
	
	
	
	
	
	
	
	
	
	
	

	Amino acids
	phenylalanine
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	alanine
	
	
	
	
	
	
	
	
	
	
	
	
	
**
	
**
	

	
	lysine
	
	
	
	
	
	
	
	
	
	
	
	
	
**
	
**
	

	
	N6-acetyllysine
	
	
*
	
**
	
****
	
	
	
	
**
	
	
	
	
	
	
**
	

	BCAAs
	valine
	
	
	
	
	
	
	
	
**
	
	
	
	
	
	
	

	
	leucine
	
	
	
	
	
	
	
	
	
	
	
	
	
*
	
	

	
	isoleucine
	
	
	
	
	
	
	
	
	
	
	
	
	
**
	
*
	

	Nucleobases
	uracil
	
	
	
	
	
	
	
	
	
	
	
	
	
*
	
*
	

	Unknowns
	UN1- 9.2(d)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	UN2- 2.68(m)
	
	
	
	
	
	
	
	
	
	
	
	
	
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