Supplemental Figure 1: CONSORT diagram of participant flow for the high red meat and HAMSB randomised cross-over trial. HRM: high red meat intervention; HRM+HAMSB: high red meat and butyrylated high amylose maize starch intervention.  
[image: ]


Supplemental Figure 2.  Effect of diet and diet order on O6MeG adduct load in the rectal crypts. (A) Effect when individuals consumed the HRM treatment after entry. (B) Effect when the individuals consumed the HRM+HAMSB intervention after entry.  Values with different superscript letters differ, P<0.05. P-values obtained from a Linear Mixed-Effects Model; HRM: high red meat; HRM+HAMSB: high red meat and butyrylated high amylose maize starch.  
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Supplemental Figure 3.  Effect of diet and diet order on proliferation cell nuclear antigen (PCNA) labelled cells in the rectal crypts. (A) Effect when individuals consumed the HRM treatment after entry. (B) Effect when the individuals consumed the HRM+HAMSB treatment after entry. Bars (means ± SEM) in a row without a common superscript letter are significantly different (P < 0.05; Bonferroni adjusted P-values obtained from a Linear Mixed-Effects Model) 
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Supplemental Figure 4.  Light microscope images (20 x optical zoom) of human rectal crypts showing O6MeG staining intensity from each treatment phase taken from one individual. (A) Representative section from Entry group,  (B) representative section from HRM treatment, (C) representative section from washout phase, (D) representative section from HRM+HAMSB treatment; HRM: high red meat intervention; HRM+HAMSB: high red meat and butyrylated high amylose maize starch intervention.  
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Supplemental Table 1:  Dietary intake of study participants during each diet period, based on three-day weighed food records1 
	
	Entry
	HRM
	Washout 
	HRM+HAMSB

	Energy (kJ/d)
	8835 ± 387
	9167 ± 389
	8781 ± 384
	9116 ± 391

	Protein (g/d)
	93 ± 5a
	124 ± 4b 
	90 ± 5a
	119 ± 5b

	Fat (g/d)
	73 ± 5
	77 ± 5
	77 ± 5
	68 ± 5

	Saturated fat (g/d)
	27 ± 3
	32 ± 3
	28 ± 2
	30 ± 3

	Carbohydrate (g/d)
	234 ± 15
	218 ± 12
	222 ± 14
	241 ± 12

	Sugar (g/d)
	117 ± 9
	122 ± 8
	106± 9
	123 ± 8

	Starch (g/d)
	116 ± 8b
	93 ± 10a
	114 ± 10b
	116 ± 7b

	Fibre (g/d)
	26 ± 2b
	20 ± 2a
	25 ± 2b
	26 ± 2b

	Alcohol (g/d)
	15 ± 3
	14 ± 4
	16 ± 5
	14 ± 3

	Total Iron (mg/d)
	14.1 ± 1.0
	16.3 ± 1.0
	12.5 ± 0.9
	15.6 ±  1.2

	Iron from meat (mg/d)
	3.2 ± 0.8a
	7.1± 0.9b
	3.3 ± 0.6a
	7.1 ± 0.5b

	Iron from non-meat (mg/d)
	10.9 ± 0.6
	9.3 ± 0.8
	9.3 ± 1.2
	8.6 ± 1.6


1 Values (means ± SEM), rows in a row without a common superscript letter are significantly different (P < 0.05).


Supplemental Table 2:  Effect of dietary intervention on stool biochemistry1
	
	Entry
	HRM
	Washout
	HRM + HAMSB

	Faecal output (g/d)
	244 ± 33
	241 ± 30
	280 ± 32
	309± 30

	Faecal pH
	7.1 ± 0.1
	7.2 ± 0.1
	7.2 ± 0.1
	7.0 ± 0.1

	Acetate (µmol/g)
	45 ± 3.7a
	51.0 ± 4.1ab
	49± 4.2ab
	57 ± 4.6b

	Propionate (µmol/g)
	14 ± 1.2a 
	15 ± 1.5a
	15 ± 1.6a
	20 ± 1.5b

	Butyrate (µmol/g)
	13 ± 1.6a
	14 ± 1.9a
	14 ±1.7a
	21 ± 2.7b

	Total SCFA (µmol/g)
	80 ± 6.4a
	88 ± 7.5a
	86 ±7.2a
	106 ± 8.3b

	BCFA
	4.1± 0.3ab
	4.5 ± 0.4b
	3.8 ± 0.3a
	3.7 ± 0.3a

	Phenol (µg/g)
	1.3 ± 0.4bc
	2.0 ± 1.2ab
	1.4 ± 0.4c
	1.3 ± 0.6a

	p-Cresol (µg/g)
	73 ± 7b
	67 ± 5b
	58 ± 6ab
	50 ± 6a

	Ammonia (µmol/g)
	19 ± 1.3b
	15 ± 1.0a
	16 ± 1.3ab
	16 ± 1.0ab

	NOC (µg/l NNO)
	497 ± 85
	429± 51
	472 ± 47
	369± 36


1 Values (means ± SEM) in a row without a common superscript letter are significantly different (P < 0.05; Bonferroni adjusted P-values obtained from a Linear Mixed-Effects Model). 
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Supplemental Table 3. Abundances (per g of stool) of species and groups of bacteria as enumerated using QPCR.
	
	Abundance (per g of stool)

	
	Entry
	HRM
	Washout
	HRM+HAMSB

	
	Mean
	SEM
	Mean
	SEM
	Mean
	SEM
	Mean
	SEM

	Total Bacteria
	3.88x109ab
	0.49x109
	4.08x109ab
	0.44x109
	3.32x109a
	0.49x109
	4.93x109b
	0.52x109

	A.muciniphila
	5.14x107
	2.80x107
	5.41x107
	2.38x107
	2.55x107
	0.86x107
	3.48x107
	1.31x107

	SRB_aps
	5.61x106
	1.62x106
	8.82x106
	3.15x106
	5.75x106
	2.80x106
	6.94x106
	2.15x106

	Bacteroides-Prevotella
	3.87x108ab
	0.92x108
	4.67x108ab
	1.15x108
	3.30x108a
	1.19x108
	5.27x108b
	0.96x108

	P.distasonis
	1.12x107b
	0.40x107
	1.41x107b
	0.63x107
	2.05x106a
	0.64x106
	1.74x108c
	0.53x108

	B.fragilis group
	1.56x108ab
	0.33x108
	1.99x108ab
	0.54x108
	9.85x107a
	2.79x107
	2.20x108b
	0.44x108

	Bifidobacterium spp.
	2.09x107ab
	0.42x107
	3.02x107ab
	1.04x107
	2.37x107a
	0.62x107
	3.75x107b
	1.09x107

	Clostridium cluster I
	2.92x106
	0.76x106
	3.97x106
	0.98x106
	3.86x106
	1.46x106
	4.30x106
	1.11x106

	C.coccoides group
	5.74x108ab
	0.71x108
	5.87x108ab
	0.71x108
	4.67x108a
	0.66x108
	7.24x108b
	0.66x108

	C.leptum group
	5.18x108ab
	0.69x108
	6.56x108ab
	1.11x108
	4.78x108a
	0.88x108
	8.18x108b
	1.11x108

	E.coli
	1.36x108
	1.14x108
	1.13x108
	0.78x108
	2.00x108
	1.62x108
	1.01x108
	0.91x108

	E.faecium
	1.04x108
	1.06x108
	3.04x105
	1.40x105
	2.06x106
	1.96x106
	2.41x106
	2.03x106

	Enterococcus spp.
	1.59x108c
	1.56x108
	2.02x106ab
	0.58x106
	1.18x106a
	0.43x106
	8.13x106bc
	2.92x106

	F.prausnitzii
	3.46x108
	0.63x108
	4.25x108
	0.85x108
	3.32x108
	0.70x108
	4.55x108
	0.78x108

	Lactobacillus spp.
	2.81x106
	2.08x106
	1.87x106
	0.94x106
	1.06x106
	0.39x106
	3.43x106
	1.60x106

	Prevotella
	6.91x107
	4.62x107
	8.24x107
	5.41x107
	1.36x108
	1.00x108
	6.86x107
	3.85x107

	R.bromii
	1.41x107a
	0.56x107
	8.71x106a
	2.52x106
	7.53x106a
	2.38x106
	2.71x107b
	0.65x107

	R.gnavus
	9.90x106
	2.26x106
	1.65x107
	0.52x107
	1.92x107
	0.84x107
	8.57x106
	2.17x106

	Roseburia spp.
	4.35x108
	0.76x108
	4.40x108
	0.88x108
	4.18x108
	0.68x108
	4.30x108
	0.54x108

	R.torques
	2.21x107
	0.73x107
	1.87x107
	0.47x107
	1.35x107
	0.39x107
	8.67x106
	2.35x106


Data are presented as the mean and standard error of the mean (SEM). Means in a row without a common superscript letter are significantly different (P < 0.05; Bonferroni adjusted P-values obtained from a Linear Mixed-Effects Model).

Supplemental Table 4.  Relative microbial abundances (as a percentage of total stool bacteria).   
[image: ] 
Data are presented as the mean and standard error of the mean (SEM). Means in a row without a common superscript letter are significantly different (P < 0.05; Bonferroni adjusted P-values obtained from a Linear Mixed-Effects Model).
Supplementary Table 5: Quantitative real-time PCR primers and their amplification conditions.

	Target
	Primers
	Sequence (5’-3’)
	Conc. (nM)
	Annealing
	Reference

	
	
	
	
	Temp (°C)
	Time (Sec.)
	

	Akkermansia muciniphila
	AM1
AM2
	CAGCACGTGAAGGTGGGGAC
CCTTGCGGTTGGCTTCAGAT
	350
	63
	30
	(1)

	Bifidobacterium spp.
	Bif-F
Bif-R
	TCGCGTC(C/T)GGTGTGAAAG
CCACATCCAGC(A/G)TCCAC
	600
	56
	20
	(2)

	Clostridium coccoides group
	g-Ccoc-F
g-Ccoc-R
	AAATGACGGTACCTGACTAA
CTTTGAGTTTCATTCTTGCGAA
	500
	60
	20
	(3)

	Clostridium leptum group
	sg-Clept-F
sg-Clept-R
	CTTTGAGTTTCATTCTTGCGAA
GCACAAGCAGTGGAGT
	500
	56
	20
	(3)

	SRB1_aps2
	APS3F
APS2R
	TGGCAGATCATGWTYAAYGG
GGGCCGTAACCRTCYTTRAA
	400
	56
	30
	(4)

	Clostridium cluster I
	C.clu F
C.clu R
	TACCHRAGGAGGAAGCCAC
GTTCTTCCTAATCTCTACGCAT
	500
	63
	20
	(5)

	Enterocuccus spp.
	Entero F
Entero R
	CCCTTATTGTTAGTTGCCATCATT
ACTCGTTGTACTTCCCATTGT
	600
	59
	15
	(6)

	Escherichia coli
	E.coli F
E.coli R
	CATGCCGCGTGTATGAAGAA
CGGGTAACGTCAATGAGCAAA
	300
	60
	20
	(7)

	Ruminococcus bromii
	He-10F
He-10R
	GGTCTTGACATCCAACTAACGAAGT
TTTTGTCAACGGCAGTCCTAT
	500
	60
	30
	(8)

	Enterococcus faecium
	Efm07
Efm08
	AAGTCGAACGCTTCTTTTTCCA
CCAAGTGTTATCCCCTTCTGATG
	500
	62
	30
	(9)

	Ruminococcus gnavus
	RgnaF
RgnaR
	GGACTGCATTTGGAACTGTCAG
AACGTCAGTCATCGTCCAGAAAG
	500
	58
	20
	(10)

	Ruminococcus torques
	RtorF
RtorR
	GCTTAGATTCTTCGGATGAAGAGGA
AGTTTTTACCCCCGCACCA
	500
	58
	40
	(10)

	Bacteroides-Prevotella group
	Bac-preF
Bac-preR
	CTGAACCAGCCAAGTAGCG
CCGCAAACTTTCACAACTGACTTA
	700
	58
	45
	(11)

	Bacteroides fragilis group
	Bfr-F
Bfr-R
	CTGAACCAGCCAAGTAGCG
CCGCAAACTTTCACAACTGACTTA
	500
	56
	20
	(12)

	Faecalibacterium prausnitzii
	FPR-1F
FPR-2R
	AGATGGCCTCGCGTCCGA
CCGAAGACCTTCTTCCTCC
	500
	60
	20
	(13)

	Lactobacillus group
	Lacto-F
Lacto-R
	AGCAGTAGGGAATCTTCCA
CACCGCTACACATGGAG
	600
	56
	20
	(14, 15)

	Prevotella spp.
	PreF
PreR
	CACCAAGGCGACGATCA
GGATAACGCCYGGACCT
	700
	56
	45
	(16)

	Parabacteroides distasonis
	BdisF
BdisR
	TGATCCCTTGTGCTGCT
ATCCCCCTCATTCGGA
	400
	60
	20
	(12)

	Roseburia spp.
	RosF
RosR
	TACTGCATTGGAAACTGTCG
CGGCACCGAAGAGCAAT
	700
	58
	45
	(16)

	Total bacteria*
	338F
518R
	ACTCCTACGGGAGGCAGCAG
ATTACCGCGGCTGCTGG
	500
	53
	15
	(17)


* 3 step PCR with a 72˚C step for 20 s.
1Sulfate-reducing bacteria, 2Adenosine-5-phosphosulfate reductase gene
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 % of total bacteria  

 Entry  HRM  Washout  HRM+HAMSB  

 Mean  SEM  Mean  SEM  Mean  SEM  Mean  SEM  

A.muciniphila  1. 05  0.42  1.42  0.70  0.90  0.31  0.55  0.15  

SRB_ aps  0.12  0.03  0.16  0.05  0.12  0.04  0.14  0.05  

Bacteroides - Prevotella  9.21  2.27  11.58  3.58  7.80  1.91  10.40  1.80  

P.distasonis  0.31 b  0.12  0.42 ab  0.26  0.07 a  0.03  3.14 c  1.01  

B.fragilis   group  4.46 ab  1.40  5.37 ab  2.04  2. 75 a  0.84  4.51 b  1.02  

Bifidobacterium  spp.  0.58  0.11  0.69  0.19  0.68  0.17  0.85  0.31  

Clostridium   cluster I  0.09  0.02  0.13  0.05  0.17  0.09  0.11  0.04  

C.coccoides   group  15.53  0.87  14.56  1.17  15.35  1.61  15.49  0.94  

C.leptum   group  14.02  1.27  14.36  1.44  12.58  1.30  15.98  1.36  

E.coli  2.39 b  1.63  3.64 ab  2.94  4.23 b  2.33  1.66 a  1.36  

E.faecium  1.78  1.81  0.01  0.00  0.22  0.22  0.09  0.08  

Enterococcus   spp.  2.83  2.66  0.05  0.01  0.06  0.04  0.19  0.10  

F.prausnitzii  8.16  1.17  8.57  1.28  8.31  1.32  8.36  1.29  

Lactobacillu s spp.  0.06  0 .04  0.05  0.02  0.05  0.01  0.07  0.03  

Prevotella  1.10  0.70  1.67  1.12  2.32  1.37  1.39  0.67  

R.bromii  0.39 ab  0.10  0.27 a  0.08  0.24 ab  0.05  0.68 b  0.18  

R.gnavus  0.39 ab  0.10  0.65 b  0.26  1.56 b  1.03  0.22 a  0.07  

Roseburia   spp.  12.25  1.98  11.37  2.02  13.97  2.49  9.41  1.11  

R.torques  1.04 b  0.40  0.67 ab  0.21  0.53 ab  0.17  0.26 a  0.07  
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