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Supplementary Materials and Methods 17 

Quantitative PCR 18 

Seven bacterial groups were quantified with selected bacteria used as representative standards for 19 
each group (Table S1). All isolates were grown anaerobically at 37°C overnight using Hungate tubes 20 
sealed with butyl rubber stoppers unless otherwise stated. All media were obtained from Oxoid 21 
(Adelaide, Australia), unless otherwise stated. Lactobacillus reuteri (DPC 16) was grown in de Man-22 
Rogosa-Sharpe (MRS) broth; Bifidobacterium bifidum (DSM 20082) was grown in MRS broth 23 
supplemented with 0.05% (w/v) L-cysteine hydrochloride (Sigma-Aldrich); Lachnospira multipara 24 
(ATCC 19207) was grown in RM02 medium supplemented with filtered rumen fluid [1]; Bacteroides 25 
fragilis (ATCC 25285) was grown in Wilkins-Chalgren anaerobe broth supplemented with 0.05% 26 
(w/v) L-cysteine hydrochloride (Sigma-Aldrich) for 2 days; Escherichia coli (Nissle) was grown in 27 
tryptic soy broth (TSB) at 37°C aerobically. Cell density was determined using a Neubauer 28 
hemocytometer and cultures were diluted or concentrated as required to 1 x 108 or 1 x 109 cells/mL. 29 
DNA was then extracted using the MO-BIO PowerSoil®  DNA Isolation Kit as above. Standard curves 30 
were constructed using dilution series of the bacterial strains representative of each group. Samples 31 
and standards were run in triplicate by absolute quantification on the Roche Lightcycler 480 real-time 32 
PCR instrument. Roche SYBR Green I Master Mix (04707516001) detection chemistry was used to 33 
detect double-stranded DNA amplification. Total reaction volume was 20µL, consisting of 10µL SyBr 34 
Green I Master mix, 4µL forward primer (5X concentrated at 2.5µM), 4µL reverse primer (5X 35 
concentrated at 2.5µM) and 2µL DNA template or sterile water (no template control). Each qPCR run 36 
included one activation cycle at 95°C for 5 min, 32–40 run cycles (including the denaturation step at 37 
95°C for 30 s, annealing step as in Table A1 and extension step at 72°C for 1 min), and one melt curve 38 
cycle (60 to 95°C at 0.1°C /s with continuous fluorescence acquisition) followed by a cooling cycle at 39 
40°C. The melt curve Tm calling cycle enabled the differentiation between target product and non-40 
specific double-stranded product such as primer-dimers. 41 
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Table S1. Bacterial groups, standards and qPCR parameters used in this study. 42 

  43 

  44 

Target bacteria Bacterial 

standard 

Primer sequence (5’ → 3’) Annealing 

temperature 

(°C) 

Annealing 

time (s) 

 

Reference 

Total bacteria Escherichia coli 

Nissle 

Fwd: 

TCCTACGGGAGGCAGCAGT 

Rev: 

GGACTACCAGGGTATCTAATCCTGTT 

 

60 

 

60 

 

[2] 

Bifidobacterium 

spp. 

Bifidobacterium 

bifidum 

DSM 20082 

Fwd: 

GGGTGGTAATGCCGGATG 

Rev: 

CCACCGTTACACCGGGAA 

 

66 

45 [3] 

Lactobacillus 

spp. 

Lactobacillus 

reuteri 

DPC16 

Fwd: 

CGATGAGTGCTAGGTGTTGGA 

Rev: 

CAAGATGTCAAGACCTGGTAAG 

60 30 [4] 

Bacteroides-

Prevotella-

Porphyromonas 

Bacteroides 

fragilis 

ATCC 25285 

Fwd: 

GGTGTCGGCTTAAGTGCCAT 

Rev: 

CGGATGTAAGGGCCGTGC 

63 20 [5] 

Escherichia 

coli/Shigella 

spp. 

Escherichia coli 

Nissle 

Fwd: 

GAGTAAAGTTAATACCTTTGCTCATTG 

Rev: 

GAGACTCAAGCTKRCCAGTATCAG 

60 20 [6] 

 

Lachnospiraceae Lachnospira 

multipara 

ATCC 19207 

Fwd: 

GACGGTACCTGACTAAGAAGC 

Rev: 

AGTTTCATTCTTGCGAACGT 

63 30 [7] 



  

Table S2. Composition of the supercritical CO2 hops extract used in this study as determined by High Performance Liquid  45 

Chromatography 46 

 47 

ICE-3; International Calibration Extract 3. 48 

  49 

Sample 

Xantho

humol, 

% 

Cohumul

one, % 

Adhumulone

, % 

Colupulone, 

% 

Lupulone 

+ 

Adlupulo

ne, % 

Total α-acid, % 
Total β-

acid, % 

% α-acid as 

cohumulone 

% β acid 

as 

colupulo

ne 

α-

acid:β-

acid 

ratio 

ICE-3 standard 3 13.88 30.76 13.44 10.84 44.64 24.28 31.09 55.35 1.84 

NZ Hops Pacific 

Gem extract 
0.07 20.03 30.96 20.25 9.2 50.99 29.45 39.29 68.76 1.73 
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Table S3. Relative abundance (%) of gut microbial phyla in response to different hops concentrations (mg) and controls. 51 

Phylum 
Hops 

1.5 

Hops 

7.5 
Hops 15 Hops 75 

Hops 

150 

Hops 

750 
Oil Inulin 

Unsupplemented 

control 

Unassigned 
0.7 ± 

0.05 

0.66 ± 

0.04 

0.72 ± 

0.05 

0.8 ± 

0.06* 

0.75 ± 

0.05 

0.81 ± 

0.07 

0.69 ± 

0.07 

0.62 ± 

0.04 
0.6 ± 0.03 

Actinobacteria 
13.28 ± 

0.89 

12.34 ± 

0.78 

10.86 ± 

0.79* 

9.04 ± 

0.83* 

7.64 ± 

0.68* 

8.58 ± 

0.83* 

13.87 ± 

0.99 

15.4 ± 

1.14 
14.58 ± 0.97 

Bacteroidetes 
18.37 ± 

1.61 

19.66 ± 

1.63 

19.11 ± 

1.85 

10.78 ± 

2.25* 

10.52 ± 

2.2* 

7.51 ± 

2.16* 

21.14 ± 

1.71 

20.93 

± 1.89 
19.16 ± 1.66 

Firmicutes 
55.43 ± 

1.56 

53.68 ± 

1.96 

51.11 ± 

2.47 

49.81 ± 

3.45 

48.1 ± 

3.33 

49.6 ± 

3.47 

54.51 ± 

1.4 

59.17 

± 1.39 
56.54 ± 1.25 

Proteobacteria 
12.04 ± 

2.41 

13.48 ± 

2.88 
18 ± 3.83 

29.32 ± 

5.75 

32.73 ± 

5.65* 

33.19 ± 

5.83* 

9.63 ± 

1.83 

3.76 ± 

0.57* 
8.97 ± 1.53 

Verrucomicrobia 
0.14 ± 

0.02 

0.14 ± 

0.02 

0.16 ± 

0.02 

0.2 ± 

0.03* 

0.21 ± 

0.02* 

0.26 ± 

0.05* 

0.14 ± 

0.02 

0.1 ± 

0.02 
0.12 ± 0.02 

Illumina MiSeq 16S rRNA gene sequencing data displaying phyla that were present at greater than 0.5 % relative abundance in at least one sample. Data are the calculated average 52 
values (n = 3) ± standard error of the mean (SEM) across all time points. * p ≤ 0.05 – Significantly different compared with unsupplemented control as determined by the Mann-53 

Whitney-Wilcoxon test after false discovery rate correction. 54 

55 
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Table S4. Relative abundance of prevalent genera and families in response to different hops concentrations (mg) and controls. 56 

 Hops 

1.5 

Hops 

7.5 
Hops 15 Hops 75 

Hops 

150 

Hops 

750 
Oil Inulin Control 

Unassigned 
0.7 ± 

0.05 

0.66 ± 

0.04 

0.72 ± 

0.05 

0.8 ± 

0.06* 

0.75 ± 

0.05 

0.81 ± 

0.07 

0.69 ± 

0.07 

0.62 ± 

0.04 
0.6 ± 0.03 

Bifidobacterium 
5.77 ± 

0.32 

4.87 ± 

0.29* 

4.29 ± 

0.33* 

4.66 ± 

0.46* 

4.08 ± 

0.36* 

4.62 ± 

0.46* 

5.59 ± 

0.34 

9.56 ± 

0.96* 
6.29 ± 0.4 

Coriobacteriaceae 
0.77 ± 

0.04 

0.68 ± 

0.03* 

0.62 ± 

0.04* 

0.58 ± 

0.06* 

0.53 ± 

0.05* 

0.6 ± 

0.05* 

0.75 ± 

0.04 

0.55 ± 

0.03* 

0.82 ± 

0.05 

Collinsella 
6.41 ± 

0.74 

6.49 ± 

0.72 

5.67 ± 

0.67 

3.48 ± 

0.36* 

2.73 ± 

0.25* 

3.02 ± 

0.29* 

7.21 ± 

0.75 

5.09 ± 

0.32 

7.15 ± 

0.77 

Bacteroides 
11.88 ± 

0.45 

12.57 ± 

0.54 

12.29 ± 

0.78 

5.97 ± 

0.95* 

5.57 ± 

0.91* 

4.1 ± 

0.95* 

13.53 ± 

0.84 

11.1 ± 

0.83 

11.91 ± 

0.62 

Parabacteroides 
1.08 ± 

0.07 

1.28 ± 

0.13 

1.19 ± 

0.1 

0.85 ± 

0.15* 
1.11 ± 0.2 

0.43 ± 

0.08* 

1.28 ± 

0.1 

0.94 ± 

0.06* 

1.26 ± 

0.09 

Prevotella 
4.25 ± 

1.39 

4.68 ± 

1.37 

4.72 ± 

1.47 

3.45 ± 

1.25 

3.31 ± 

1.27 

2.55 ± 

1.19 

4.69 ± 

1.34 

7.84 ± 

1.82 

4.62 ± 

1.27 

Rikenellaceae 
0.6 ± ± 

0.11 

0.5 ± 

0.09 

0.39 ± 

0.03* 

0.2 ± 

0.04* 

0.19 ± 

0.04* 

0.1 ± 

0.03* 

0.88 ± 

0.17 

0.56 ± 

0.08 

0.73 ± 

0.12 

Lactobacillus 
0.45 ± 

0.04 

0.39 ± 

0.04 

0.35 ± 

0.04 

0.47 ± 

0.07 

0.38 ± 

0.05 

0.51 ± 

0.07 

0.44 ± 

0.04 

0.49 ± 

0.05 
0.4 ± 0.04 

Streptococcus 
0.96 ± 

0.07 

0.78 ± 

0.06 

0.78 ± 

0.07 

1.03 ± 

0.12 

0.91 ± 

0.09 

1.12 ± 

0.11 

0.95 ± 

0.06 

0.89 ± 

0.11 

1.01 ± 

0.08 

Clostridiales 
3.45 ± 

0.3 

3.38 ± 

0.3 

3.43 ± 

0.34 

3.34 ± 

0.39 

3.22 ± 

0.44 

3.31 ± 

0.42 

3.32 ± 

0.25 

4.41 ± 

0.13* 

3.53 ± 

0.23 

Clostridiaceae 
1.59 ± 

0.17 

1.67 ± 

0.18 

1.78 ± 

0.17 

2.38 ± 

0.18* 

2.38 ± 

0.17* 

2.59 ± 

0.22* 

1.38 ± 

0.16 

0.97 ± 

0.2* 

1.42 ± 

0.16 

Clostridium 
2.11 ± 

0.61 

0.95 ± 

0.22 

0.38 ± 

0.05* 

0.34 ± 

0.04* 

0.32 ± 

0.04* 

0.36 ± 

0.05* 

1.38 ± 

0.36 

0.23 ± 

0.03* 

1.49 ± 

0.34 

Lachnospiraceae 
10.63 ± 

0.68 

10.2 ± 

0.73 

9.08 ± 

0.73 

7.41 ± 

1.01 

6.43 ± 

1.11* 

7.06 ± 

1.07 

10.98 ± 

0.67 

16.32 ± 

1.34* 

10.56 ± 

0.71 
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Blautia 
9.42 ± 

0.52 

9.36 ± 

0.55 

8.86 ± 

0.56 

6.29 ± 

0.81* 

5.85 ± 

0.74* 

6.58 ± 

0.65* 

9.18 ± 

0.55 

11.6 ± 

0.88 

9.37 ± 

0.53 

Coprococcus 
3.5 ± 

0.38 

2.99 ± 

0.33 

2.54 ± 

0.24* 

1.43 ± 

0.27* 

1.36 ± 

0.29* 

1.48 ± 

0.27* 

3.78 ± 

0.37 

2.48 ± 

0.15* 
4.06 ± 0.4 

Dorea 
1.95 ± 

0.23 

1.77 ± 

0.24 

1.58 ± 

0.2 

0.83 ± 

0.08* 

0.76 ± 

0.08* 

0.91 ± 

0.08* 

2.5 ± 

0.35 

1.58 ± 

0.13 
2.83 ± 0.4 

Lachnospira 
0.97 ± 

0.17 

1.01 ± 

0.16 

1.06 ± 

0.17 

1.21 ± 

0.18 

1.17 ± 

0.17 

1.18 ± 

0.15 

0.88 ± 

0.15 

0.94 ± 

0.16 

0.89 ± 

0.15 

Ruminococcus_L 
0.97 ± 

0.07 

0.98 ± 

0.06 

0.97 ± 

0.07 

0.85 ± 

0.09 

0.81 ± 

0.08 

0.95 ± 

0.08 

0.91 ± 

0.06 

1.62 ± 

0.2* 

0.95 ± 

0.07 

Ruminococcaceae 
5.47 ± 

0.56 

5.67 ± 

0.53 

5.7 ± 

0.53 

5.98 ± 

0.66 

5.61 ± 

0.66 

6.08 ± 

0.66 

5.38 ± 

0.49 

4.18 ± 

0.66 

5.81 ± 

0.42 

Faecalibacterium 
2.87 ± 

0.58 

2.88 ± 

0.55 

3.31 ± 

0.6 

2.91 ± 

0.6 

2.72 ± 

0.62 

2.64 ± 

0.61 

2.82 ± 

0.58 

2.55 ± 

0.55 

2.62 ± 

0.54 

Oscillospira 
0.66 ± 

0.08 

0.64 ± 

0.07 

0.55 ± 

0.08* 

0.45 ± 

0.09* 

0.42 ± 

0.09* 

0.43 ± 

0.09* 

0.73 ± 

0.07 

0.46 ± 

0.07* 

0.87 ± 

0.09 

Ruminococcus_R 
3.88 ± 

0.4 

4.25 ± 

0.38 

4.18 ± 

0.38 

4.42 ± 

0.52 

4.23 ± 

0.53 

4.21 ± 

0.43 

3.6 ± 

0.39 

3.25 ± 

0.48 

3.84 ± 

0.43 

Acidaminococcus 
0.11 ± 

0.02 

0.11 ± 

0.03 

0.1 ± 

0.03 

1.1 ± 

0.54 

1.22 ± 

0.61 

1.07 ± 

0.55 

0.09 ± 

0.02 

0.1 ± 

0.02 
0.1 ± 0.02 

Dialister 
0.69 ± 

0.17 

0.74 ± 

0.19 

0.69 ± 

0.16 

0.65 ± 

0.18 

0.53 ± 

0.16 

0.69 ± 

0.17 

0.64 ± 

0.16 

0.54 ± 

0.16 

0.66 ± 

0.15 

Phascolarctobacterium 
3.62 ± 

0.55 
4 ± 0.67 

4.05 ± 

0.85 

7.17 ± 

1.36 

8.37 ± 

1.68 

6.95 ± 

1.39 

3.25 ± 

0.52 

2.43 ± 

0.32 

3.59 ± 

0.47 

Veillonella 
0.23 ± 

0.04 

0.12 ± 

0.01* 

0.08 ± 

0.01* 

0.13 ± 

0.03* 

0.09 ± 

0.01* 

0.08 ± 

0.01* 

0.27 ± 

0.1 

0.12 ± 

0.02* 
0.4 ± 0.08 

Erysipelotrichaceae 
0.41 ± 

0.04* 

0.43 ± 

0.05 

0.4 ± 

0.05* 

0.25 ± 

0.05* 

0.24 ± 

0.04* 

0.32 ± 

0.05* 

0.53 ± 

0.08 

2.73 ± 

0.44* 

0.61 ± 

0.07 

Eubacterium 
0.07 ± 

0.01* 

0.07 ± 

0.01* 

0.07 ± 

0.01* 

0.05 ± 

0.01* 

0.05 ± 

0.01* 

0.05 ± 

0.01* 

0.1 ± 

0.02 

0.22 ± 

0.04 

0.12 ± 

0.02 

Sutterella 
0.65 ± 

0.12 

0.63 ± 

0.14 

0.52 ± 

0.08 

0.7 ± 

0.14 
0.95 ± 0.2 

0.4 ± 

0.09* 

0.93 ± 

0.14 

0.61 ± 

0.08 

0.84 ± 

0.14 
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Desulfovibrio 0.03 ± 0* 
0.03 ± 

0.01* 
0.02 ± 0* 

0.1 ± 

0.04 

0.08 ± 

0.03 
0.02 ± 0* 

0.04 ± 

0.01 

0.02 ± 

0* 

0.06 ± 

0.01 

Enterobacteriaceae 
11.08 ± 

2.43 

12.5 ± 

2.9 

17.1 ± 

3.81 

28.02 ± 

5.69 

31.2 ± 

5.56* 

32.27 ± 

5.8* 

8.37 ± 

1.81 

2.99 ± 

0.56 
7.8 ± 1.55 

Citrobacter 
0.05 ± 

0.02 

0.07 ± 

0.03 

0.11 ± 

0.05 

0.08 ± 

0.03 

0.05 ± 

0.02 

0.04 ± 

0.02 

0.04 ± 

0.02 
0 ± 0 

0.03 ± 

0.02 

Klebsiella 0 ± 0 0.01 ± 0 
0.01 ± 

0.01 

0.07 ± 

0.04 

0.12 ± 

0.06 

0.17 ± 

0.08 
0 ± 0 0 ± 0 0 ± 0 

Akkermansia 
0.14 ± 

0.02 

0.14 ± 

0.02 

0.16 ± 

0.02 

0.2 ± 

0.03* 

0.21 ± 

0.02* 

0.26 ± 

0.05* 

0.14 ± 

0.02 

0.1 ± 

0.02 

0.12 ± 

0.02 

Illumina MiSeq sequencing data displaying taxa that were present at greater than 0.5% relative abundance in at least one sample. Data are the calculated average values (n = 3) ± 57 
standard error of the mean (SEM) across all time points. * p ≤ 0.05 – Significantly different compared with control as determined by the Mann-Whitney-Wilcoxon test after false 58 

discovery rate correction. 59 

 60 

  61 
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Table S5 Average 16S rRNA gene copies/mL (log transformed) of select bacterial groups in response to different hops concentrations (mg) and controls across all time 62 
points. 63 

Bacterial group Hops 1.5 Hops 7.5 Hops 15 Hops 75 Hops 150 Hops 750 Oil Inulin Control 

Lachnospiraceae 
7.96 ± 

0.05 

7.91 ± 

0.05 

7.77 ± 

0.04* 

7.48 ± 

0.07* 

7.34 ± 

0.10* 

7.33 ± 

0.09* 

8.01 ± 

0.05 

8.25 ± 

0.08 

8.05 ± 

0.05 

Bacteroides-Prevotella- 

Porphyromonas. 

7.81 ± 

0.03 

7.81 ± 

0.03 

7.73 ± 

0.04 

7.24 ± 

0.08* 

7.23 ± 

0.10* 

6.81 ± 

0.14* 
7.9 ± 0.03 

7.92 ± 

0.08 

7.83 ± 

0.03 

Bifidobacteria 
7.44 ± 

0.07 

7.33 ± 

0.05* 

7.19 ± 

0.04* 

7.1 ± 

0.03* 

6.99 ± 

0.06* 

6.96 ± 

0.05* 

7.47 ± 

0.06 

7.82 ± 

0.11 

7.55 ± 

0.07 

Lactobacillus 
7.29 ± 

0.02 

7.19 ± 

0.02* 

7.12 ± 

0.04* 

7.08 ± 

0.04* 

7.01 ± 

0.07* 

6.99 ± 

0.07* 

7.31 ± 

0.02 

7.29 ± 

0.04 

7.33 ± 

0.02 

Escherichia coli 
8.14 ± 

0.22 

8.14 ± 

0.23 

8.21 ± 

0.24 

8.56 ± 

0.29 

8.58 ± 

0.28* 

8.56 ± 

0.28* 

8.09 ± 

0.20 

7.89 ± 

0.17 

8.11 ± 

0.20 

Total bacteria 
9.56 ± 

0.05 

9.52 ± 

0.05 

9.46 ± 

0.05 

9.49 ± 

0.06 

9.42 ± 

0.06* 

9.33 ± 

0.05* 

9.58 ± 

0.05 

9.74 ± 

0.07 

9.61 ± 

0.05 

Quantitative PCR data displaying select bacterial groups. Data are the calculated average values (n = 3) ± standard error of the mean (SEM). * P ≤ 0.05 – Significantly different 64 
compared with the control as determined by the Mann-Whitney-Wilcoxon test after false discovery rate correction. 65 

  66 
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Table S6. Average concentrations (µmol/mL) of principal organic acids in response to different hops concentrations (mg) and controls. 67 

  
Hops 

1.5 

Hops 

7.5 
Hops 15 Hops 75 

Hops 

150 

Hops 

750 
Oil Inulin Control 

Formic acid  
1.81 ± 

0.22 

1.92 ± 

0.22 

2.04 ± 

0.25 

1.96 ± 

0.28 
2.1 ± 0.24 2.22 ± 0.3 

2.02 ± 

0.27 

2.12 ± 

0.32 

1.64 ± 

0.22 

Lactic acid  
0.3 ± 

0.07 

0.28 ± 

0.05 

0.31 ± 

0.05 

0.27 ± 

0.02 

0.22 ± 

0.01 

0.25 ± 

0.01 

0.28 ± 

0.08 

1.15 ± 

0.33 

0.28 ± 

0.08 

Acetic acid  
9.43 ± 

1.83 

7.87 ± 

1.46 

6.9 ± 

1.41 

7.78 ± 

1.77 

6.83 ± 

1.53 

7.07 ± 

1.62 

8.99 ± 

1.58 

24.22 ± 

4.27 

10.11 ± 

1.8 

Propionic acid  
2.6 ± 

0.56 

2.07 ± 

0.49 

1.69 ± 

0.39 

1.52 ± 

0.35 

1.56 ± 

0.37 
1.26 ± 0.3 

2.81 ± 

0.57 

6.18 ± 

1.48 

2.91 ± 

0.58 

Butyric acid  
3.96 ± 

1.3 

2.96 ± 

1.09 

1.53 ± 

0.51 

0.46 ± 

0.16* 

0.14 ± 

0.06* 

0.07 ± 

0.05* 

4.64 ± 

1.51 

13.11 ± 

3.14 
4.9 ± 1.43 

Isobutyric acid  0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 

Isovaleric acid  
0.18 ± 

0.08 

0.07 ± 

0.05 
0 ± 0* 0 ± 0* 0 ± 0* 0 ± 0* 

0.15 ± 

0.09 
0 ± 0* 0.24 ± 0.1 

Valeric acid  
0.13 ± 

0.08 

0.08 ± 

0.06 
0 ± 0* 0 ± 0* 0 ± 0* 0 ± 0* 

0.15 ± 

0.09 

0.15 ± 

0.06 

0.32 ± 

0.12 

Total  
18.41 ± 

3.4 

15.29 ± 

2.82 

12.47 ± 

2.29 

11.99 ± 

2.31 
10.86 ± 2 

10.87 ± 

1.97 

19.04 ± 

3.29 

46.92 ± 

8.61 
20.4 ± 3.5 

HPLC data of organic acids displayed as the calculated average values (n = 3) ± standard error of the mean (SEM) across all time points. * P ≤ 0.05 – Significantly different compared 68 
with control as determined by the Mann-Whitney-Wilcoxon test after false discovery rate correction. 69 

  70 
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