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Disclaimers Disclaimers & disclosures

• The information provided in this webinar is for the use of 
qualified healthcare professionals.

• The information contained in this webinar is in no way to 
be taken as prescriptive or to replace a healthcare 
professional’s duty of care and personalised care 
practices.

• The clinical opinions and patient case studies shared by 
presenters are solely those of the individual presenters 
and do not necessarily represent the view of Co-Biome.
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Learning 
objectives

1. Understand how polyphenols can impact gastrointestinal 
health, the gut microbiome and common clinical 
conditions

2. Learn how gastrointestinal and gut microbiome testing 
can highlight intestinal inflammation and systemic 
inflammation and when to consider clinically

3. Understand the role of dietary and supplemental 
polyphenols in managing intestinal inflammation and 
systemic inflammation 

4. Discover considerations and best practices for prescribing 
polyphenols

5. Review clinical scenarios where polyphenols can support 
patient outcomes
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PART 1

Hannah Naismith

Polyphenols and their 
mechanisms of action
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Polyphenol-rich foods
& supplements

Microbial markets
3-indolepropionic acid (IPA)
Butyrate
Propionate
Trimethylamine (TMA)

Influence on health and disease

Intestinal Cardiovascular Metabolic Immune Brain

Gastrointestinal markers
Calprotectin
Lactoferrin
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What are polyphenols?

They can best be explained by their structure 
“Polyphenols” are compounds containing more than one 
hydroxyl group (-OH) attached to one or more benzene rings1. 

1) Vermerris and Nicholson 2008

“Phenols” contain an 
aromatic benzene ring 
bonded to a hydroxyl 
group. 

Flavonoids

• Grouped based on their structural characteristics (flavonoids, stilbenes, phenolic acids, etc)

Found in fruits, vegetables, tea, 
coffee, chocolate, whole grains, 
nuts, seeds, spices, and more!
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Polyphenols are plant phytochemicals 
BUT not all plant phytochemicals are polyphenols
Phytochemicals: bioactive compounds produced by plants

Note: this diagram does not list all potential phytochemicals! 

Phytochemicals

Alkaloids

Berberine

Caffeine

Glycosides

Cinnamyl 
acetate

Flavonoids

Flavonol

Anthocyanin

Phenolics

Resveratrol

Caffeic acid

Saponins

Soyasaponins

Tannins

Gallic acid

Terpenoids

Lycopene

Beta-carotene

Organosulphur 
compounds

Allicin

Doughari, 2012 
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Types of polyphenols

Aloe vera Pomegranate

Cranberry

Curcumin

Resveratrol

Rosmarinic acid Ellagic acid

Quercetin Proanthocyanidin
(e.g. cyanidin) 

Isoflavones Flavonols

PHENOLIC ACIDS

FLAVONOIDS Anthocyanin

Rutin  (quercetin 
glycoside)

EGCG

Aloe veraBilberry

Pomegranate

Grape seed

Grape seed Cranberry

Flavanols

STILBENES

Grape seed

CURCUMINOIDS

Flavanone

Hesperetin

Catechins
Bilberry

Bilberry Bilberry

Grape skin

Cranberry

Cranberry

Soybeans

This chart is not a complete picture of 
the complexity of polyphenols.

Each food contains a variety of 
polyphenols, and polyphenols can be 
present in a myriad of different foods!

LIGNANS

Naringenin
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Richest sources of polyphenols

• Isoflavones: soybeans

• Flavones: parsley and celery

• Flavanones:
• Naringenin: grapefruit
• Hesperetin: oranges
• Eriodictyol: lemons

• Flavanols: 
• Primary polyphenol in apples
• Catechins: primarily green tea and cocoa. Also, 

apricots and cherries.

• Flavonols: onions, curly kale, leeks, broccoli, and 
blueberries

• Anthocyanin: black elderberries, blackberries 

Gharras, 2009; Rothwell, 2013

Resveratrol: small amount in grapes. Generally low 
quantities in foods.

Flavonoids Stilbenes

Ellagic acid: Kakadu plum, walnuts, raspberries

Phenolic acids

Flaxseeds

Lignans
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Mechanisms of action: anti-inflammatory

Polyphenol Pro-inflammatory Anti-
inflammatory

Curcumin1,2 ↓ CRP, TNF-α, IL-6, IL-8, 
MCP-1

↑ IL-10

Ellagic acid3-5 ↓ CRP, TNF-α, IL-6, MCP-1

Pomegranate6 
(juice)

↓ CRP, IL-6, No diff: TNF-α

Resveratrol7 ↓ CRP, TNF-α, No diff: IL-6

EGCG8,9 ↓TNF-α, No diff: CRP, IL-6

Quercetin ↓ CRP, No diff: TNF-α, IL-6

1Naghsh et al 2023; 2Ferguson et al 2021; 3Ghadimi et al 2020; 4Kazemi et al 2021; 5Rafraf et al 2024; 6Bahari et al 2023; 
7M olani-Gol and Rafraf 2024; 8Haghighatdoost and Hariri 2019; 9Souza et al 2024

Hypothesised action of resveratrol on various immune targets based on in-vitro and 
animal studies. Figure from: De Sá Coutinho et al 2018, doi: 10.3390/ijms19061812 

Human clinical evidence for polyphenol anti-inflammatory properties is limited – based on very small studies with very high 
heterogeneity among studies, and small effect sizes. Larger, well-designed studies are needed to confirm the results listed below. 

Results from human RCTs on the action of polyphenols 
on serum inflammatory markers.

It is hypothesised many polyphenols suppress inflammation by blocking the Nf-kβ inflammatory pathway
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Mechanisms of action: antioxidant

Polyphenol Antioxidant measure Oxidative stress 
measure

Curcumin1,2 ↑ TAC, SOD ↓ MDA

Ellagic acid3-5 ↑ TAC; No diff: SOD ↓ MDA

Pomegranate6 
(juice)

↑ TAC; No diff: SOD ↓ MDA

Resveratrol7 ↑ TAC; No diff: SOD No diff: MDA

EGCG8,9 ↑ TAC Conflicting: MDA

Quercetin10 No diff: TAC No diff: MDA

1Kavyani et al 2024; 2Dehzad et al 2023; 3Hosseini et al 2024; 4M irzaie et al 2022;  5Kazemi et al 2021; 
6Bahari et al 2023; 7Koushki et al 2020; 8Asbaghi et al 2023; 9Rasaei et al 2021; 10Vasmehjani et al 2021

Human clinical evidence for polyphenol antioxidant properties is limited – based on very small studies with very 
high heterogeneity among studies, and small effect sizes. Larger, well-designed studies are needed to confirm the 
results listed below. 

Hypothesised polyphenol antioxidant mechanisms. Figure from: Luo et al 2021, doi: 
10.3390/antiox10020283

Results from human RCTs on the action of polyphenols 
on serum antioxidant markers.

TAC = total antioxidant capacity
SOD = superoxide dismutase

MDA = malondialdehyde 
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Mechanisms of action: antimicrobial

Polyphenol In-vitro Human
Curcumin1-4 ↓Pathogens/pathobionts: Bacillus subtilis, Clostridioides 

difficile, Enterococcus faecalis, Escherichia coli, Helicobacter 
pylori, Klebsiella pneumoniae, Porphyromonas gingivalis, 
Proteus mirabilis, Pseudomonas aeruginosa, Salmonella typhi, 
Staphylococcus aureus, Streptococcus mutans
↓Commensal:
Bifidobacterium pseudocatenulatum,
Lactobacillus acidophilus, Lactobacillus gasseri

Inconclusive

Pomegranate6-8 
(juice)

↓Pathogens/pathobionts: Clostridium perfringens, 
Clostridium ramosum , Staphylococcus aureus
↓Commensal: 
Bifidobacterium bifidum, Lactobacillus acidophilus, 
Lactobacillus pentosus, Lactobacillus rhamnosus

↑Faecalibacterium 
spp.; Other taxa 
inconclusive/ 
conflicting

Resveratrol9-11 ↓Pathogens/pathobionts: Bacillus cereus, Escherichia coli, 
Enterobacter aerogenes, Fusobacterium nucleatum, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Providencia stuartii, 
Salmonella typhimurium, Staphylococcus aureus 

Inconclusive

EGCG12-18 ↓Pathogens/pathobionts: Clostridioides difficile, Clostridium 
paraputrificum, Clostridium perfringens, Escherichia coli, 
Pseudomonas aeruginosa, Vibrio cholerae

↑Bifidobacterium 
spp., Coprococcus spp.
↓Fusobacterium spp.

Quercetin19-22 ↓Pathogens/pathobionts: Escherichia coli, Porphyromonas 
gingivalis, Proteus vulgaris, Pseudomonas aeruginosa, 
Salmonella enterica, Staphylococcus aureus, Streptococcus 
mutans, Streptococcus sanguis
Commensal:
Bacteroides galacturonicus, Lactobacillus acidophilus, 
Ruminococcus gauvreauii

Inconclusive

1Mody et al 2020; 2Zheng et al 2020; 3Gunes et al 2016; 4Jazayeri et al 2009; 5Hussain et al 2022; 6Bialonska et al 2009; 7Sivamani et al 2024; 8González-Sarrías et al. 2018; 9Seukep et al 2016; 10Promgool et al 2014; 
11He et al 2016; 12Siriphap et al 2022;13Jeon et al 2014; 15Ahn et al 1990; 16Morishima et al 2023; 17Yuan et al 2018;18Jin et al 2012; 19Jaisinghani 2017; 20Shu et al 2011; 21Wang et al 2018; 22Duda-Chodak 2012.

Examples of anti-microbial activity of polyphenols

Hypothesised mechanisms used by polyphenols to inhibit bacterial growth. Figure from: Górniak et 
al 2019, doi: 10.1007/s11101-018-9591-z

Human clinical evidence for polyphenol antioxidant properties is limited – based on very small studies with very high heterogeneity 
among studies. Larger, well-designed studies are needed to confirm the results listed below. 

13

PART 2
Hannah Naismith

How gastrointestinal and gut 
microbiome testing can 
inform polyphenol 
prescription
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Gastrointestinal and gut microbiome testing for polyphenol 
prescription in intestinal inflammation

Diego, 32
Ulcerative colitis

Persistent diarrhoea
 Abdominal pain

Weight loss

Candice, 23
Food allergy

Frequent loose stools
Abdominal cramps

Nausea

Peter, 56
Pathogenic infection

Watery diarrhoea
Abdominal pain
Loss of appetite 

Evelyn, 47
Ischaemic colitis

Abdominal pain
Urgency to move bowels

Diarrhoea

Diagnostic gastrointestinal markers to consider: Calprotectin + Lactoferrin
Microbial markers to consider: 3-indolepropionic acid (IPA) 
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Gut microbiome testing for polyphenol prescription in 
systemic inflammation

Adam, 45
Cardiovascular disease

High cholesterol
Fatigue

Overweight

Cathy, 59
Metabolic syndrome

Weight gain
Fatigue

Poor appetite

Nadya, 36
Rheumatoid arthritis

Fatigue
Skin rashes

Digestive discomfort

Mia, 41
Depression

Negative thoughts
Trouble focusing

Mood swings

Microbial markers to consider: Trimethylamine (TMA) + 3-indolepropionic acid (IPA)
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Specific polyphenols can impact systemic inflammation and/or intestinal 
inflammation through the management of specific gastrointestinal health 
and gut microbiome markers
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Gastrointestinal and gut microbiome markers 
that polyphenols have been shown to shift

In
te

st
in

al
 

in
fla

m
m

at
io

n
Sy

st
em

ic
 

in
fla

m
m

at
io

n

Calprotectin

Lactoferrin

Trimethylamine (TMA)

3-indolpropioic acid 
(IPA) 
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Intestinal inflammation and the gut microbiome

Immune activation occurring 
within the gastrointestinal system

Microbial markers can assess the 
potential for the microbiome to 
prevent or exacerbate intestinal 

inflammation

Gastrointestinal health markers 
measure the level of active 

intestinal inflammation

Conditions associated with 
intestinal inflammation:

• Inflammatory bowel 
disease

o Ulcerative colitis
o Crohn’s disease

• Pathogenic infection
• Ischaemic colitis
• Food allergy
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Clinical application of calprotectin

Clinical relevance

Calprotectin is a marker of intestinal 
inflammation.

High levels of calprotectin may be seen in 
patients with inflammatory bowel disease 

(IBD), bacterial diarrhoea, Clostridium 
difficile toxin infection and non-steroidal 

anti-inflammatory drug (NSAID) use.

Referral to a medical specialist is 
recommended, if calprotectin levels are 

high.

Clinical considerations – elevated 
calprotectin levels

• Curcumin to reduce intestinal inflammation 
in patients with ulcerative colitis

• Green tea to reduce intestinal inflammation 

• Aloe vera to reduce intestinal inflammation 

• Omega-3 fatty acid to reduce intestinal 
inflammation in patients with ulcerative 

colitis

• Inulin to reduce faecal calprotectin
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Clinical application of lactoferrin

Clinical relevance

Lactoferrin is a marker of intestinal 
inflammation.

High levels of lactoferrin may be seen in 
patients with inflammatory bowel disease 

(IBD), Clostridium difficile toxin infection and 
bacterial infection.

Referral to a medical specialist is 
recommended, if lactoferrin levels are high.

Clinical considerations – elevated 
lactoferrin levels

• Curcumin to reduce intestinal inflammation 
in patients with ulcerative colitis

• Green tea to reduce intestinal inflammation 

• Aloe vera to reduce intestinal inflammation 

• Omega-3 fatty acid to reduce intestinal 
inflammation in patients with ulcerative 

colitis
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Curcumin

Banerjee, 2021: 50mg bio-
enhanced curcumin twice 
daily for 6 weeks.

Lang, 2015: 1.5g twice 
daily of capsules containing 
95% pure curcumin for 1 
month.

Hanai, 2006: 1g curcumin 
twice daily for 6 months. 

 

Bilberry EGCG

Biedermann, 2013: 

160g/day bilberry 
preparation corresponding 
to 95g dry weight (600g 
fresh fruit, equivalent to 
840mg/day anthocyanins) 
for 6 weeks. 

Zeng, 2022: 1g/day green 
tea extract for 28 days.

Dryden, 2013: 400mg or 
800mg Polyphenon E per 
day in split doses of 200mg 
for 56 days. 

Consideration: Polyphenon E 
has highest incidence of 
adverse effects. 

Aloe vera

Langmead, 2004: 

100 mL aloe vera gel, twice 
per day for 4 weeks. 

Polyphenols as an adjunct treatment in the management of 
intestinal inflammation
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Systemic inflammation and the gut microbiome

Systemic inflammation can be 
detected via elevated markers of 

immune activation within the 
blood

The microbial markers can assess 
the potential for the microbiome 
to prevent or exacerbate systemic 

inflammation

Conditions associated with 
systemic inflammation:

• Autoimmune disease
• Cardiovascular disease
• Metabolic disease
• Mental health disorders
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Clinical Application of TMA

Clinical Relevance

Trimethylamine (TMA) is an 
inflammatory compound produced by 

some gut bacteria when they break 
down choline and carnitine. 

High levels of TMA may be associated 
with systemic inflammation.

Clinical Considerations - High TMA 
Production

• Limit carnitine intake (e.g. 
kangaroo and beef)1

• Resveratrol supplement2

• Choosing lipid-soluble 
supplements3

• Increasing cruciferous vegetable 
intake4

1Wang, 2019; Krishnan, 2022; 2Annunziata, 2019; 3Wilcox, 2021; Cho, 2020; Taesuwan, 2021; 4Cashman, 1999
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TMA is transported to the liver 
where it is oxidized by the enzyme 
FMO3 to TMAO

Gut microbiota produce 
TMA from the breakdown 
of carnitine (or choline)

Higher levels of TMAO in the 
blood is associated with inflammation

Most TMAO is 
excreted by the 
kidneys, but some 
will enter the 
circulation

Trimethylamine → Trimethylamine N-oxide
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Resveratrol supplementation to reduce plasma TMAO [B]

One study in healthy subjects1 and one study in 
overweight/obese subjects2

• Intervention: 300mg resveratrol capsules, 
twice daily for 4 weeks 

• Finding: significantly reduced plasma TMAO 
levels

1Annunziata, 2019a;  2Annunziata, 2019b  
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Clinical application of IPA

Clinical Relevance

3-indolepropionic acid (IPA) is a 
beneficial substance produced by 

some gut bacteria when they break 
down the amino acid tryptophan. 

Low levels of IPA may be associated 
with intestinal and systemic 

inflammation and impaired intestinal 
barrier integrity. 

• Polyphenol-rich diet1

• Mediterranean diet2

• Foods rich in ellagic acid (e.g., 
Kakadu plum, walnuts, raspberries 

and pecans)3

1Peron, 2022 ; 2Zhu, 2020; Lécuyer, 2020; 3Yang, 2020

Clinical Considerations – Low 
IPA Production
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IPA as a marker for inflammation

• Higher levels of plasma IPA are associated 
with lower systemic inflammation as shown by 
a decreased hsCRP

• Decreased plasma IPA levels are associated 
with an increased body mass index.

• Studies in human cell lines and animals 
suggest IPA reduces intestinal inflammation by 
inhibiting immune receptor TLR4 activation, 
and by promoting anti-inflammatory T 
regulatory cell development.

3-indolpropioic acid (IPA) is a beneficial substance produced by some gut bacteria when they 
breakdown the amino acid tryptophan.

28



Polyphenol-rich diet to increase plasma IPA [C] 

8-week intervention with diet consisting of 3 serves per day of polyphenol-rich 
foods (average of 724 mg/day polyphenols) significantly increased plasma IPA 
levels1

• 10g dark chocolate

• 2g cocoa powder
• 150g apple
• 100g apple purée
• 120g berry purée
• 120g blueberry
• 200ml green tea 
• 200ml blood orange juice
• 125ml pomegranate juice

1Peron, 2022 
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PART 3
Hannah Naismith

Polyphenols in the 
diet vs supplements

30



Mediterranean diet (MedDiet) is rich in 
polyphenols

1Pounis, 2015 

The MedDiet one of the more defined diets that is rich in 
polyphenols. 

Classified by a high intake of fruit, vegetables, legumes, nuts, seeds, omega-3 
fish, olive oil, and reduced animal products and processed foods. 

High MedDiet adherence is associated with higher intakes of polyphenols 
such as flavonoids and lignans1.
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Polyphenol-rich diets may reduce systemic inflammation

Several studies with large sample sizes have found negative correlations between 
total daily polyphenol intake and serum CRP levels 1,2,3,4

An inverse correlation has been shown to remain even when controlling for fruit 
and vegetable intake4

1Dryer-Beers, 2024; 2Pounis, 2016; 3Harms, 2019; 4Chun, 2008

Polyphenol intake

Se
ru

m
 C

RP

Polyphenol intake can predict serum CRP independent 
from fruits and vegetable consumption
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Menopausal symptoms reduce with isoflavones from both 
diet and supplements

Prospective cohort studies have shown:

• Frequent consumption of soy products (includes 
soybeans, tempeh and tofu) but not soy milk was 
associated with lower likelihood of reporting hot 
flashes and/or night sweats1

• Hot flashes were significantly inversely associated 
with consumption of soy products in terms of both 
total amount of soy and isoflavone intake2

Dietary soy intake

Meta-analyses have shown:

Reduced frequency and severity of hot flashes 
compared to placebo. Reduced scores of 
menopausal symptom questionnaires3,4

Supplements providing >18.8mg 
genistein (a type of isoflavone) for 
at least 12 weeks were more than 
twice as effective at reducing hot 
flash frequency than lower 
genistein supplements

Isoflavone supplementation

1Dunnerman, 2019; 2Nagata, 2001; 3Oh, 2024; 4Taku, 2012
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Green tea beverage compared to supplements

Total cholesterol and LDL-C reduced in interventions using green 
tea beverage and those using green tea extracts1

Lipid profile

Green tea only lowered fasting blood glucose concentrations in 
subjects prescribed green tea extract, not green tea beverage2

Glycemic control

1Xu, 2020a; 2Xu, 2020b
 

The effect of a green tea intervention may depend on the form of green tea administered
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Pomegranate juice compared to supplements
Fresh juice has a greater effect than extracts at reducing systemic inflammation and blood pressure. The opposite 
is true for improving lipid profile.

Measure Pomegranate form Impact

Systemic 
inflammation

Fresh juice May reduce serum IL-6 at ≤ 200mL/day and serum CRP at  > 200mL/day

Extract May reduce serum CRP
No effect on IL-6 

Lipid profile Fresh juice May increase serum HDL-C                      

No effect on TC, LDL-C or TG

Extract May reduce serum TG at any dose. May reduce serum LDL-C at < 1000mg/d.
May reduce serum TC and increase HDL-C at ≥ 1000mg/d

Blood pressure Fresh juice May reduce systolic blood pressure at any dose, but especially at ≤ 200mL/day 
May reduce diastolic blood pressure but more research needed to confirm dose

Extract May reduce systolic blood pressure at ≥ 1000mg/day 
No effect on diastolic blood pressure

Bahari, 2023a; Bahari, 2023b; Bahari, 2024
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Polyphenol Health effect Dosage Duration Reference

Resveratrol

Max dose: 
150 - 450mg/day 

EFSA, 2016; Edwards, 2011 

May reduce CRP and TNF-a Not dose-dependent Not duration-
dependent

Molani-Gol and Rafraf 
2024

May reduce blood pressure 300mg/day;
600-1000 mg/day

At least 3 months;
2-3 months

Batista-Jorge, 2024

May reduce  LDL-C ≥ 500mg/day ≥ 12 weeks Cao, 2022

May reduce  total cholesterol Not dose-dependent Not duration-
dependent

Cao, 2022

May reduce plasma TMA/TMAO 2 x 300mg 28 days to 8 weeks Annunziata, 2019a; 
Annunziata, 2019b

Ellagic acid

Max dose: 
2 x 500mg/day
(limited number of studies. 2 x 
500mg/day has been used safely for 
12 weeks with no adverse effects)

Hidalgo-Lozada, 2022

May reduce LDL-C ≥ 180mg/day Not duration-
dependent

Wang, 2024

May reduce total triglycerides ≥ 180mg/day ≥ 8 weeks Wang, 2024

May reduce fasting blood glucose ≥ 180mg/day ≥ 8 weeks Wang, 2024

May reduce insulin Not dose-dependent ≥ 8 weeks Wang, 2024

May reduce HOMA-IR Not dose-dependent Not duration-
dependent

Wang, 2024

May reduce CRP 180mg/day;
200mg/day;
2 x 450mg/day

60 days;
8 weeks;
8 weeks

Ghadimi, 2020;
Kazemi, 2021;
Rafraf, 2024

May reduce TNF-a 180mg/day;
200mg/day

60 days;
8 weeks

Ghadimi, 2020;
Kazemi, 2021
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Polyphenol Health effect Dosage Duration Reference

Curcumin

No established safe dose
(based on 2023 TGA report 
on potential hepatic effects)

TGA, 2023

Reduces CRP ≤ 700mg/day;
Not dose-dependent (most 
studies ~500mg)

> 7 weeks;
Greatest effect seen at ~13 
weeks

Naghsh, 2023;
Ferguson, 2021

Reduces IL-6 Not dose-dependent Not duration-dependent Naghsh, 2023;
Ferguson, 2021

May reduce intestinal 
inflammation

2 x 50mg/day (bio-enhanced);
2 x 1.5g/day;
1g/day

6 weeks;
1 month;
6 months

Banerjee, 2021;
Lang, 2015;
Hanai, 2006

May reduce self-reported 
gastrointestinal complaints

500mg/day 4 weeks Lopresti, 2021

Aloe vera

No established safe dose.
Avoid if hydroxyanthracene 
derivatives are present 
(whole leaf extract or aloe 
latex) as evidence of 
genotoxicity.

EFSA, 2018

May reduce IBS symptoms 
(primarily in IBS-D patients)

500mg/day (freeze-dried gel) 4 weeks Hong, 2018;
Ahluwalia, 2021

May reduce intestinal 
inflammation

2 x 100mL/day (aloe gel) 4 weeks Langmead, 2004
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Polyphenol Health effect Dosage Duration Reference

EGCG

Max dose: 
300mg/day
(risk of hepatic and 
gastrointestinal adverse 
effects if exceeded)

Hu, 2018; Dekant, 2017

May reduce TC and LDL-C ~200mg/day EGCG 3 months Bogdanski, 2012; Maron, 
2003; Nantz, 2009

May reduce fasting blood glucose May require > 300mg/day > 12 weeks Xu, 2020b; Zamani, 2023

May reduce intestinal 
inflammation

May require > 300mg/day. Need more 
studies to confirm if necessary.

28 weeks;
56 weeks

Zeng, 2022; 
Dryden, 2013

Isoflavones

Max dose: 
No adverse effects at 
300mg/day for 2 years or 
120mg/day for 3 years

Alekel, 2010; Messina, 2022

Isoflavone supplementation may 
improve symptoms of menopause 
(frequency of hot flashes)

30 to 80mg/day 
Supplements providing >18.8mg genistein for at 
least 12 weeks were  more than twice as 
effective

6 weeks to 12 
months

Oh, 2024;
Taku, 2012

Isoflavone supplementation may 
improve symptoms of menopause 
(severity of hot flashes)

30 to 135mg/day 12 weeks to 
12 months

Oh, 2024;
Taku, 2012

Dietary soy intake may improve 
symptoms of menopause

115.9g/day soy intake;
86g cooked soybeans

N/A;
12 weeks

Nagata, 2001;
Barnard, 2021;
Dunnerman, 2019
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Clinical considerations for polyphenol prescription

o What is the patient's current intake of polyphenols through diet 
and supplements?Intake

o Which individual patient factors could influence absorption and 
bioavailability?Absorption & bioavailability

o Does your patient's unique microbiome aid polyphenol efficacy?Gut microbiome

o Is your patient’s diet, supplements or medication interfering 
with polyphenol absorption and vice versa?Nutrient & drug interaction

o Is your patient at risk of an adverse event from polyphenol 
supplement intake? Safety
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An estimated 90-95% of dietary polyphenols reach the lower gut

Only 5-10% of polyphenols are absorbed, leaving 
a high proportion of polyphenols available for 

interaction with gut microbiota1

Most well-absorbed: 
gallic acid and 

isoflavones, followed 
by catechins, 

flavanones, and 
quercetin glucosides2

Limited bioavailability of native polyphenols 
may correlate with greater prebiotic effects

Least well-absorbed: 
proanthocyanidins, 

galloylated tea 
catechins, and 
anthocyanins2

Acylated anthocyanins (present in purple 
sweet potato or purple carrot) are more 

stable, less absorbable, and may have a higher 
prebiotic effect compared to nonacylated 

anthocyanin (present in berries)3

In 2017, the International Scientific Association for Probiotics and Prebiotics (ISAPP) decided that 
polyphenols should be considered prebiotics4

1Clifford, 2004; 2Manarch, 2005; 3Jokioja, 2021; 4Gibson, 2017
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Bioavailability of polyphenols is complex
Bioavailability of polyphenols is low. Unabsorbed polyphenols are metabolised in different ways, 
including via intestinal microbiota.

Intestinal 
enzymes

Liver

Intestinal 
microbiota

Polyphenols
consumed

METABOLISM Metabolites
Metabolism is just one factor 

affecting bioavailability

Other factors include the food matrix, 
interaction with other nutrients and 

drugs, their chemical structure, 
excretion, and individual variability 

(genetics, age, etc)

Bertelli, 2021
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Polyphenol efficacy (sometimes) depends on the gut microbiome
The breakdown of different polyphenols depends on specific bacterial strains. Although polyphenols provide direct health 
benefits, the complete advantages may be diminished without bacterial conversion to beneficial metabolites.

Note: This is emerging research and not all bacterial strains capable of breaking down polyphenols have been identified!
Polyphenol Major end-products produced Human gut bacteria (identified to date) capable of polyphenol conversion

Isoflavones 
(Daidzein)

Equol: may have anti-cancer properties (in-
vitro, animal), may reduce menopausal 
symptoms (human)

Conversion of daidzein to equol:
Adlercreutzia equolifaciens, CAG-1427 sp000435475, Enteroscipio sp000270285, Hugonella massiliensis [RUG013 
sp00148644], Senegalimassilia faecalis [Senegalimassilia MIC8876], Slackia equolifaciens*, Slackia_A 
isoflavoniconvertens [Slackia_A MIC8451]

Conversion of daidzein to daidzein-intermediates:
Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium longum, Bittarella massiliensis, Collinsela 
aerofaciens, Collinsella massiliensis, Collinsella stercoris, Eggerthella lenta, Enterococcus lactis, Escherichia coli, 
Gordonibacter urolithinfaciens, Slackia exigua

Ellagic acid Urolithin-A: may improve mitochondrial 
function and may be anti-inflammatory (in-
vitro, animal)

Urolithin-B: may be associated with disease 
and dysbiosis (observational human)

Conversion of ellagic acid to Uro-intermediates:
Ellagibacter isourolithinifaciens [Eggerthellaceae MIC8667], Gordonibacter pamelaeae, Gordonibacter urolithinfaciens

Conversion of ellagic acid to Uro-A:
Bifidobacterium pseudocatenulatum INIA P815, Enterococcus_B faecium FUA027,  Lactococcus garvieae 
FUA009, Streptococcus thermophilus FUA329

Conversion of Uro-intermediates to Uro-A and Uro-B:
Enterocloster [Clostridioides] bolteae, Enterocloster [Clostridioides] asparagiformis,  Enterocloster [Clostridioides] citroniae

Quercetin DOPAC (3,4-Dihydroxyphenylacetic acid): may 
have antioxidant properties (in-vitro, animal)

Bacteroides eggerthii, Eubacterium_I ramulus, Flavonifractor plautii, Lachnospira eligens_B

Resveratrol Dihydroresveratrol: may have weak anti-
cancer properties (in vitro, animal)

Adlercreutzia equolifaciens, Adlercreutzia rubneri [Adlercreutzia MIC8014], Bacteroides uniformis, Eggerthella lenta, Slackia 
equolifaciens*

Lunularin: may have anti-cancer properties 
(in-vitro, animal)

No species identified yet
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Benefits of isoflavones may be dependent on the specific type

Studies indicate that equol producers may not have greater reductions in menopausal symptoms compared to 
non-producers1,2, but equol producers may benefit more from the cardiovascular effect of isoflavones3

1Khaodhiar, 2008; 2Crawford, 2013; 3Hazim, 2016; 4Taku, 2012 

Genistein

Daidzein Equol

Greater reduction in menopausal symptoms 

seen with higher doses of genistein, so this 
may be the key compound4

Isoflavones Greater improvement in cardiovascular 
measures seen in equol producers compared 
to non-producers3
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Polyphenols interact with nutrients

Iron

A systematic review and meta-
analysis1 found that polyphenol 

supplementation had an 
inhibitory effect on serum iron 
concentration and transferrin 
saturation. Polyphenols have 

iron-chelating effects, where they 
form complexes with the iron, 

inhibiting its absorption. 

A separate study found 300 mg of 
EGCG significantly reduced iron 

absorption2

Folic acid High-fat foods

300 mg of green tea extract has 
been shown to potentially reduce 

absorption of folic acid 
supplementation3

Compared to a standard 
breakfast, a high-fat breakfast 

delays the absorption and 
reduces the exposure to 

resveratrol4

On the other hand, dietary fat has 
been shown to increase 

quercetin bioavailability5

The intake of polyphenols can affect how our bodies absorb certain nutrients and vice versa

1Xu, 2021; 2Ullman, 2005; 3Alemdaroglu, 2008; 4Porte, 2010; 5Guo, 2013
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The intake of polyphenols can affect how our bodies absorb certain drugs

High inter-individual variability
This may be due to differences in expression or activity levels of drug-metabolising enzymes or genetic 
polymorphisms in genes encoding these enzymes.

CYP enzymes are responsible for 
the metabolism of most drugs. 

Resveratrol has been shown to 
inhibit CYP2C9. This enzyme 
contributes to the metabolism of 
warfarin. Inadequate metabolism 
leads to increased plasma levels 
of the drug, enhancing its 
anticoagulant effect. 

Modulating cytochrome 
P450 (CYP) enzymes

Expressed in protective barriers (e.g. intestine, kidneys and liver). Efflux 
transporters mediate drug excretion from cells whereas influx 

transporters mediate drug uptake into cells. 

Ellagic acid inhibited P-glycoprotein (removes drug from enterocytes 
back into gut lumen) activity, increasing bioavailability of diltiazem.

Green tea inhibited OATP1A2 (removes drug from gut lumen into 
enterocytes) activity, decreasing bioavailability of rosuvastatin.

Quercetin inhibited OATP1B1 (removes drug from bloodstream into liver 
cells) activity, increasing exposure to pravastatin.

Altering influx (e.g. OATPs) or efflux (e.g. P-glycoprotein and 
BCRP) transporters

CYP3A4: metabolises vast majority of 
drugs, including immunosuppressive 
drugs for transplant patients, HIV 
protease inhibitors, statin drugs, and 
chemotherapeutics.

CYP2D6: metabolises many 
antidepressants, antipsychotics, and 
beta-blockers. Responsible for 
converting tamoxifen to the potent 
anti-estrogen, endoxifen.

CYP2C9: metabolises NSAIDs, COX-2 
inhibitors, oral anticoagulants and 
oral hypoglycemics.

Polyphenols interact with drugs
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Polyphenol Drug Exposure Proposed mechanism Reference

Curcumin Sulfasalazine Increased Inhibited BCRP Kusuhara, 2012

Talinolol Decreased Induced P-gp Juan, 2013

Caffeine, theophylline, clozapine, and acetaminophen 
(not yet assessed)

Increased Inhibited CYP1A2 Chen, 2010

Caffeine, nicotoine and cotinine (not yet assessed) Decreased Induced CYP2A6 Chen, 2010

Resveratrol Warfarin Increased Inhibited BCRP* and CYP2C9 Huang, 2020

Losartan Increased Inhibited CYP2C9 Chow, 2010

Buspirone Increased Inhibited CYP3A4 Chow, 2010

Dextromethorphan Increased Inhibited CYP2D6 Chow, 2010

Caffeine Decreased Induced CYP1A2 Chow, 2010

Isoflavones Theophylline Increased Inhibited CYP1A2 Soyata, 2021

Midazolam Decreased Induced CYP3A4 Soyata, 2021

Celecoxib* Increased Inhibited CYP2C9 Soyata, 2021

Paclitaxel* Increased Inhibited CYP3A4 and P-gp Soyata, 2021

Repaglinide* and omeprazole* Increased Inhibited P-gp Soyata, 2021

Imatinib* and carbamazepine* Decreased Induced CYP3A4 Soyata, 2021

This is not an exhaustive list of potential drug-polyphenol interactions
Drug-polyphenol interactions *Preclinical evidence in animals: clinical experiments are needed to assess these 

drugs when concomitantly administered with this polyphenol

46



Polyphenol Drug Exposure Proposed mechanism Reference

Ellagic acid Metoprolol* Increased Inhibited CYP2D6 Athukuri, 2016

Diltiazem* Increased Inhibited CYP3 and P-gp Athukuri, 2017

Green tea Simvastatin and tacrolimus Increased Inhibited CYP3A4 and P-gp Werba, 2018

Sildenafil Increased Inhibited CYP3A4 Werba, 2018

Buspirone Increased Inhibited CYP3A4 Albassam, 2017

Rosuvastatin and nadolol Decreased Inhibited OATP1A2 or OATP2B1 Werba, 2018

Digoxin Decreased Induced P-gp Kim, 2018

Quercetin Cyclosporine Increased Inhibited CYP3A4 Choi, 2004

Pravastatin Increased Inhibited OATP1B1 Wu, 2012

Fexofenadine Increased Inhibited P-gp Kim, 2009

Talinolol Decreased Induced P-gp Wang, 2013

Midazolam Decreased Induced CYP3A Duan, 2012

Paracetamol* Increased Inhibited P-gp Pingli, 2015

Drug-polyphenol interactions 
(cont.) 

This is not an exhaustive list of potential drug-polyphenol interactions
*Preclinical evidence in animals: clinical experiments are needed to assess these 
drugs when concomitantly administered with this polyphenol
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Polyphenol Max dose Adverse events References
Resveratrol 150 - 450mg/day Generally well-tolerated but GI symptoms, especially diarrhoea, are common (mild up to 

1.5g/day, most common when of at least 2.5g/day). EFSA Panel suggests 150mg/day. 
resVida® is a trans-resveratrol supplement with GRAS status at 450mg/day. 
Caution when taking with warfarin as may increase anticoagulant effects.

EFSA, 2016; 
Edwards, 2011 

Ellagic acid 2 x 500mg/day Limited number of studies. 2 x 500mg/day has been used safely for 12 weeks with no 
adverse effects

Hidalgo-
Lozada, 2022

Curcumin No established safe 
dose

2023 TGA report on potential hepatic effects determined there is no established safe dose. 
There are new TGA label requirements for curcumin products. Liver injury is idiosyncratic; 
therefore, dose cannot predict it.

TGA, 2023

Aloe vera No established safe 
dose.

Avoid if hydroxyanthracene derivatives are present (whole leaf extract or aloe latex) as 
evidence of genotoxicity.

Younes, 2018

EGCG 300mg/day Mild-moderate GI symptoms observed in 400 to 4000mg/day. 
Liver injury can occur when consumed in supplement form but does not appear to occur 
from green tea beverage consumption. Highest incidence from Polyphenon E supplement.

Hu, 2018; 
Dekant, 2017

Isoflavones No adverse effects at 
300mg/day for 2 
years or 120mg/day 
for 3 years

In 2015, the European Food Safety Authority declared soy isoflavones do not adversely 
affect the breast, thyroid, or uterus of postmenopausal women and is in support of their 
safety. However, more research is required on utero isoflavone exposure and the effects of 
isoflavone on thyroid in cases of iodine deficiency.

Alekel, 2010; 
Messina, 2022

Polyphenol safety considerations

And don’t forget about other drug interactions!
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Best practice in polyphenol prescription

• What are their current dietary habits? How can they add more polyphenol-rich foods?

• What polyphenols and at what dosage/duration will help their specific health concerns?

• If the polyphenol should be consumed with food, what type of nutrients should/should 
not be present in the food to maximise benefits?

• Are their current dietary polyphenol habits affecting the absorption of other nutrients, or 
vice versa (e.g. multiple cups of tea per day + iron deficiency)?

• Will a prescribed polyphenol enhance or inhibit their exposure to relevant drugs?

• How is their gut microbiome affecting the metabolism of polyphenols?

• Will any existing health conditions affect polyphenol metabolism (e.g. liver disease)?

• Do they have increased risk factors that may lead to side effects from polyphenols?
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PART 4

Dr Brad Leech

Clinical application 
and case studies
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Clinical application of polyphenols 

Comprehensive 
Patient 

Assessments

Utilise Gut 
Microbiome 

Testing

Educate 
Patients on 
Polyphenol-
Rich Foods

Prescribe 
Targeted 

Polyphenol 
Supplements

Monitor and 
Manage Drug 
Interactions

Incorporate 
Polyphenols in 

Chronic Disease 
Management

•Evaluate patients' 
dietary habits, health 
conditions, and 
medication use.

•Use this information 
to determine the 
need for polyphenol 
intervention and 
tailor 
recommendations.

• Incorporate gut 
microbiome testing to 
assess patients' 
microbiome profiles.

•Use test results to 
personalise 
polyphenol 
prescriptions, 
enhancing efficacy 
and minimising 
adverse effects.

•Encourage patients 
to include a variety of 
polyphenol-rich foods 
in their diets, such as 
fruits, vegetables, 
nuts, seeds, tea, and 
coffee.

•Provide practical 
dietary advice and 
recipes to help 
patients integrate 
these foods into their 
daily meals.

• Identify specific 
health conditions that 
may benefit from 
polyphenol 
supplementation, 
such as IBS, 
cardiovascular 
disease, and 
metabolic disorders.

•Recommend 
appropriate 
polyphenol 
supplements based 
on individual patient 
needs and 
microbiome profiles.

•Be aware of 
potential interactions 
between polyphenols 
and common 
medications.

•Educate patients on 
these interactions and 
adjust medication 
dosages as necessary 
to ensure safety and 
efficacy.

•Use polyphenols as 
part of a 
comprehensive 
treatment plan for 
managing chronic 
diseases.

•Monitor patient 
outcomes and adjust 
polyphenol 
prescriptions based 
on clinical response.
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Clinical recommendations for polyphenols

Eat a Variety of Colourful Vegetables Daily: 
Aim to consume at least 5 different coloured 
vegetables every day (e.g., red peppers, 
green spinach, yellow squash, orange 
carrots, and purple eggplant) to ensure a 
diverse intake of polyphenols.

Incorporate Berries into Your Breakfast: Add 
1/2 cup of mixed berries (blueberries, 
raspberries, blackberries, strawberries) to 
your breakfast at least 5 times a week.

Use Herbs and Spices in Cooking: Include 1 
teaspoon of polyphenol-rich herbs and 
spices (such as cloves, rosemary, thyme, 
ginger, and turmeric) in your meals at least 4 
times a week.

Switch to Extra Virgin Olive Oil: Replace your 
regular cooking oils with extra virgin olive oil 
for all cooking and salad dressings.

Add Nuts and Seeds to meals: Add a handful 
(about 30g) of polyphenol-rich nuts (such as 
hazelnuts, pecans, or almonds) and seeds 
(such as flaxseeds) to one meal daily.

Drink Green Tea: Replace one of your daily 
beverages with a cup of green tea at least 5 
times a week.

Add Cacao to Your Diet: Incorporate 1 
tablespoon of raw cacao powder into your 
diet 3 times a week (e.g., in smoothies, hot 
chocolate, or chia pudding).

Include Flaxseed in Meals: Add 2 
tablespoons of ground flaxseed to your daily 
diet, such as in oats, smoothies, or yogurt.

Follow a Mediterranean Diet: Adopt a 
Mediterranean-style diet, focusing on 
polyphenol-rich foods like fruits, vegetables, 
nuts, seeds, whole grains, and olive oil, for at 
least 30 days.
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Available databases to assess polyphenol intake
USDA flavonoid database 3.3 (last updated in 2018): 
https://doi.org/10.15482/USDA.ADC/1178142

• Composition of 506 foods 
• 26 predominant dietary flavonoids
• Separate databases for isoflavone and proanthocyanidin contents

eBASIS (Bioactive Substances in Food Information Systems, last updated in 2017): 
https://doi.org/10.3390/nu9040320

• Composition of 267 foods
• 794 bioactive compounds (not exclusive to polyphenols) and includes 

health effects from intervention studies
• 1,147 peer-reviewed publications

Phenol-Explorer 3.0 (last updated in 2013): 
https://doi.org/10.1093/database/bat070

• Composition of >100 foods
• 161 polyphenols or groups of polyphenols
• 129 peer-reviewed publications
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Patient case study
CVD prevention

Gastrointestinal – Regular bowel motions, mild stomach pain 
after gluten  

Age – 45 years

Diagnosis – Diverticulosis, high cholesterol 

Dietary – Paleo diet for 5 plus years 

Medication – Atorvastatin 20mg for 22 years

BMI – 26 kg/m2 (overweight)

Systemic - Fatigue

Family history - Father heart attack age 44, brother heart attack 43, 
uncle heart attack 45, diabetes with mum, uncle had bowel cancer
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MEDAS score

Score
1

0

0

0

0

0

0

0

0

1

1

0

1

0

High Adherence (9-14 points)
Moderate Adherence (6-8 points)
Low Adherence (0-5 points)
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CVD pathology
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Microbiome results: microbial and GI markers

Inflammation
Markers indicating 

intestinal and 
systemic 

inflammation

High Levels
Increased potential 

for CVD
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Microbiome results: species

Hexa-LPS producing 
microbes 

Trimethylamine 
producing microbes 

58



Target pathogen panel

Campylobacter spp.
Campylobacter jejuni and coli are foodbourne 

pathogens that can cause gastroenteritis. Most cases 
are self-limiting. Medical treatment is likely only 
required for immunocompromised patients and 

those with severe or persistent symptoms; however, 
consideration of the patient's clinical presentation is 
recommended. If faecal occult blood is also positive 
or haemorrhagic colitis is suspected, urgent further 

investigation and specialist consultation is 
recommended
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Clinical interpretation and objectives 

Objectives
1. Reduce impact of TMAO on systemic health

2. Reduce pathobiont (E.coli)

3. Provide fuel source for microbiome 

Clinical interpretation

• High TMA/TMAO is a risk factor for CVD

• Pathobionts are contributing to functional dysbiosis

• Dietary intake is not suitable for patient’s microbiome and disease risk 
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Patient management plan for gut health

Supplement Dosage Duration Related condition
Resveratrol Take 200mg with dinner 8 months TMAO, E.coli

GOS Take 5g with breakfast 8 months Pathobionts

Fish oil Take 1500mg with breakfast
and dinner

8 months Inflammation, heart health

HMO Take 600mg after breakfast and dinner 8 months Dysbiosis, leaky gut

Dietary/ Lifestyle Related condition
Consume a Mediterranean style diet Pathobionts

Aim to consume 38g of dietary fibre every day Pathobionts

Consume 1/3 cup of mixed organic berries 5x weekly Cardiovascular health

Limit red meat and carnitine intake High TMA
Consume 1 cup of cooked cruciferous veggies each day High TMAO
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Escherichia coli (flexneri)

Change in species after 8 months
Baseline After 8 months

72%

Commensals

Pathobionts

Change in specie profile 
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Diversity and richness

Small change in richness, HUGE change in species 

Baseline After 8 months
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Hexa-LPS & E.coli after 8 months

72%

Baseline After 8 months
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Removal of pathogen, without high dose of antimicrobial herbs
Baseline After 8 months
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Immune response/ inflammation
Baseline After 8 months

Reduction in pathobionts and pathogens has reduced SIgA  
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Increase in Bifidobacterium

HMO/GOS supplementation increased the number of Bifidobacterium species and their abundance 

Baseline After 8 months
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TMA risk factor for CVD

60%

The gut may drive cardiovascular disease without 
the client presenting with digestive symptoms.
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H2S back in normal range

64%

Increasing dietary prebiotics (FOS/GOS) reduced H2S back to healthy range
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IPA increased

266%

Increasing dietary ellagic acid increased IPA producing species
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Metabolites and GI function
Baseline After 8 months
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Patient management plan for gut health
Supplement Dosage Duration Related condition
Resveratrol Take 300mg with lunch and dinner 3 months TMAO

GOS Take 5g with breakfast and dinner 3 months Pathobionts

Fish oil Take 1500mg with breakfast
and dinner

3 months Inflammation, heart health

HMO Take 600mg after breakfast, lunch 
dinner

3 months Dysbiosis, leaky gut

Dietary/ Lifestyle Related condition
Consume a Mediterranean style diet Pathobionts

Aim to consume 38g of dietary fibre every day Pathobionts

Consume 1/3 cup of mixed organic berries 5x weekly Cardiovascular health
Limit red meat and carnitine intake High TMA

Consume 1 cup of cooked cruciferous veggies each day High TMAO

Consume 1 can of legumes each day Pathobionts
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Key 
Takeaways

1. Polyphenols have antioxidant, anti-inflammatory, and gut microbiome-
modulating effects.

2. Gastrointestinal and gut microbiome testing can highlight when to consider 
dietary and supplement polyphenols for the management of intestinal 
inflammation and/or systemic inflammation in conditions like IBS, cardiovascular 
diseases, and inflammatory disorders.

3. SPECIFIC polyphenol diet and supplement recommendations can impact 
intestinal inflammation through the management of calprotectin, lactoferrin and 
3-indolepropionic acid.

4. SPECIFIC polyphenol diet and supplement recommendations can impact systemic 
inflammation through the management of trimethylamine and 3-indolepropionic 
acid.

5. When prescribing polyphenol supplements consider dietary intake, nutrient and 
drug interactions and safety.

6. Incorporating a variety of polyphenol-rich foods as part of a Mediterranean-style 
diet can provide comprehensive health benefits.

7. Retesting our client’s microbiome provides evidence for further management 
modification. 
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Live Q&A
Hayley Parcell

Hannah Naismith

Dr Brad Leech
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Resources to support polyphenol prescription
Our range of Clinical Guides and Patient Handouts are available at Co-Education. 
You can access these and more via your Practitioner Portal
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MetaXplore™

MetaXplore™ provides a metagenomic driven gut microbiome profile, together with the latest research insights for 
healthcare professionals.
Technology: metagenomics

Testing systemic inflammation and intestinal 
inflammation using the MetaXplore™ range

MetaXplore™ GI
MetaXplore™ GI provides the same comprehensive microbiome profile as MetaXplore™ as well as reporting on 
seven gastrointestinal health markers and science backed clinical insights to assist clinical decision-making and intervention.
Technology: metagenomics + diagnostic GI health markers + faecal pH 

MetaXplore™ GI Plus
MetaXplore™ GI Plus is Co-Biome’s most comprehensive functional gut microbiome profile. It provides all the features 
found in MetaXplore™ and MetaXplore™ GI, plus targeted pathogen panels. 
Technology: metagenomics + diagnostic GI health markers + faecal pH + RT-PCR

$369

$489

$529
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Thank you for 
attending

Visit the Co-Education Hub All Resources page for additional resources and 
to watch the webinar replay. You can access this via your Practitioner Portal. 

Register as a Co-Biome Clinician today for microbiome educational 
resources at your fingertips!

Additional resources:
• Polyphenol Guide (coming soon)
• Prebiotic Guide
• Low FOMAP Prebiotic Guide
• Dietary Impacts on the Gut 

Microbiome Guide
• Pathogen and Pathobiont 

Management Guide
• Interpretation Guide 
• MetaXplore Range Report 

Interpretation Checklist

• Patient Referral Letter Template
• Testing Your Microbiome Patient 

Brochure
• Patient Handouts – Mediterranean 

diet (new); Polyphenols (coming 
soon); Ellagic acid; Arabinoxylan; 
Beta-glucan; Inulin; FOS; GOS; 
Pectin; Resistant starch

77

References
1.Vermerris W, Nicholson R. Phenolic Compound Biochemistry. Springer Netherlands; 2006. doi:https://doi.org/10.1007/978-1-4020-5164-7

2.Doughari J. Phytochemicals: Extraction Methods, Basic Structures and Mode of Action as Potential Chemotherapeutic Agents. In: Phytochemicals - a Global Perspective of Their Role in Nutrition and Health. ; 2012. doi:https://doi.org/10.5772/26052

3.Gharras H. Polyphenols: food sources, properties and applications - a review. International Journal of Food Science & Technology. 2009;44(12):2512-2518. doi:https://doi.org/10.1111/j.1365-2621.2009.02077.x

4.Rothwell JA, Perez-Jimenez J, Neveu V, et al. Phenol-Explorer 3.0: a major update of the Phenol-Explorer database to incorporate data on the effects of food processing on polyphenol content. Database: The Journal of Biological Databases and Curation. 
2013;2013:bat070. doi:https://doi.org/10.1093/database/bat070

5.Naghsh N, Musazadeh V, Nikpayam O, et al. Profiling Inflammatory Biomarkers following Curcumin Supplementation: An Umbrella Meta-Analysis of Randomized Clinical Trials. Wu Q, ed. Evidence-Based Complementary and Alternative Medicine. 2023;2023:1-12. 
doi:https://doi.org/10.1155/2023/4875636

6.Ferguson JJA, Abbott KA, Garg ML. Anti-inflammatory effects of oral supplementation with curcumin: a systematic review and meta-analysis of randomized controlled trials. Nutrition Reviews. 2020;79(9):1043-1066. doi:https://doi.org/10.1093/nutrit/nuaa114

7.Ghadimi M, Foroughi F, Hashemipour S, et al. Randomized double-blind clinical trial examining the Ellagic acid effects on glycemic status, insulin resistance, antioxidant, and inflammatory factors in patients with type 2 diabetes. Phytotherapy research: PTR. 
2021;35(2):1023-1032. doi:https://doi.org/10.1002/ptr.6867

8.Kazemi M, Lalooha F, Nooshabadi MR, Dashti F, Kavianpour M, Haghighian HK. Randomized double blind clinical trial evaluating the Ellagic acid effects on insulin resistance, oxidative stress and sex hormones levels in women with polycystic ovarian syndrome. 
Journal of Ovarian Research. 2021;14(1). doi:https://doi.org/10.1186/s13048-021-00849-2

9.Rafraf M, Haghighian MK, Molani-Gol R, Hemmati S, Jafarabadi MA. Effects of Pomegranate (Punica granatum L.) Peel Extract Supplementation on Markers of Inflammation and Serum Matrix Metalloproteinase 1 in Women With Knee Osteoarthritis: A 
Randomized Double-Blind Placebo-Controlled Study. Nutrition and Metabolic Insights. 2024;17. doi:https://doi.org/10.1177/11786388241243266

10.Molani-Gol R, Rafraf M. Effects of resveratrol on the anthropometric indices and inflammatory markers: an umbrella meta-analysis. European Journal of Nutrition. 2024;63(4):1023-1040. doi:https://doi.org/10.1007/s00394-024-03335-9

11.Haghighatdoost F, Hariri M. The effect of green tea on inflammatory mediators: A systematic review and meta-analysis of randomized clinical trials. Phytotherapy Research. 2019;33(9):2274-2287. doi:https://doi.org/10.1002/ptr.6432

12.Souza F, Vasconcellos GL, José D, Roberto L, Silva M. Effect of Green Tea Supplementation on Inflammatory Markers among Patients with Metabolic Syndrome and Related Disorders: A Systematic Review and Meta-Analysis. Preventive Nutrition and Food Science. 
2024;29(2):106-117. doi:https://doi.org/10.3746/pnf.2024.29.2.106

13.Kavyani Z, Najafi K, Naghsh N, Karvane HB, Musazadeh V. The effects of curcumin supplementation on biomarkers of inflammation, oxidative stress, and endothelial function: A meta-analysis of meta-analyses. Prostaglandins & other lipid mediators. 
2024;174:106867-106867. doi:https://doi.org/10.1016/j.prostaglandins.2024.106867

14.Dehzad MJ, Ghalandari H, Nouri M, Askarpour M. Antioxidant and anti-inflammatory effects of curcumin/turmeric supplementation in adults: A GRADE-assessed systematic review and dose–response meta-analysis of randomized controlled trials. Cytokine. 
2023;164:156144. doi:https://doi.org/10.1016/j.cyto.2023.156144

15.Hosseini SH, Zarghami M, Haghighian HK, Roochi AB, Abediankenari S, Houshmand G. Effects of Ellagic Acid Supplementation on Antioxidant Status and Symptom Improvement in Patients with Major Depressive Disorder: A Double-blind Randomized Clinical Trial. 
Iranian Journal of Psychiatry and Behavioral Sciences. 2024;18(3). doi:https://doi.org/10.5812/ijpbs-144775

78

https://doi.org/10.1007/978-1-4020-5164-7
https://doi.org/10.5772/26052
https://doi.org/10.1111/j.1365-2621.2009.02077.x
https://doi.org/10.1093/database/bat070
https://doi.org/10.1155/2023/4875636
https://doi.org/10.1093/nutrit/nuaa114
https://doi.org/10.1002/ptr.6867
https://doi.org/10.1186/s13048-021-00849-2
https://doi.org/10.1177/11786388241243266
https://doi.org/10.1007/s00394-024-03335-9
https://doi.org/10.1002/ptr.6432
https://doi.org/10.3746/pnf.2024.29.2.106
https://doi.org/10.1016/j.prostaglandins.2024.106867
https://doi.org/10.1016/j.cyto.2023.156144
https://doi.org/10.5812/ijpbs-144775


References (continued)
16.Mirzaie Z, Bastani A, Haji-Aghamohammadi AA, Nooshabadi MR, Ahadinezhad B, Haghighian HK. Effects of Ellagic Acid on Oxidative Stress Index, Inflammatory Markers and Quality of Life in Patients With Irritable Bowel Syndrome: Randomized Double-blind 
Clinical Trial. Clinical Nutrition Research. 2022;11(2):98-98. doi:https://doi.org/10.7762/cnr.2022.11.2.98

17.Koushki M, Lakzaei M, Khodabandehloo H, Hosseini H, Meshkani R, Panahi G. Therapeutic effect of resveratrol supplementation on oxidative stress: a systematic review and meta-analysis of randomised controlled trials. Postgraduate Medical Journal. 
2019;96(1134):197-205. doi:https://doi.org/10.1136/postgradmedj-2019-136415

18.Asbaghi O, Kelishadi MR, Larky DA, et al. The effects of green tea extract supplementation on body composition, obesity-related hormones and oxidative stress markers: a grade-assessed systematic review and dose-response meta-analysis of randomised 
controlled trials. The British Journal of Nutrition. 2024;131(7):1125-1157. doi:https://doi.org/10.1017/S000711452300260X

19.Rasaei N, Asbaghi O, Samadi M, et al. Effect of Green Tea Supplementation on Antioxidant Status in Adults: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Antioxidants. 2021;10(11):1731. doi:https://doi.org/10.3390/antiox10111731

20.Vasmehjani A, Yaghoubi F, Darabi Z, Abdollahi N, Sangsefidi ZS, Hosseinzadeh M. The Effect of Quercetin on Stress Oxidative Markers: A Systematic Review and Meta-Analysis of Randomized Controlled Clinical Trials. Journal of Nutrition and Food Security. 
Published online October 31, 2021. doi:https://doi.org/10.18502/jnfs.v7i4.11065

21.Mody D, Athamneh AIM, Seleem MN. Curcumin: A natural derivative with antibacterial activity against Clostridium difficile. Journal of Global Antimicrobial Resistance. 2020;21:154-161. doi:https://doi.org/10.1016/j.jgar.2019.10.005

22.Zheng D, Huang C, Huang H, et al. Antibacterial Mechanism of Curcumin: A Review. Chemistry & Biodiversity. 2020;17(8). doi:https://doi.org/10.1002/cbdv.202000171

23.Gunes H, Gulen D, Mutlu R, Gumus A, Tas T, Topkaya AE. Antibacterial effects of curcumin. Toxicology and Industrial Health. 2013;32(2):246-250. doi:https://doi.org/10.1177/0748233713498458

24.Jazayeri S. Survival of Bifidobacteria and Other Selected Intestinal Bacteria in TPY Medium Supplemented with Curcumin as assessed in vitro. International Journal of Probiotics and Prebiotics. 2009;4(1):15-22. Accessed June 30, 2024. 
http://psasir.upm.edu.my/id/eprint/4917/1/FBSB_2007_20.pdf

25.Hussain Y, Alam W, Ullah H, et al. Antimicrobial Potential of Curcumin: Therapeutic Potential and Challenges to Clinical Applications. Antibiotics. 2022;11(3):322. doi:https://doi.org/10.3390/antibiotics11030322

26.Bialonska D, Kasimsetty SG, Schrader KK, Ferreira D. The Effect of Pomegranate (Punica granatum L.) Byproducts and Ellagitannins on the Growth of Human Gut Bacteria. Journal of Agricultural and Food Chemistry. 2009;57(18):8344-8349. 
doi:https://doi.org/10.1021/jf901931b

27.Sivamani RK, Mincy Chakkalakal, Pan A, et al. Prospective Randomized, Double-Blind, Placebo-Controlled Study of a Standardized Oral Pomegranate Extract on the Gut Microbiome and Short-Chain Fatty Acids. Foods. 2024;13(1):15-15. 
doi:https://doi.org/10.3390/foods13010015

28.González-Sarrías A, Romo-Vaquero M, García-Villalba R, Cortés-Martín A, Selma MV, Espín JC. The Endotoxemia Marker Lipopolysaccharide-Binding Protein is Reduced in Overweight-Obese Subjects Consuming Pomegranate Extract by Modulating the Gut 
Microbiota: A Randomized Clinical Trial. Molecular Nutrition & Food Research. 2018;62(11):1800160. doi:https://doi.org/10.1002/mnfr.201800160

29.Seukep JA, Sandjo LP, Ngadjui BT, Kuete V. Antibacterial and antibiotic-resistance modifying activity of the extracts and compounds from Nauclea pobeguinii against Gram-negative multi-drug resistant phenotypes. BMC Complementary and Alternative 
Medicine. 2016;16(193). doi:https://doi.org/10.1186/s12906-016-1173-2

30.Promgool T, Pancharoen O, Deachathai S. Antibacterial and antioxidative compounds from Cassia alata Linn. Directory of Open Access Journals. 2014;34(4).

79

References (continued)
31.He Z, Huang Z, Zhou W, Tang Z, Ma R, Liang J. Anti-biofilm Activities from Resveratrol against Fusobacterium nucleatum. Frontiers in Microbiology. 2016;7. doi:https://doi.org/10.3389/fmicb.2016.01065

32.Siriphap A, Kiddee A, Duangjai A, et al. Antimicrobial Activity of the Green Tea Polyphenol (−)-Epigallocatechin-3-Gallate (EGCG) against Clinical Isolates of Multidrug-Resistant Vibrio cholerae. Antibiotics. 2022;11(4):518. 
doi:https://doi.org/10.3390/antibiotics11040518

33.Jeon J, Kim JH, Lee CK, Oh CH, Song HJ. The Antimicrobial Activity of (-)-Epigallocatehin-3-Gallate and Green Tea Extracts against Pseudomonas aeruginosa and Escherichia coli Isolated from Skin Wounds. Annals of Dermatology. 2014;26(5):564. 
doi:https://doi.org/10.5021/ad.2014.26.5.564

34.Ahn Y-J, Sakanaka S, Kim M-J, Kawamura T, Fujisawa T, Mitsuoka T. Effect of Green Tea Extract on Growth of Intestinal Bacteria. Microbial Ecology in Health and Disease. 1990;3(6):335-338. doi:https://doi.org/10.3109/08910609009140256

35.Morishima S, Kawada Y, Fukushima Y, Takagi T, Naito Y, Inoue R. A randomized, double-blinded study evaluating effect of matcha green tea on human fecal microbiota. Journal of Clinical Biochemistry and Nutrition. 2023;72(2):165-170. 
doi:https://doi.org/10.3164/jcbn.22-81

36.Yuan X, Long Y, Ji Z, et al. Green Tea Liquid Consumption Alters the Human Intestinal and Oral Microbiome. Molecular Nutrition & Food Research. 2018;62(12):1800178. doi:https://doi.org/10.1002/mnfr.201800178

37.Jin JS, Touyama M, Hisada T, Benno Y. Effects of green tea consumption on human fecal microbiota with special reference toBifidobacteriumspecies. Microbiology and Immunology. 2012;56(11):729-739. doi:https://doi.org/10.1111/j.1348-0421.2012.00502.x

38.Jaisinghani RN. Antibacterial properties of quercetin. Microbiology Research. 2017;8(1). doi:https://doi.org/10.4081/mr.2017.6877

39.Shu Y. Antibacterial activity of quercetin on oral infectious pathogens. African Journal of Microbiology Research. 2011;5(30). doi:https://doi.org/10.5897/ajmr11.849

40.Wang S, Yao J, Zhou B, et al. Bacteriostatic Effect of Quercetin as an Antibiotic Alternative In Vivo and Its Antibacterial Mechanism In Vitro. Journal of Food Protection. 2018;81(1):68-78. doi:https://doi.org/10.4315/0362-028X.JFP-17-214

41.Duda-Chodak A. The inhibitory effect of polyphenols on human gut microbiota. Journal of Physiology and Pharmacology: An Official Journal of the Polish Physiological Society. 2012;63(5):497-503. https://pubmed.ncbi.nlm.nih.gov/23211303/

42.Biedermann L, Mwinyi J, Scharl M, et al. Bilberry ingestion improves disease activity in mild to moderate ulcerative colitis — An open pilot study. Journal of Crohn’s and Colitis. 2013;7(4):271-279. doi:https://doi.org/10.1016/j.crohns.2012.07.010

43.Banerjee R, Pal P, Penmetsa A, et al. Novel Bioenhanced Curcumin With Mesalamine for Induction of Clinical and Endoscopic Remission in Mild-to-Moderate Ulcerative Colitis. Journal of Clinical Gastroenterology. 2021;55(8). 
doi:https://doi.org/10.1097/mcg.0000000000001416

44.Lang A, Salomon N, Wu JCY, et al. Curcumin in Combination With Mesalamine Induces Remission in Patients With Mild-to-Moderate Ulcerative Colitis in a Randomized Controlled Trial. Clinical Gastroenterology and Hepatology. 2015;13(8):1444-1449.e1. 
doi:https://doi.org/10.1016/j.cgh.2015.02.019

45.Hanai H, Iida T, Takeuchi K, et al. Curcumin Maintenance Therapy for Ulcerative Colitis: Randomized, Multicenter, Double-Blind, Placebo-Controlled Trial. Clinical Gastroenterology and Hepatology. 2006;4(12):1502-1506. 
doi:https://doi.org/10.1016/j.cgh.2006.08.008

46.Zeng M, Hodges J, Sasaki G, Cao S, Vodovotz Y, Bruno R. A Green Tea Extract-Rich Confection in Healthy and Metabolic Syndrome Adults Decreases Small Intestinal Permeability in Association With Lower Gut Inflammation. Current Developments in Nutrition. 
2022;6(1):343-343. doi:https://doi.org/10.1093/cdn/nzac053.084

80

https://doi.org/10.7762/cnr.2022.11.2.98
https://doi.org/10.1136/postgradmedj-2019-136415
https://doi.org/10.1017/S000711452300260X
https://doi.org/10.3390/antiox10111731
https://doi.org/10.18502/jnfs.v7i4.11065
https://doi.org/10.1016/j.jgar.2019.10.005
https://doi.org/10.1002/cbdv.202000171
https://doi.org/10.1177/0748233713498458
http://psasir.upm.edu.my/id/eprint/4917/1/FBSB_2007_20.pdf
https://doi.org/10.3390/antibiotics11030322
https://doi.org/10.1021/jf901931b
https://doi.org/10.3390/foods13010015
https://doi.org/10.1002/mnfr.201800160
https://doi.org/10.1186/s12906-016-1173-2
https://doi.org/10.3389/fmicb.2016.01065
https://doi.org/10.3390/antibiotics11040518
https://doi.org/10.5021/ad.2014.26.5.564
https://doi.org/10.3109/08910609009140256
https://doi.org/10.3164/jcbn.22-81
https://doi.org/10.1002/mnfr.201800178
https://doi.org/10.1111/j.1348-0421.2012.00502.x
https://doi.org/10.4081/mr.2017.6877
https://doi.org/10.5897/ajmr11.849
https://doi.org/10.4315/0362-028X.JFP-17-214
https://pubmed.ncbi.nlm.nih.gov/23211303/
https://doi.org/10.1016/j.crohns.2012.07.010
https://doi.org/10.1097/mcg.0000000000001416
https://doi.org/10.1016/j.cgh.2015.02.019
https://doi.org/10.1016/j.cgh.2006.08.008
https://doi.org/10.1093/cdn/nzac053.084


References (continued)
47.Dryden GW, Lam A, Beatty K, Qazzaz HH, McClain CJ. A Pilot Study to Evaluate the Safety and Efficacy of an Oral Dose of (−)-Epigallocatechin-3-Gallate–Rich Polyphenon E in Patients With Mild to Moderate Ulcerative Colitis. Inflammatory Bowel Diseases. 
2013;19(9):1. doi:https://doi.org/10.1097/mib.0b013e31828f5198

48.Langmead L, Feakins RM, Goldthorpe S, et al. Randomized, double-blind, placebo-controlled trial of oral aloe vera gel for active ulcerative colitis. Alimentary Pharmacology & Therapeutics. 2004;19(7):739-747. doi:https://doi.org/10.1111/j.1365-2036.2004.01902.x

49.Wang Z, Bergeron N, Levison BS, et al. Impact of chronic dietary red meat, white meat, or non-meat protein on trimethylamine N-oxide metabolism and renal excretion in healthy men and women. European Heart Journal. 2019;40(7):583-594. 
doi:https://doi.org/10.1093/eurheartj/ehy799

50.Krishnan S, O’Connor LE, Wang Y, Gertz ER, Campbell WW, Bennett BJ. Adopting a Mediterranean-style eating pattern with low, but not moderate, unprocessed, lean red meat intake reduces fasting serum trimethylamine N-oxide (TMAO) in adults who are 
overweight or obese. British Journal of Nutrition. 2022;128(9):1-21. doi:https://doi.org/10.1017/s0007114521004694

51.Wilcox J, Skye SM, Graham B, et al. Dietary Choline Supplements, but Not Eggs, Raise Fasting TMAO Levels in Participants with Normal Renal Function: A Randomized Clinical Trial. The American Journal of Medicine. 2021;134(9):1160-1169.e3. 
doi:https://doi.org/10.1016/j.amjmed.2021.03.016

52.Cho CE, Aardema NDJ, Bunnell ML, et al. Effect of Choline Forms and Gut Microbiota Composition on Trimethylamine-N-Oxide Response in Healthy Men. Nutrients. 2020;12(8):2220. doi:https://doi.org/10.3390/nu12082220

53.Taesuwan S, McDougall MQ, Malysheva OV, et al. Choline metabolome response to prenatal choline supplementation across pregnancy: A randomized controlled trial. The FASEB Journal. 2021;35(12). doi:https://doi.org/10.1096/fj.202101401rr

54.Cashman JR, Xiong Y, Lin J, et al. In vitro and in vivo inhibition of human flavin-containing monooxygenase form 3 (FMO3) in the presence of dietary indoles. Biochemical pharmacology. 1999;58(6):1047-1055. doi:https://doi.org/10.1016/s0006-2952(99)00166-5

55.Annunziata G, Maisto M, Schisano C, et al. Effects of Grape Pomace Polyphenolic Extract (Taurisolo®) in Reducing TMAO Serum Levels in Humans: Preliminary Results from a Randomized, Placebo-Controlled, Cross-Over Study. Nutrients. 2019;11(1):139. 
doi:https://doi.org/10.3390/nu11010139

56.Annunziata G, Maisto M, Schisano C, et al. Effect of Grape Pomace Polyphenols With or Without Pectin on TMAO Serum Levels Assessed by LC/MS-Based Assay: A Preliminary Clinical Study on Overweight/Obese Subjects. Frontiers in Pharmacology. 2019;10. 
doi:https://doi.org/10.3389/fphar.2019.00575

57.Peron G, Meroño T, Gargari G, et al. A Polyphenol-Rich Diet Increases the Gut Microbiota Metabolite Indole 3-Propionic Acid in Older Adults with Preserved Kidney Function. Molecular Nutrition & Food Research. 2022;66(21):2100349. 
doi:https://doi.org/10.1002/mnfr.202100349

58.Zhu C, Sawrey-Kubicek L, Beals E, et al. Human gut microbiome composition and tryptophan metabolites were changed differently by fast food and Mediterranean diet in 4 days: a pilot study. Nutrition Research. 2020;77:62-72. 
doi:https://doi.org/10.1016/j.nutres.2020.03.005

59.Lécuyer L, Dalle C, Micheau P, et al. Untargeted plasma metabolomic profiles associated with overall diet in women from the SU.VI.MAX cohort. European Journal of Nutrition. 2020;59(8):3425-3439. doi:https://doi.org/10.1007/s00394-020-02177-5

60.Yang J, Guo Y, Lee RP, et al. Pomegranate Metabolites Impact Tryptophan Metabolism in Humans and Mice. Current Developments in Nutrition. 2020;4(11):nzaa165-nzaa165. doi:https://doi.org/10.1093/cdn/nzaa165

61.Pounis G, Di Castelnuovo A, Bonaccio M, et al. Flavonoid and lignan intake in a Mediterranean population: proposal for a holistic approach in polyphenol dietary analysis, the Moli-sani Study. European Journal of Clinical Nutrition. 2015;70(3):338-345. 
doi:https://doi.org/10.1038/ejcn.2015.178

81

References (continued)
62.Dryer-Beers ER, Griffin J, Matthews PM, Frost GS. Higher dietary polyphenol intake is associated with lower blood inflammatory markers. Journal of Nutrition. Published online May 1, 2024. doi:https://doi.org/10.1016/j.tjnut.2024.05.005

63.Pounis G, Bonaccio M, Castelnuovo AD, et al. Polyphenol intake is associated with low-grade inflammation, using a novel data analysis from the Moli-sani study. Thrombosis and Haemostasis. 2016;115(02):344-352. doi:https://doi.org/10.1160/th15-06-0487

64.Harms LM, Scalbert A, Zamora-Ros R, et al. Plasma polyphenols associated with lower high-sensitivity C-reactive protein concentrations: a cross-sectional study within the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort. British Journal of 
Nutrition. 2020;123(2):198-208. doi:https://doi.org/10.1017/s0007114519002538

65.Chun OK, Chung SJ, Claycombe KJ, Song WO. Serum C-Reactive Protein Concentrations Are Inversely Associated with Dietary Flavonoid Intake in U.S. Adults. The Journal of Nutrition. 2008;138(4):753-760. doi:https://doi.org/10.1093/jn/138.4.753

66.Dunneram Y, Chung HF, Cade JE, et al. Soy intake and vasomotor menopausal symptoms among midlife women: a pooled analysis of five studies from the InterLACE consortium. European Journal of Clinical Nutrition. 2019;73(11):1501-1511. 
doi:https://doi.org/10.1038/s41430-019-0398-9

67.Nagata C. Soy Product Intake and Hot Flashes in Japanese Women: Results from a Community-based Prospective Study. American Journal of Epidemiology. 2001;153(8):790-793. doi:https://doi.org/10.1093/aje/153.8.790

68.Oh MR, Park JH, Park SK, Park SH. Efficacy of plant-derived dietary supplements in improving overall menopausal symptoms in women: An updated systematic review and meta-analysis. Phytotherapy Research. 2024;38(3). doi:https://doi.org/10.1002/ptr.8112

69.Taku K, Melby MK, Kronenberg F, Kurzer MS, Messina M. Extracted or synthesized soybean isoflavones reduce menopausal hot flash frequency and severity. Menopause. 2012;19(7):776-790. doi:https://doi.org/10.1097/gme.0b013e3182410159

70.Xu R, Yang K, Li S, Dai M, Chen G. Effect of green tea consumption on blood lipids: a systematic review and meta-analysis of randomized controlled trials. Nutrition Journal. 2020;19(1). doi:https://doi.org/10.1186/s12937-020-00557-5

71.Xu R, Bai Y, Yang K, Chen G. Effects of green tea consumption on glycemic control: a systematic review and meta-analysis of randomized controlled trials. Nutrition & Metabolism. 2020;17(1). doi:https://doi.org/10.1186/s12986-020-00469-5

72.Bahari H, Rafiei H, Goudarzi K, et al. The effects of pomegranate consumption on inflammatory and oxidative stress biomarkers in adults: a systematic review and meta-analysis. Inflammopharmacology. 2023;31(5). doi:https://doi.org/10.1007/s10787-023-01294-x

73.Bahari H, Rezaiian F, Goudarzi K, et al. The effects of pomegranate consumption on lipid profile in adults: A systematic review and meta-analysis. Journal of Functional Foods. 2023;108:105727. doi:https://doi.org/10.1016/j.jff.2023.105727

74.Hossein Bahari, Kosar Omidian, Goudarzi K, et al. The effects of pomegranate consumption on blood pressure in adults: A systematic review and meta-analysis. Phytotherapy Research. 2024;38(5). doi:https://doi.org/10.1002/ptr.8170

75.Batista-Jorge GC, Barcala-Jorge AS, Lelis DF, et al. Resveratrol Effects on Metabolic Syndrome Features: A Systematic Review and Meta-Analysis. Endocrines. 2024;5(2):225-243. doi:https://doi.org/10.3390/endocrines5020016

76.Cao X, Liao W, Xia H, Wang S, Sun G. The Effect of Resveratrol on Blood Lipid Profile: A Dose-Response Meta-Analysis of Randomized Controlled Trials. Nutrients. 2022;14(18):3755. doi:https://doi.org/10.3390/nu14183755

77.Wang X, Zhou X, Zhang X. Effects of Ellagic Acid on Glucose and Lipid Metabolism: A Systematic Review and Meta-Analysis. Journal of Nutrition and Metabolism. 2024;2024(1). doi:https://doi.org/10.1155/2024/5558665

78.Lopresti AL, Smith SJ, Rea A, Michel S. Efficacy of a curcumin extract (CurcugenTM) on gastrointestinal symptoms and intestinal microbiota in adults with self-reported digestive complaints: a randomised, double-blind, placebo-controlled study. BMC Complementary 
Medicine and Therapies. 2021;21(1). doi:https://doi.org/10.1186/s12906-021-03220-6

82

https://doi.org/10.1097/mib.0b013e31828f5198
https://doi.org/10.1111/j.1365-2036.2004.01902.x
https://doi.org/10.1093/eurheartj/ehy799
https://doi.org/10.1017/s0007114521004694
https://doi.org/10.1016/j.amjmed.2021.03.016
https://doi.org/10.3390/nu12082220
https://doi.org/10.1096/fj.202101401rr
https://doi.org/10.1016/s0006-2952(99)00166-5
https://doi.org/10.3390/nu11010139
https://doi.org/10.3389/fphar.2019.00575
https://doi.org/10.1002/mnfr.202100349
https://doi.org/10.1016/j.nutres.2020.03.005
https://doi.org/10.1007/s00394-020-02177-5
https://doi.org/10.1093/cdn/nzaa165
https://doi.org/10.1038/ejcn.2015.178
https://doi.org/10.1016/j.tjnut.2024.05.005
https://doi.org/10.1160/th15-06-0487
https://doi.org/10.1017/s0007114519002538
https://doi.org/10.1093/jn/138.4.753
https://doi.org/10.1038/s41430-019-0398-9
https://doi.org/10.1093/aje/153.8.790
https://doi.org/10.1002/ptr.8112
https://doi.org/10.1097/gme.0b013e3182410159
https://doi.org/10.1186/s12937-020-00557-5
https://doi.org/10.1186/s12986-020-00469-5
https://doi.org/10.1007/s10787-023-01294-x
https://doi.org/10.1016/j.jff.2023.105727
https://doi.org/10.1002/ptr.8170
https://doi.org/10.3390/endocrines5020016
https://doi.org/10.3390/nu14183755
https://doi.org/10.1155/2024/5558665
https://doi.org/10.1186/s12906-021-03220-6


References (continued)
79.Hong SW, Chun J, Park S, Lee HJ, Im JP, Kim JS. Aloe vera Is Effective and Safe in Short-term Treatment of Irritable Bowel Syndrome: A Systematic Review and Meta-analysis. Journal of Neurogastroenterology and Motility. 2018;24(4):528-535. 
doi:https://doi.org/10.5056/jnm18077

80.Ahluwalia B, Magnusson MK, Böhn L, et al. Aloe barbadensis Mill. extract improves symptoms in IBS patients with diarrhoea: post hoc analysis of two randomized double-blind controlled studies. Therapeutic Advances in Gastroenterology. 
2021;14:175628482110481. doi:https://doi.org/10.1177/17562848211048133

81.Bogdanski P, Suliburska J, Szulinska M, Stepien M, Pupek-Musialik D, Jablecka A. Green tea extract reduces blood pressure, inflammatory biomarkers, and oxidative stress and improves parameters associated with insulin resistance in obese, hypertensive 
patients. Nutrition Research. 2012;32(6):421-427. doi:https://doi.org/10.1016/j.nutres.2012.05.007

82.Maron DJ, Lu GP, Cai NS, et al. Cholesterol-Lowering Effect of a Theaflavin-Enriched Green Tea Extract. Archives of Internal Medicine. 2003;163(12):1448. doi:https://doi.org/10.1001/archinte.163.12.1448

83.Nantz MP, Rowe CA, Bukowski JF, Percival SS. Standardized capsule of Camellia sinensis lowers cardiovascular risk factors in a randomized, double-blind, placebo-controlled study. Nutrition. 2009;25(2):147-154. doi:https://doi.org/10.1016/j.nut.2008.07.018

84.Zamani M, Kelishadi MR, Ashtary-Larky D, et al. The effects of green tea supplementation on cardiovascular risk factors: A systematic review and meta-analysis. Frontiers in Nutrition. 2023;9. doi:https://doi.org/10.3389/fnut.2022.1084455

85.Barnard ND, Kahleova H, Holtz DN, et al. The Women’s Study for the Alleviation of Vasomotor Symptoms (WAVS): a randomized, controlled trial of a plant-based diet and whole soybeans for postmenopausal women. Menopause. 2021;28(10). 
doi:https://doi.org/10.1097/GME.0000000000001812

86.Clifford MN. Diet-Derived Phenols in Plasma and Tissues and their Implications for Health. Planta Medica. 2004;70(12):1103-1114. doi:https://doi.org/10.1055/s-2004-835835

87.Manach C, Williamson G, Morand C, Scalbert A, Rémésy C. Bioavailability and bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies. The American Journal of Clinical Nutrition. 2005;81(1):230S242S. 
doi:https://doi.org/10.1093/ajcn/81.1.230s

88.Jokioja J, Yang B, Linderborg KM. Acylated anthocyanins: A review on their bioavailability and effects on postprandial carbohydrate metabolism and inflammation. Comprehensive Reviews in Food Science and Food Safety. 2021;20(6). 
doi:https://doi.org/10.1111/1541-4337.12836

89.Gibson GR, Hutkins R, Sanders ME, et al. Expert consensus document: The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope of prebiotics. Nature Reviews Gastroenterology & 
Hepatology. 2017;14(8). doi:https://doi.org/10.1038/nrgastro.2017.75

90.Bertelli A, Biagi M, Corsini M, Baini G, Cappellucci G, Miraldi E. Polyphenols: From Theory to Practice. Foods. 2021;10(11):2595. doi:https://doi.org/10.3390/foods10112595

91.Khaodhiar L, Ricciotti HA, Li L, et al. Daidzein-rich isoflavone aglycones are potentially effective in reducing hot flashes in menopausal women. Menopause . 2008;15(1):125-132. Accessed July 30, 2024. https://pubmed.ncbi.nlm.nih.gov/18257146

92.Crawford SL, Jackson EA, Churchill L, Lampe JW, Leung K, Ockene JK. Impact of dose, frequency of administration, and equol production on efficacy of isoflavones for menopausal hot flashes. Menopause. 2013;20(9):911-921. 
doi:https://doi.org/10.1097/gme.0b013e3182829413

93.Hazim S, Curtis PJ, Schär MY, et al. Acute benefits of the microbial-derived isoflavone metabolite equol on arterial stiffness in men prospectively recruited according to equol producer phenotype: a double-blind randomized controlled trial. The American 
Journal of Clinical Nutrition. 2016;103(3):694-702. doi:https://doi.org/10.3945/ajcn.115.125690

83

References (continued)
94.Xu T, Zhang X, Liu Y, et al. Effects of dietary polyphenol supplementation on iron status and erythropoiesis: a systematic review and meta-analysis of randomized controlled trials. The American Journal of Clinical Nutrition. 2021;114(2):780-793. 
doi:https://doi.org/10.1093/ajcn/nqab068

95.Ullmann U, Haller J, Bakker GCM, Brink EJ, Weber P. Epigallocatechin gallate (EGCG) (TEAVIGOTM) does not impair nonhaem-iron absorption in man. Phytomedicine. 2005;12(6-7):410-415. doi:https://doi.org/10.1016/j.phymed.2004.07.001

96.Alemdaroglu NC, Dietz U, Wolffram S, Spahn-Langguth H, Langguth P. Influence of green and black tea on folic acid pharmacokinetics in healthy volunteers: potential risk of diminished folic acid bioavailability. Biopharmaceutics & Drug Disposition. 
2008;29(6):335-348. doi:https://doi.org/10.1002/bdd.617

97.Porte C, Voduc N, Zhang G, et al. Steady-State Pharmacokinetics and Tolerability of Trans-Resveratrol 2000 mg Twice Daily with Food, Quercetin and Alcohol (Ethanol) in Healthy Human Subjects. Clinical Pharmacokinetics. 2010;49(7):449-454. 
doi:https://doi.org/10.2165/11531820-000000000-00000

98.Guo Y, Mah E, Davis CG, et al. Dietary fat increases quercetin bioavailability in overweight adults. Molecular Nutrition & Food Research. 2013;57(5):896-905. doi:https://doi.org/10.1002/mnfr.201200619

99.Kusuhara H, Furuie H, Inano A, et al. Pharmacokinetic interaction study of sulphasalazine in healthy subjects and the impact of curcumin as an in vivo inhibitor of BCRP. British Journal of Pharmacology. 2012;166(6):1793-1803. doi:https://doi.org/10.1111/j.1476-
5381.2012.01887.x

100.Juan H, Jing T, Wan-Hua Y, Juan S, Xiao-Lei L, Wen-Xing P. P-gp Induction by Curcumin: An Effective Antidotal Pathway. Journal of Bioequivalence & Bioavailability. 2013;05(06). doi:https://doi.org/10.4172/jbb.1000165

101.Chen Y, Liu WH, Chen BL, et al. Plant polyphenol curcumin significantly affects CYP1A2 and CYP2A6 activity in healthy, male Chinese volunteers. The Annals of Pharmacotherapy. 2010;44(6):1038-1045. doi:https://doi.org/10.1345/aph.1M533

102.Huang TY, Yu CP, Hsieh YW, Lin SP, Hou YC. Resveratrol stereoselectively affected (±)warfarin pharmacokinetics and enhanced the anticoagulation effect. Scientific Reports. 2020;10(1):15910. doi:https://doi.org/10.1038/s41598-020-72694-0

103.Chow H-HS, Garland LL, Hsu CH, et al. Resveratrol Modulates Drug- and Carcinogen-Metabolizing Enzymes in a Healthy Volunteer Study. Cancer Prevention Research. 2010;3(9):1168-1175. doi:https://doi.org/10.1158/1940-6207.capr-09-0155

104.Soyata A, Hasanah AN, Rusdiana T. Isoflavones in Soybean as a Daily Nutrient: The Mechanisms of Action and How They Alter the Pharmacokinetics of Drugs. Turkish journal of pharmaceutical sciences. 2021;18(6):799-810. 
doi:https://doi.org/10.4274/tjps.galenos.2020.79106

105.Athukuri BL, Neerati P. Enhanced oral bioavailability of metoprolol with gallic acid and ellagic acid in male Wistar rats: involvement of CYP2D6 inhibition. Drug Metabolism and Personalized Therapy. 2016;31(4). doi:https://doi.org/10.1515/dmpt-2016-0029

106.Athukuri BL, Neerati P. Enhanced Oral Bioavailability of Diltiazem by the Influence of Gallic Acid and Ellagic Acid in Male Wistar Rats: Involvement of CYP3A and P-gp Inhibition. Phytotherapy Research. 2017;31(9):1441-1448. 
doi:https://doi.org/10.1002/ptr.5873

107.Werba JP, Misaka S, Giroli MG, et al. Update of green tea interactions with cardiovascular drugs and putative mechanisms. Journal of Food and Drug Analysis. 2018;26(2):S72-S77. doi:https://doi.org/10.1016/j.jfda.2018.01.008

108.Albassam A, Markowitz J. An Appraisal of Drug-Drug Interactions with Green Tea (Camellia sinensis). Planta Medica. 2017;83(06):496-508. doi:https://doi.org/10.1055/s-0043-100934

109.Kim TE, Shin KH, Park JE, et al. Effect of green tea catechins on the pharmacokinetics of digoxin in humans. Drug Design, Development and Therapy. 2018;12:2139-2147. doi:https://doi.org/10.2147/dddt.s148257

84

https://doi.org/10.5056/jnm18077
https://doi.org/10.1177/17562848211048133
https://doi.org/10.1016/j.nutres.2012.05.007
https://doi.org/10.1001/archinte.163.12.1448
https://doi.org/10.1016/j.nut.2008.07.018
https://doi.org/10.3389/fnut.2022.1084455
https://doi.org/10.1097/GME.0000000000001812
https://doi.org/10.1055/s-2004-835835
https://doi.org/10.1093/ajcn/81.1.230s
https://doi.org/10.1111/1541-4337.12836
https://doi.org/10.1038/nrgastro.2017.75
https://doi.org/10.3390/foods10112595
https://pubmed.ncbi.nlm.nih.gov/18257146
https://doi.org/10.1097/gme.0b013e3182829413
https://doi.org/10.3945/ajcn.115.125690
https://doi.org/10.1093/ajcn/nqab068
https://doi.org/10.1016/j.phymed.2004.07.001
https://doi.org/10.1002/bdd.617
https://doi.org/10.2165/11531820-000000000-00000
https://doi.org/10.1002/mnfr.201200619
https://doi.org/10.1111/j.1476-5381.2012.01887.x
https://doi.org/10.1111/j.1476-5381.2012.01887.x
https://doi.org/10.4172/jbb.1000165
https://doi.org/10.1345/aph.1M533
https://doi.org/10.1038/s41598-020-72694-0
https://doi.org/10.1158/1940-6207.capr-09-0155
https://doi.org/10.4274/tjps.galenos.2020.79106
https://doi.org/10.1515/dmpt-2016-0029
https://doi.org/10.1002/ptr.5873
https://doi.org/10.1016/j.jfda.2018.01.008
https://doi.org/10.1055/s-0043-100934
https://doi.org/10.2147/dddt.s148257


References (continued)
110.Choi JS, Choi BC, Choi KE. Effect of Quercetin on The Pharmacokinetics of Oral Cyclosporine. American Journal of Health-System Pharmacy. 2004;61(22):2406-2409. doi:https://doi.org/10.1093/ajhp/61.22.2406

111.Wu LX, Guo CX, Chen WQ, et al. Inhibition of the organic anion-transporting polypeptide 1B1 by quercetin: an in vitro and in vivo assessment. British Journal of Clinical Pharmacology. 2012;73(5):750-757. doi:https://doi.org/10.1111/j.1365-2125.2011.04150.x

112.Kim KA, Park PW, Kim HK, Ha JM, Park JY. Effect of Quercetin on the Pharmacokinetics of Rosiglitazone, a CYP2C8 Substrate, in Healthy Subjects. The Journal of Clinical Pharmacology. 2005;45(8):941-946. doi:https://doi.org/10.1177/0091270005278407

113.Wang S-Y, Duan K-M, Li Y, et al. Effect of quercetin on P-glycoprotein transport ability in Chinese healthy subjects. European journal of clinical nutrition. 2013;67(4):390-394. doi:https://doi.org/10.1038/ejcn.2013.5

114.Duan KM, Wang SY, Ouyang W, Mao YM, Yang LJ. Effect of Quercetin on CYP3A Activity in Chinese Healthy Participants. The Journal of Clinical Pharmacology. 2012;52(6):940-946. doi:https://doi.org/10.1177/0091270011406278

115.Ravindra Babu Pingili, A. Krishnamanjari Pawar, Challa SR. Systemic exposure of Paracetamol (acetaminophen) was enhanced by quercetin and chrysin co-administration in Wistar rats and in vitro model: risk of liver toxicity. Drug development and industrial 
pharmacy. 2015;41(11):1793-1800. doi:https://doi.org/10.3109/03639045.2015.1008012

116.EFSA. Safety of synthetic trans-resveratrol as a novel food pursuant to Regulation (EC) No 258/97. EFSA Journal. Published online January 12, 2016. doi:https://doi.org10.2903/j.efsa.2016.4368

117.Edwards JA, Beck M, Riegger C, Bausch J. Safety of resveratrol with examples for high purity, trans-resveratrol, resVida. Annals of the New York Academy of Sciences. 2011;1215(1):131-137. doi:https://doi.org/10.1111/j.1749-6632.2010.05855.x

118.Hidalgo-Lozada GM, Villarruel-López A, Vázquez-Paulino O, González-Ortiz M, Pérez-Rubio KG. Ellagic Acid Effect on the Components of Metabolic Syndrome, Insulin Sensitivity and Insulin Secretion: A Randomized, Double-Blind, Placebo-Controlled Clinical Trial. 
Journal of clinical medicine. 2022;11(19):5741-5741. doi:https://doi.org/10.3390/jcm11195741

119.TGA. Proposed Changes to Requirements for Listed Medicine Ingredients: Annual Low-Negligible Risk Changes 2023-2024 Final Decisions.; 2023. Accessed June 30, 2024. https://consultations.tga.gov.au/medicines-regulation-division/low-neg-risk-2023-
2024/user_uploads/cmes---low-negligible-risk-annual-consultation---2023-2024---final-decisions-document.pdf

120.Younes M, Aggett P, Aguilar F, et al. Safety of hydroxyanthracene derivatives for use in food. EFSA Journal. 2018;16(1). doi:https://doi.org/10.2903/j.efsa.2018.5090

121.Hu J, Webster D, Cao J, Shao A. The safety of green tea and green tea extract consumption in adults – Results of a systematic review. Regulatory Toxicology and Pharmacology. 2018;95:412-433. doi:https://doi.org/10.1016/j.yrtph.2018.03.019

122.Dekant W, Fujii K, Shibata E, Morita O, Shimotoyodome A. Safety assessment of green tea based beverages and dried green tea extracts as nutritional supplements. Toxicology Letters. 2017;277:104-108. doi:https://doi.org/10.1016/j.toxlet.2017.06.008

123.Alekel DL, Van Loan MD, Koehler KJ, et al. The Soy Isoflavones for Reducing Bone Loss (SIRBL) Study: a 3-y randomized controlled trial in postmenopausal women. The American Journal of Clinical Nutrition. 2010;91(1):218-230. 
doi:https://doi.org/10.3945/ajcn.2009.28306

124.Messina M, Mejia SB, Cassidy A, et al. Neither soyfoods nor isoflavones warrant classification as endocrine disruptors: a technical review of the observational and clinical data. Critical Reviews in Food Science and Nutrition. 2022;62(21):5824-5885. 
doi:https://doi.org/10.1080/10408398.2021.1895054

85

https://doi.org/10.1093/ajhp/61.22.2406
https://doi.org/10.1111/j.1365-2125.2011.04150.x
https://doi.org/10.1177/0091270005278407
https://doi.org/10.1038/ejcn.2013.5
https://doi.org/10.1177/0091270011406278
https://doi.org/10.3109/03639045.2015.1008012
https://doi.org10.2903/j.efsa.2016.4368
https://doi.org/10.1111/j.1749-6632.2010.05855.x
https://doi.org/10.3390/jcm11195741
https://consultations.tga.gov.au/medicines-regulation-division/low-neg-risk-2023-2024/user_uploads/cmes---low-negligible-risk-annual-consultation---2023-2024---final-decisions-document.pdf
https://consultations.tga.gov.au/medicines-regulation-division/low-neg-risk-2023-2024/user_uploads/cmes---low-negligible-risk-annual-consultation---2023-2024---final-decisions-document.pdf
https://doi.org/10.2903/j.efsa.2018.5090
https://doi.org/10.1016/j.yrtph.2018.03.019
https://doi.org/10.1016/j.toxlet.2017.06.008
https://doi.org/10.3945/ajcn.2009.28306
https://doi.org/10.1080/10408398.2021.1895054

