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WHITE PAPER
MicrobiomeX® supports the immune system and improves gut 

defence through a unique cross-talk between citrus flavonoids 
and the gut microbiome 
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any disease.  
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Total 
population

(n = 50)

Placebo 
(n = 27)

MicrobiomeX
®

(n = 23)

Age, yrs. 51 ± 13 50 ± 13 52 ± 11

Sex, M/F 18/32 9/18 9/14

WHR 0.93 ± 0.07 0.91 ± 0.07 0.94 ± 0.07

BMI, kg/m2 30.8 ± 3.8 31.4 ± 4.2 30.0 ± 3.2

Table 1. Baseline characteristics of study participants

MicrobiomeX® is a first-in-class Flavobiotic® developed by BioActor. It is a natural ingredient from

citrus, consisting of specific active flavonoids that directly leverage the gut microbiome’s potential and
improve gut barrier function. MicrobiomeX® is designed to positively support the immune system

activity.

Two clinical studies have been carried out to date with a daily dosage of 500 mg MicrobiomeX®.

Additional data has been generated using state-of-the-art techniques like the TIM-2 model to further
understand SCFA production. A dose-range study showed dose-dependent effects at 250mg and

350mg doses. Also, a co-culture model has been used to study the underlying mechanism relating to

MicrobiomeX® and its direct metabolites.

Clinical I: Overweight Subjects
Stevens et al. 2019

Introduction

The rise of inflammatory and autoimmune

diseases is associated with the changed

‘Western’ diet, as this is an important factor
influencing the intestinal ecosystem which may

be very relevant to human diseases (1).

Recent data suggest that polyphenols from

citrus, can modulate the gut microbiome
structure and function, thereby beneficially

affecting gut health (2).

MicrobiomeX® is a natural citrus fruit ingredient,

with a superior stability and standardized in high
concentration of two core flavonoids: Hesperidin

and Naringin.

Objectives

The primary objective of the clinical study was to

investigate the effect of 12 weeks

supplementation of MicrobiomeX® on the

intestinal ecosystem and on calprotectin levels

in individuals with overweight and unbalanced

lipid profile. As the participants were overweight,

they were likely to show dysbiosis at the level of

the gut microbiome and low-chronic

inflammation in the gut.

Methodology

A 12-week randomized, parallel, double-blind,

placebo-controlled study was designed to

examine the effects of a daily dose of 500 mg of

MicrobiomeX® on gut microbiome composition

and calprotectin levels. The study was conducted

in a group of 50 subjects with overweight and

therefore an altered microbiota (Table 1). Each

subject underwent three test days. After an

overnight fast, subjects collected a fecal sample

on the first and last test day. On all three test

days blood pressure was measured.



2) Microbiota Shift

An increase of Clostridium cluster XIVa was

observed after 12 weeks intervention in the

MicrobiomeX® and placebo groups: an increase

from baseline of 43.9% in the MicrobiomeX®

group, and an 15.9% increase the placebo

group (Figure 2).

Figure 1. Difference in ratio Butyrate/total Short-Chain Fatty 

Acids after 12 weeks intervention.
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Figure 2. Relative differences in the amount of 

Clostridium cluster XIVa (% change from baseline) 

between placebo and MicrobiomeX® after 12 weeks.

3) Calprotectin levels

After 12 weeks of daily supplementation with

MicrobiomeX®, a strong reduction in fecal

calprotectin was shown as compared to the

placebo group (P = 0.058) (Figure 3). This

reduction reflects a lower inflammatory state in

the colon.

Results

1) Short-Chain fatty acids

After 12 weeks of MicrobiomeX® intake, the

butyrate proportion of the total SCFA

significantly increased (P = 0.031) (Figure 1).

Furthermore, the butyrate to acetate ratio

significantly increased in the MicrobiomeX®

group, compared to placebo (P = 0.020).

Clinical II: Elderly Subjects
(manuscript in preparation)

Introduction

Increased levels of dysbiosis, oxidative stress

and chronic inflammation are encountered in

the elderly population.

Oxidative stress and inflammation are

implicated in the pathogenesis of various

diseases such as cardiovascular disease,

neurodegenerative disorders and cancer.

Administration of citrus flavonoids to the elderly

population might decrease oxidative stress and

inflammation and improve antioxidant status, as

well as affect microbiota composition and its

metabolic activity.
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Figure 3. Change in calprotectin levels after 12 weeks 

intervention.
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Objectives

The main objective of the clinical study was to

assess the effect of MicrobiomeX®.

administration on systemic markers of oxidative

stress and inflammation.

Other endpoints included the assessment of the

effect of MicrobiomeX® on microbiota .

composition and microbial metabolic activity and

gastrointestinal symptoms.

Secretory immunoglobulin (sIgA) is secreted in

the gut lumen and binds to viruses, bacteria

and microbial pathogens and prevents

attachment to intestinal wall. SIgA modulates

microbiota composition and prevents mucosal

inflammation.

Methodology

A randomized, double-blind, placebo-controlled

cross-over trial was designed to examine the

effects of a daily dose of 500 mg of

MicrobiomeX® in elderly subjects.

The study was conducted in a group of 37

subjects aged 70-85 years with a BMI < 30

kg/m2. During one intervention period

participants received a daily dose of

MicrobiomeX® for four weeks. During another

intervention period subjects received a daily

dose of placebo for four weeks. There was a

washout period of four to six weeks between

intervention periods.

Microbiota and microbial metabolites were

assessed in fecal samples of 9 of the

participants in the TIM-2 ex-vivo colon model.
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Figure 4. Baseline and 4-week difference in fecal sIgA

(mg/g) for placebo and Microb iomeX®.

Placebo
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Results

1) Mucosal Protection (in-Vivo): Secretory

IgA

After 4 weeks of daily 500 mg MicrobiomeX®

intake, fecal sIgA significantly increased (P =

0.04) (Figure 4). The increase in sIgA after

MicrobiomeX® supplementation is related to

immune exclusion and neutralization of

inflammatory mediators in the intestine.

Secretory immunoglobulin (sIgA) is an

antibody consisting of two IgA monomers joined

by the J-chain and an additional secretory

component. SIgA is the major immunoglobulin

in saliva, tears, colostrum, nasal mucous,

mother’s milk, and gastrointestinal secretes.

It plays a major role in preventing adherence

of microorganisms to mucosal sites, in

activation of the alternative complement

pathway and in activating inflammatory

reactions. In the gastrointestinal tract sIgA is

produced by mast cells located in the lamina

propria, where sIgA is actively transported to

the gut lumen.

SIgA binds to viruses, bacteria and

microbial pathogens and prevents attachment

to intestinal epithelium. As a result, sIgA

modulates microbiota composition, prevents

mucosal inflammation and neutralizes

inflammatory mediators in the lumen.
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2) Microbiota (ex-Vivo)

A significant increase in 14 microorganisms was

observed, of which 9 butyrate producing strains

significantly increased. Eubacterium rectale

significantly increased (p=0.014) (Figure 5). This

is a butyrate-producing strain. Other butyrate-

producing strains also increased significantly:

Ruminoclostridium 5, Ruminococcus 2, Blautia,

Mogibacterium, Comprococcus 3,

Lachnospiraceae NK4A136, Lachnospiraceae

UCG 004 and Tyzzerella 3.

Figure 5. Eubacterium rectale in control and 

MicrobiomeX®. 

MicrobiomeX®

Figure 6. Cumulative butyrate production for 

MicrobiomeX® and control during72 hours.

0

30

60

90

120

150

0 24 48 72

cu
m

u
la

ti
v

e
 p

ro
d

u
ct

io
n

 (
m

m
o

l)

time(h)

butyrate

control

CFE

C
u
m

u
la

ti
v
e

b
u
ty

ra
te

p
ro

d
u
c
ti
o
n

(m
m

o
l)

MicrobiomeX®

Control

Objective

In this study, the acute effect of MicrobiomeX®

at lower dose levels was assessed using the ex-

vivo TIM-2 model. A TIM-2 Model is a well-

established model that accurately simulates the

human colon.

In this controlled experiment two different doses

(250mg and 350mg) of MicrobiomeX® were run

of 72 hours in the TIM-2 intestinal model, which

contained a representative sample of human

microbiota from 7 healthy volunteers (average

age: 32).

Results

1) Effect on Short-Chain Fatty Acids

After daily intake of MicrobiomeX for 72 hours

an increase in SCFA over time was observed.

The 350mg dose caused the highest increase

(Figure 7).

Dose-range study
Sost et al. 2021

3) Short-Chain Fatty Acids (ex-Vivo)

Butyrate increased in the MicrobiomeX® group

after 72 hours, compared to control (Figure 6).

Propionate also increased more in the

MicrobiomeX® group compared to control.

Figure 7. Effect on cumulative SCFA over time in the

TIM-2 model.
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P = 0.004

2) Difference in Butyrate, Acetate and

Propionate

After 72 hrs of daily MicrobiomeX® intake, an

increase of butyrate, acetate & propionate was

seen over time, with acetate showing the largest

increase compared to control. Butyrate and

propionate regulate the immune system and are

important modulators of satiety. Acetate plays a

key role in appetite suppression by stimulating

release of satiety hormones PYY and GLP-1.

Acetate also crossfeeds butyrate producing

microbes.

3) Effect on Microbiota Composition

After a daily intake of MicrobiomeX® for 12

weeks a significant increase of Roseburia spp.

is observed (Figure 8).

Roseburia spp. is a species, member of the

Clostridium IVa cluster and is a butyrate

producing strain, associated with weight loss

and reduced glucose intolerance.

As shown in the figure below there is a

significant increase of B. eggerthii after daily

intake of MicrobiomeX® (Figure 9).

B. eggerthii is a species within the bacteroidetes

phylum, more specifically a strain of bacteroides

fragilis, which plays a role in production of

acetate and the prevention of intestinal

inflammation. .

P = 0.01

Figure 8. Effect on Roseburia spp.

Figure 9. Effect on B. eggherthii.

Microbiota Shift similar to Plant-Based Diet

MicrobiomeX® treatment led to a relative

increase of Bacteroidetes and a relative

decrease of Firmicutes. Such shift in the

Bacteroidetes/Firmicutes ratio is associated with

plant-based diets, which are typically high in

fiber and low in fat. Similarly, the increase in

Roseburia spp. reverses a trend that is

observed with animal-based diets.

Picture from Kumar et al, Nutrition and 
Healthy Aging (2016)
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Co-culture study
Stevens, de Bie et al. 2022
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Figure 10.  Effect Hesperetin on TNF-a activity.

P < 0.001

A mechanistic study in an innovative 2-

dimensional in-vitro model with a Caco2 cell line

combined with LPS-stimulated macrophages,

was carried out in collaboration with Maastricht

University.

The purpose of the study was to find out whether

specific metabolites of the flavonoids in

MicrobiomeX® have an effect on mediators of

inflammatory responses, such as TNF-𝛂.

Hesperitin and naringenin, both direct

metabolites of MicrobiomeX®, have a significant

effect on TNF-𝛂 release. By lowering TNF-𝛂

release, chronic low background inflammation in

the gut can be counteracted (Figures 10 & 11).

Other down-stream metabolites of hesperitin and

naringenin also mediated a significant decrease

in inflammation.

Test 
compounds*

Macrophages

Epithelial cells

Membrane

Figure 12. Co-culture of Caco2 cells and macrophages
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Figure 11. Effect Naringenin on TNF-a activity.              

P = 0.014

This co-culture cell model combines gut

epithelial cells - as a first layer through which

metabolites need to to transported – and

immune cells that are put in a state of

inflammation through the LPS-stimulation. This

model allows to determine the effect of

compounds on inhibition of inflammation

markers.
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MicrobiomeX® exerts its positive effects right in

the most important part of our immune system,

the gut in multiple ways by:

1) Facilitating a Microbiota Shift

Our studies show that MicrobiomeX® can

significantly modulate the gut microbiota. It

influences the growth of specific bacterial

groups, particularly Clostridium cluster IVa and

XIVa, capable of inducing health benefits

through SCFA production (e.g., butyrate,

acetate, propionate).

2) Increasing Butyrate and Propionate

MicrobiomeX® increases butyrate and

propionate production. Butyrate has a role as an

anti-inflammatory agent, primarily via inhibition

of nuclear factor κB (NF-κB) activation in human

colonic epithelial cells (4). Dysregulation of the

NF-κB activity is often seen in inflammatory

bowel diseases, such as ulcerative colitis and

Crohn’s disease.

3) Enhancing Gut Barrier Function and

Improving Mucosal Protection

Clinical results as shown mucosal protection via

an increase in secretory immunoglobulin (sIgA)

related to immune exclusion. This antibody is

secreted in the gut lumen and binds to viruses,

bacteria and microbial pathogens and prevents

attachment to the intestinal wall.

4) Reducing Gut Inflammation

Calprotectin – a clinical marker for gut

inflammation – was lowered as a result of

MicrobiomeX® consumption.

Overview

MicrobiomeX® promotes gut and host health

through its double mode of action: anti-

inflammatory effects combined with the ability to

modulate the gut microbiome composition.

A significant shift from acetate to the health-

promoting butyrate and a significant increase in

the butyrate proportion of total SCFA are the

results of the changed microbiome

composition. Butyrate positively affects gut

barrier function and lowers gut inflammation, as

reflected by lower levels of calprotectin and

increased sIgA levels.

Conclusion
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✓ Citrus fruit flavonoids for Immune & Gut health

✓ Flavobiotics® supported by clinical evidence
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✓ Low Daily Dose
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