
A targeted combination of beneficial bacteria
Streptococcus thermophilus FP4 and Bifidobacterium

breve BR03, micronized polyphenols, vitamins B1, B6,
B7, B12, and magnesium.

The combination of probiotic bacteria Streptococcus
thermophilus FP4 and Bifidobacterium breve BR03,
micronized polyphenols from sweet oranges, vitamins
B1, B6, B7, B12, and magnesium has been selected
based on their scientifically proven positive effects on
performance, as well as on reducing exercise-related
inflammatory responses and strengthening the overall
immune response of active individuals.
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The study is the first convincing report
that supplementation with micronized
polyphenols from citrus can improve
exercise performance, as evidenced by a
significant increase in performance
during the stress test.
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I. CLINICAL STUDY
4 weeks
randomized double-
placebo-controlled
controlled
on a cohort of 39 healthy
trained men

MICRONIZED POLYPHENOLS
FOR STRENGTH AND
ENERGY
Dietary supplements are commonly used by
athletes to enhance their physical performance (1).
Supplementation with vitamins, antioxidants,
creatine, proteins, and carbohydrates, aimed at
improving performance and muscle recovery, has in
recent years become a subject of great interest, as
these supplements may positively influence
metabolic activity, strength, and overall athletic
performance (2, 3, 4).
Polyphenols are compounds that naturally occur in
plants. They can be classified into different groups
based on their chemical structure, with the largest
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The effectiveness of micronized polyphenols from
sweet oranges on athletic performance has been
clinically tested in two placebo-controlled, double-
blind studies and in two in vitro studies.

Methodology
The clinical study was conducted on a cohort of 39
athletes. The intervention group (n=19) received an
oral daily dose of 500 mg of micronized polyphenols,
while the placebo group (n=20) received 500 mg of
maltodextrin. Energy expenditure and oxygen
consumption were measured during a ten-minute
exhaustive exercise test.

Performance
In terms of performance, a significant effect of
micronized polyphenols was observed in the
intervention group, with a notable increase in 

Micronization is a term that refers to the process of
reducing particle size to less than 10 microns. The
particle size of active substances is crucial, as it can
significantly affect their bioavailability (7).

Most non-micronized polyphenols do not achieve
absorption in the small intestine because they are
either too large or bound to fiber. They therefore pass
into the large intestine, where they are broken down
by the gut microbiota, producing metabolites that are
absorbed into the bloodstream, but in a delayed
manner and in limited amounts.
In contrast, micronized polyphenols have a larger
specific surface area, which allows them to dissolve
more quickly in digestive juices. A greater proportion
of such polyphenols is absorbed in the small
intestine, leading to a faster and higher presence of
polyphenols (or their aglycones) in the bloodstream
(8).

group consists of flavonoids. Recent studies have
demonstrated the anti-inflammatory and antioxidant
effects of polyphenols present in fruits such as
blueberries, cherries, pomegranates, and citrus fruits
(5,6).

Oxygen Consumption (VO₂) to Performance Ratio
Oxygen consumption (VO₂) in both the intervention
and placebo groups did not change compared to
baseline. However, the VO₂/performance ratio in the
intervention group decreased significantly after 4
weeks of supplementation. 
This change indicates that more energy was
generated at the same oxygen consumption,
demonstrating a significant improvement in
energy efficiency.

anaerobic performance, followed by sustained
excellent aerobic performance throughout the
duration of the exercise (Fig. 1).

Furthermore, a trend of increased maximal
performance during the first 3 seconds of exercise was
observed. In practice, this would translate to
enhanced explosive power at the onset of exercise,
which is highly relevant for anaerobic sports.
Additionally, performance in the intervention group
after 4 weeks of supplementation increased
significantly compared to the placebo group, on
average by 5%.

Results

Fig. 1: Effect of 4-week supplementation with micronized
polyphenols on performance during a 10-minute time trial
(adapted from Overdevest et al., 2018).
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The study was conducted on a sample of 61
moderately trained healthy men and women.
Participants were randomly assigned to two groups: a
group receiving 400 mg of micronized polyphenols
(n=30) and a placebo group (n=31), with daily
supplementation for 8 consecutive weeks. Anaerobic
capacity and performance were assessed using the
Wingate anaerobic test at the start of the study, after 4
weeks, and after 8 weeks.

Results
The Wingate anaerobic test showed an increase in
average anaerobic performance after 4 weeks of
micronized polyphenols, which differed significantly
compared to the placebo group (Fig. 2).

This finding complements the otherwise limited
literature on the effects of polyphenol
supplementation on anaerobic exercise performance.
This study was able to demonstrate that the intake of
400 mg of micronized polyphenols over 4 weeks can in

increase anaerobic capacity in moderately trained
individuals with a significant effect size.

Clinical studies focused on athletic performance have
demonstrated significant increases in both maximal
and average performance during high-intensity and
endurance exercise. Additionally, due to
micronization, they are rapidly absorbed into the
bloodstream, allowing performance to be enhanced
from the beginning to the end of exercise.

Furthermore, a significant increase in maximal power
(W) during the first five seconds of exercise was
observed in the intervention group, which was
significantly higher compared to the placebo group
(Fig. 3).

Methodology

Conclusion
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II. CLINICAL STUDY
8-week
 randomized
 double-blind
 placebo-controlled
 study on a cohort of 61
moderately trained participants

The study demonstrates that daily
intake of micronized polyphenols led to
an increase in anaerobic capacity and
maximal performance during high-
intensity exercise in moderately trained
individuals, without affecting maximal
heart rate.

Fig. 3: Difference in 5-second maximal power (W) from baseline
after 4 weeks of daily supplementation with micronized
polyphenols or placebo (adapted from van Iersel et al., 2021).

Fig. 2: Difference in average power (W) between groups from
baseline to 4 weeks of supplementation with micronized
polyphenols or placebo. * difference between groups
statistically significant (p<0.001) (adapted from van Iersel et al.,
2021)
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MITOCHONDRIA AS THE
POWERHOUSE OF THE CELL

GUT MICROBIOTA AND
TRAINING

Muscle cells were cultured with hesperetin, the main
active component of micronized polyphenols, in the
presence and absence of 

All cells in the body require energy to maintain and
carry out their functions. This energy is produced in
the mitochondria in the form of adenosine
triphosphate (ATP). An in vitro study conducted at
Maastricht University indicated the ability of
hesperetin to enhance mitochondrial efficiency in
producing greater amounts of ATP (9).

Micronized polyphenols from citrus improve
mitochondrial efficiency by preventing potential
proton leakage between the intermembrane space
and the mitochondrial matrix. This helps maintain a
high electrochemical gradient and facilitates the
essential recycling of ADP to ATP under anaerobic
conditions. Therefore, supplementation with
micronized polyphenols may be a promising
strategy for recreational and professional athletes
seeking to increase strength and enhance
anaerobic performance.

oxidative stress (induced by menadione sodium
bisulfite).

Results
Hesperetin in cells exposed to oxidative stress
increased the expression of the myosin heavy chain
by 35% compared to cells exposed to oxidative stress
alone after 5 days. In addition, treatment with
hesperetin in cells under oxidative stress enhanced
cell fusion compared to both oxidative stress alone
and the control group. These findings suggest that
hesperetin has potential as a nutritional strategy to
support fatigued muscles following intense exercise.
The increased expression of the myosin heavy chain
indicates muscle tissue regeneration and growth,
which helps restore strength and function after
exertion or injury.

The gut microbiota plays a key role in human health.
A sedentary lifestyle, poor dietary habits, and psycho-
physical disorders are associated with gut dysbiosis
(11). Given the ability of the gut microbiota to
modulate pathophysiological processes, gut dysbiosis
has been found to trigger a range of health issues.
Therefore, probiotics, as modulators of the gut
microbiota, are a crucial component to incorporate
into a healthy and active lifestyle. They help
strengthen the immune system, support gut health
and intestinal barrier function, address obesity and
metabolic disorders, promote mental well-being and
antioxidant status, and, importantly, enhance physical
performance and post-training recovery (12–15).

Athlete training often involves unusual exercises,
particularly eccentric (lengthening) exercises, which
cause damage to muscle fibers. Damage occurs when
an actively contracting muscle is forcibly stretched,
leading to microtears and disruption of the muscle
membrane. The initial response results in pain,
swelling, and reduced strength, followed by a
secondary inflammatory reaction which is essential

IN VITRO STUDY
Introduction
Muscle stem cells, known as satellite cells,
are activated in response to intense physical
activity or muscle damage. Once activated,
they migrate as myoblasts to repair
damaged muscle fibers. While normal
physiological levels of oxidative stress are
necessary for proper stem cell function,
excessive oxidative stress can reduce their
effectiveness (10). Polyphenol supplements
may help address this issue by reducing
oxidative stress and thereby supporting
muscle repair.

Metodology
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CLINICAL STUDY
21-day
 randomized
 double-blind
 crossover design
 placebo-controlled
 study on a cohort of 15 healthy
men trained in resistance exercise

The results suggest that supplementation
with the probiotic strains S. thermophilus
FP4 and B. breve BR03 mitigates the
decline in performance and muscle
soreness in the days following muscle-
damaging resistance training.

Metodology
The study involved 15 healthy men who regularly
engaged in resistance training and had not previously
used any long-term dietary supplements or anti-
inflammatory medications. The aim was to determine
whether 21-day supplementation with the probiotic
strains Streptococcus thermophilus FP4 and
Bifidobacterium breve BR03 at a concentration of 

Results
Isometric Peak Torque (Strength)

for regeneration. Although inflammation supports
muscle adaptation to training, athletes in demanding
training or competitive conditions may benefit from
reducing inflammation and accelerating recovery to
maintain performance. Furthermore, regular high-
intensity training leads to faster adaptation and
improved performance.

A randomized, double-blind, placebo-controlled,
crossover study with a 21-day washout period in 15
healthy men investigated the anti-inflammatory effects
of supplementation with the probiotic bacteria
Streptococcus (S.) thermophilus FP4 and
Bifidobacterium (B.) breve BR03—previously identified
as anti-inflammatory and known to colonize different
parts of the digestive tract—and their impact on
performance, muscle damage, and skeletal muscle
strain following intense exercise.

After 21 days of probiotic supplementation, baseline
(pre-exercise) strength was likely slightly lower
compared to the placebo (Fig. 4A). Following eccentric
exercise, performance decreased in both groups
(intervention and placebo), confirming that the exercise
induced muscle damage. However, in the days after
exercise (24, 48, and 72 hours), participants taking the
probiotic strains exhibited higher average isometric
peak torque compared to those taking the placebo,
with the greatest difference observed at 48 hours
(Fig. 4B).

Interleukin-6 (IL-6) Levels
IL-6 is a prototypical cytokine involved in maintaining
homeostasis. When homeostasis is disrupted due to
tissue damage, IL-6 is rapidly produced, contributing to
the defense against emerging stress by activating the
acute-phase and immune responses (16). After 21 days
of supplementation, levels of the inflammatory marker
IL-6 slightly decreased in the intervention group, while
they increased in the placebo group. Comparison
between groups demonstrated the anti-inflammatory
effect of probiotics before exercise (reduction in IL-6).
This effect persisted up to 48 hours post-exercise,
although it had largely dissipated by 72 hours.

5×10⁹ CFU/g of each strain would affect inflammation,
pain, muscle soreness, and performance following
muscle-damaging exercise. The study employed a
crossover design—each participant completed two
rounds: in one, they received the probiotics, and in the
other, the placebo, with a 21-day washout period
between rounds. In each round, a different arm was
tested. During testing, muscle strength (isometric
performance), soreness, elbow range of motion, arm
circumference, and blood levels of inflammatory
markers such as IL-6 and creatine kinase were
measured. Participants performed a series of eccentric
(lengthening) biceps exercises, which are known to
cause microdamage to muscle fibers. Measurements
were repeated immediately after exercise and at 24, 48,
and 72 hours post-exercise. All results were analyzed
using statistical methods designed to detect even small
differences that could be relevant for recovery and
athletic performance.
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Fig. 4: Effect of 21-day supplementation with probiotics and placebo on (A) average peak isometric torque before and during 72 hours post-
eccentric loading; (B) difference between probiotics and placebo adjusted for baseline (pre-eccentric exercise). Data in graph A represent raw
means and standard deviations. Data in graph B show the effect of probiotics compared to placebo expressed as a percentage of the placebo
value, including 90% confidence intervals derived by back-transforming means from a mixed-model analysis of variance. Horizontally dashed
lines represent the smallest standardized difference threshold (±4.5%). The likelihood of a meaningful change is indicated above the
comparison as: ** likely, *** very likely, comparisons without asterisks are unclear or ambiguous (adapted from Jäger et al., 2016).
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Supplementation with the probiotic strains
Bifidobacterium breve BR03 and Streptococcus
thermophilus FP4 in healthy resistance-trained
men mitigated the decline in performance and
range of motion following muscle-damaging
exercise. Additionally, reduced levels of the
inflammatory marker IL-6 were observed at rest,
with this effect persisting up to 48 hours post-
exercise. These findings suggest that specific
probiotic strains may aid in recovery after intense
eccentric training.
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