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Abstract: Previous studies have shown that polyphenol consumption enhances recovery of the
muscle after exercise-induced muscle damage (EIMD). However, EIMD markers have not been
studied by sport type. The main aim of this research was to perform a systematic review to determine
the efficacy of polyphenolic consumption in increasing muscle recovery for performing team sport
skills. Eligible studies included, following PICOS structure, presented at least one of the following
outcomes: maximal isometric voluntary contraction (MVIC); countermovement jump (CMJ); delayed
onset muscle soreness (DOMS); 20 m sprint test; creatine kinase (CK); and C-reactive protein (hsCRP).
A structured search was carried out following the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines. The risk of bias was assessed using the PEDro scale tool.
The review showed a possibly positive impact of polyphenol consumption on recovery after EIMD in
team sports athletes. No differences were found between sexes. Considering the limitations, there
is moderate to very low certainty of polyphenol supplementation effects on recovery of team sport
females and males. A dose of 60 mL/day, divided into two times per day, ingested for >7 days may
present positive effects on muscle function and muscle soreness in team sport athletes. However,
further investigation is required, specifically in females.

Keywords: intermittent sports; ergogenic aids; sports nutrition; muscle damage

1. Introduction

Team sports are characterized by intermittent bouts of high-intensity exercise such
as jumping, sprinting and tackling that require implementation of complex sport-specific
skills and cognitive tasks over a prolonged period [1,2]. These types of sports (such as
soccer, rugby and volleyball) performance depend on both aerobic and anaerobic capacity,
requiring a high volume of energy turnover and eccentric high-intensity exercise muscle
actions resulting in exercise-induced muscle damage (EIMD) and therefore decreasing
physical performance [1–3]. On the other hand, oxidative stress is an imbalance between
prooxidant (free radicals) production and the body’s antioxidant defense system [4]. Free
radicals are oxygen-containing molecules with one or more unpaired electrons that allow
them to easily interact with other species. Research indicates that oxidative stress is evident
following muscle-damaging exercise and seems to have a potent role in the adaptation
process following EIMD [5].

According to Harty et al. [6], EIMD is a transient phenomenon caused by unaccus-
tomed, damaging exercise. It is characterized by structural damage to myofibers and
secondary inflammation resulting from leukocyte infiltration into the damaged tissues.
Signs and symptoms appear immediately after and often persist for several days and up
to 14 days after exercising [6,7]. EIMD has a direct impact on athletes’ functional and
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exercise capacity, muscle soreness, disturbing sense of force production and limb position,
decreased pressure pain threshold (PPT) and elevated levels of intramuscular enzymes
such as creatine kinase (CK), lactate dehydrogenase (LDH) and myoglobin (MYO) [6,7]. Ad-
ditionally, EIMD often results in elevations in markers of inflammation such as C-reactive
protein (CRP) and various interleukins [6]. Symptoms are associated with losses in muscle
function and increases in muscle soreness, impairing athletes’ exercise performance (7).

The focus of many sports’ nutrition strategies is to maximize the recovery from exercise
and prepare for the next exercise burst. Numerous nutrients and functional foods have
been examined for their potential to decrease oxidative stress and therefore EIMD [7].
Polyphenols, by their antioxidant and anti-inflammatory properties, may reduce oxidative
stress markers, inflammation markers and EIMD, thereby enabling an earlier return to
normal muscle strength/force [7]. Somerville et al. [8] evaluated the overall effect of
polyphenols on human performance and suggested that its supplementation leads to a
moderate improvement in performance with no reported adverse effects; moreover, this
effect may be detected in any athlete regardless of the type of sport or its duration.

Polyphenols are mainly classified by chemical structure and distinguished from other
chemical compounds by the combination of one or more hydroxyl compounds with aro-
matic rings (phenols). These molecules can be subclassified into stilbenes, lignans, phenolic
acids and flavonoids [9,10]. Phenolic acids and flavonoids are the most common in the
human diet, with main sources including fruits, vegetables, fruit juices, tea, coffee, red
wine, cereals and chocolate [11].

Numerous studies have investigated the efficacy of foods high in polyphenols. One
polyphenolic-rich food commonly used for investigation is tart cherry (TC) juice. Vitale et al. [12]
summarized data from 11 studies using TC supplementation in athletes to accelerate
recovery, for example, after eccentric elbow flexion contractions [12,13]. Other polyphenolic-
rich foods commonly used are pomegranate juice [14], New Zealand blueberry [15], beetroot
juice [16], cocoa pods [17] and black currant nectar [18]. However, there is inconsistency in
the results of the different studies and the different methodologies may be the reason for
these differences [17].

Different systematic reviews and meta-analyses have examined the effects of fruit
supplements on indices of muscle damage and physical performance measures following
different EIMD protocols [3,19,20]. After consuming polyphenol-rich foods, juices and
concentrates, 24, 48 and 72 h post-EIMD are the most commonly studied times for compar-
ing muscle damage, inflammatory and oxidative stress markers between a placebo group
and a supplementation group [19,20]. For MVIC, CMJ and DOMS, maximal benefits of
polyphenols supplementation for accelerating recovery seem to occur at 48- and 72-h post-
exercise [20]. However, Carey et al. [3] demonstrated the ability of polyphenols to enhance
recovery of skeletal muscle strength and soreness four days post-EIMD, but specifically
with polyphenol treatments that contain flavonoids.

Goncalves et al. [21] reviewed 320 articles to summarize the effects of dietary phenolics
on physical performance and recovery in athletes and suggested that the impact of phenolic
supplementation is dependent on dose, nutritional habits, type of polyphenolics consumed,
redox status and training status of the individuals and the type of training. Other authors
have studied the supplementation of polyphenols in different health-related variables
(cardiovascular diseases, blood pressure, lipid biomarkers, or platelet aggregation) [22].
One experimental study analyzed the differences between sexes; however, conclusions
showed a lack of evidence in showing whether male and female athletes have the same
performance response after polyphenol intake [23]. Moreover, to our knowledge, until
today, no systematic review and meta-analysis has synthesized evidence on polyphenols
and recovery after EIMD exclusively in team sports athletes and, more specifically, in female
athletes. The objective of this systematic review and meta-analysis is to assess the effects
of consuming polyphenols on physical performance markers of muscle damage/soreness
(MVIC, CMJ, DOMS), blood markers of muscle damage (CK, CRP) and oxidative stress
markers (TBARS, TAC), looking for specific differences between sexes.
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2. Materials and Methods

This systematic review is presented following the Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA 2020). The study was assessed and reg-
istered on the International Prospective Register of Systematic Reviews (PROSPERO)
(CRD42021284599, 6 November 2021) [24].

2.1. Eligibility Criteria

For eligibility (inclusion/exclusion) criteria the PICOS model was applied [25]: P
(Population): “healthy young male and female team field sport athletes, excluding individ-
ual sports”; I (Intervention): “all polyphenol interventions were considered if they were
protocolized in conjunction with a training plan (the doses were systematically provided
to patients according to a predefined strategy)”; C (comparison): “studies comparing an
intervention or experimental group with a placebo group with similar characteristics”; O
(outcome): “a trial had to include physical performance tests after EIMD, muscle damage
biomarkers and/or oxidative stress biomarkers”, S (study): randomized control trials
studies with a parallel or a cross-over design published in English”.

2.2. Search Strategy

Studies that investigated the effects of polyphenols on recovery were identified by
conducting a structured individual search in the following databases from inception to
August 2021: Scopus, PubMed, Web of Science (WOS), SportDiscus and Cochrane. Specifi-
cally, the Scopus search equation was: ((“intermittent sports” OR “team sport” OR “team
sports” OR “soccer” OR “football” OR “field hockey” OR “lacrosse” OR “basketball” OR
“volleyball” OR “American football” OR “rugby” OR “baseball” OR “softball” OR “cricket”)
AND (“polyphenol” OR “polyphenols”) AND (“muscle damage” OR “muscle pain” OR
“muscle soreness”)).

2.3. Study Selection

The search for published studies was performed by one of the authors (MSD) and
disagreements were resolved through discussions between two of the authors (MSD and
JLC). The eligibility of the studies was performed in a standardized manner. All duplicates
were removed, as well as all other articles that were not clinical trials. Titles and abstracts
were screened and any relevant one that appeared to help this study was included. Studies
that satisfied the inclusion criteria were selected and the full text was reviewed.

2.4. Data Extraction

After applying the eligibility criteria, the following information was extracted from
each included study: source of the article (authors and year of publication), the study design
(parallel or crossover, blinded subjects, sample size), the characteristics of the population
(age, gender, sport, level) and the polyphenol supplementation used in each study (kind,
dose, duration, content).

Intending to perform a Meta-analysis with the Review Manager program [26], the
authors extracted data of means and standard deviations (SD) for selected outcomes (MVIC,
CMJ, DOMS, 20 m sprint, CK and CRP). Due to lack of precise variable data and the scarcity
of eligible studies to be included in the Meta-analysis, finally this could not be performed.
Risk of bias was examined using the Physiotherapy Evidence Database Scale (PEDro) [27].

3. Results
3.1. Study Selection

A total of 11 studies were identified for inclusion in this review. Ten out of the 11
were conducted exclusively in men and one had a mixed population. The search of Scopus,
PubMed, Web of Science (WOS) and SportDiscus identified 285 records. Of these, 124
were screened after removing 27 for duplication and 134 for the type of study (systematic
reviews and book chapters). After reviewing the titles and the abstracts 91 were removed
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because they did not meet the inclusion criteria. A total of 30 studies were examined and
22 were excluded (see flow diagram for reasons, Figure 1).
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3.2. Study Characteristics
3.2.1. Methods

Of the 11 studies included in the review seven had a parallel design and four em-
ployed a cross-over design (see Table 1). Participants were randomly positioned in either
a placebo group or an experimental group in all the selected studies. In eight of them, both
investigators and participants were blind to the treatment allocation and in three studies
investigators were aware of the treatment allocation.
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Table 1. RCT design characteristics for all studies included in this review.

Study Id Population Exposure to Polyphenols Exercise Outcomes Analyzed

Author/s-
Year

Study
Design

Characteristics
(Sample Size)

Age
Kind

Dose, Timing
Polyphenolic

Content EIMD Physical
Performance Test

Muscle Damage
Biomarkers

Oxidative Stress
Biomarkers

Jówko et al.,
2012 [28]

RCT
Double-

blind
Parallel

Local club soccer
players (n = 16)

22.4 ± 3.4

Green tea
polyphenols (GTP)
640 mg per 1 day

*
1 capsule:

Total of 320 mg
polyphenols,

including about
250 mg catechins

Muscle-endurance test n/a
Pre, 5 min and

24 h post:
↔ CK

Pre, 5 min and
24 h post:
↔ TBARS
↔ UA

↔ Total catechins
↔ TAS
↔ SOD

Bell et al.,
2016 [2]

RCT
Double-

blind
Parallel

Semi-professional
male soccer players

(n = 16)
25 ± 4 years

Montmorency tart
cherry concentrate

(MC)
2 × 30 mL per day

for 8 days

*
1000 mL:

Total flavonoids:
73.5 mg cyanidin-

3-glucoside
Total phenols:

178.8 mg of GAE

12 × 20 m sprint
followed by LIST

(6 × 15 min sections).

24, 48, 72 h post:
↑MVIC
↑ CMJ

↓ DOMS (VAS)
↑ 20 m sprint
↑ 5-0-5 Agility

0, 1, 3, 5, 24, 48,
72 h post:
↔ CK
↔ hsCRP

0, 1, 3, 5, 24, 48,
72 h post:
↔ LOOH

Clifford et al.,
2016 [16]

RCT
Double-

blind
Parallel

Collegiate male team
sports players (n = 20)
(Soccer (n = 10), rugby

(n = 5), basketball
(n = 2) hockey (n = 2)
or handball (n = 1))

21–23 years

Beetroot juice (BTJ)
2 × 250 mL per
day for 3 days

-
2 RST:

RST1 (20 × 30 m) and
RST2 (72 h later).

Pre, post, 24, 48 and
72 h after RST1 and
post and 24 h after

RST2:
↔MVIC
↑ CMJ
↑ RI
↔ PPT

Pre, post, 2.5, 24,
48 and 72 h after

RST1 and post, 2.5
and 24 h after

RST2:
↔ CK
↔ hsCRP

Pre, post, 2.5, 24,
48 and 72 h after

RST1 and post, 2.5
and 24 h after

RST2:
↔ PC
↔ LOOH
↔ A•−

Hadi et al.,
2016 [29]

RCT
Double-

blind
Parallel

University male
soccer players (n = 49)

18–25 years

Green tea extract
(GTE)

Sour tea extract
(STE)

450 mg per day for
6 weeks

- No specifications
given n/a

Pre and post (6
weeks):
↔ CK
↔ AST
↔ LDH

Pre and post
(6 weeks):
↑ TAC (STE)

Assunção
et al., 2018

[30]

RCT
Double-

blind
Parallel

Elite high school male
handball players

(n = 25)
18 ± 2.4 years

Syzygium cumini
(SC)/ jamelon

nectar
10 mL per

kilogram per day
for 28 days

-

4 w of periodization
of medium-intensity
endurance training,
maximal power and
speed, sport-specific
strength and power
and techno-tactical

skills.

Pre and post
(4 weeks):

↔ Vertical jump
height

↔ 20 m shuttle run
test

↔ Running anaerobic
sprint test (RAST)

Pre and post
(4 weeks):
↔ CK
↔ LDH

Pre and post
(4 weeks):
↔ TAC
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Table 1. Cont.

Study Id Population Exposure to Polyphenols Exercise Outcomes Analyzed

Author/s-Year Study
Design

Characteristics
(Sample Size)

Age
Kind

Dose, Timing
Polyphenolic

Content EIMD Physical
Performance Test

Muscle Damage
Biomarkers

Oxidative Stress
Biomarkers

Kupusarevic
et al., 2019 [31]

RCT
Double-

blind
Crossover

Rugby union (RU)
elite male players

(n = 10)
28 ± 4 years

Tart cherry juice
(TCJ)

2 × 30 mL per day
for 5 days (2 days
before, the day of

the match and
2 days after).

- RU 80 min match

24, 48, 72 h post:
↔ DOMS
↔ Subjective

wellbeing

n/a n/a

Abbott et al.,
2020 [32]

RCT
Double-

blind
Crossover

Professional male
soccer players

(n = 10)
19 ± 1 years

Tart cherry juice
(TCJ)

2 × 30 mL per day
per 3 days

- 90-min soccer match

12, 36, 60 h post:
↔ CMJ
↔ DOMS
↔ RSI

↔ Subjective
wellbeing

n/a n/a

Quinlan et al.,
2019 [33]

RCT
Single-blind

Parallel

Team sports male
(n = 8) and female

(n = 12) players
(Soccer, hockey, or

netball)
26 ± 4 years

Tart cherry juice
(TCJ)

2 × 30 mL per day
for 8 days

-
LIST (6 × 15 min

sections) followed by
12 × 20 m sprint.

Pre and 1, 24, 48 h
post:
↑MVIC
↑ Agility
↑ CMJ
↓ DOMS
↑ 20 m sprint

Pre and 1, 24, 48 h
post:
↔CK
↔ CRP

n/a

Morehen et al.,
2021 [34]

RCT
Single-blind
Crossover

Professional Rugby
male players (n = 11)

18 ± 1 years

Montmorency
cherry juice (MC)

2 × 30 mL per day
for 7 days (5 days
before and 2 after

the match)

*
30 mL:

320 mg of
anthocyanins

RU match
24 pre, 24 and 48 h

post:
↔ CMJ
↔ DOMS

n/a n/a

Martins et al.,
2020 [35]

RCT
Double-

blind
Crossover

National
competitors’ male
volleyball players

(n = 12)
16 ± 0.6 years

Grape juice (GJ)
400 mL per day for

14 days

*
2.08 ± 0.02 g

EAG/L
Total flavonoids:

0.258 ± 0.00 g
EQ/L

3 volleyball match
simulations

Pre and post each
match:

↔ Vertical jump
height

↔ Handgrip strength
(HG)

Pre and post each
match:
↔ CK

Pre and post each
match:
↓ TBARS
↔ Carbonyls
↓ DNA damage
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Table 1. Cont.

Study Id Population Exposure to Polyphenols Exercise Outcomes Analyzed

Author/s-Year Study
Design

Characteristics
(Sample Size)

Age
Kind

Dose, Timing
Polyphenolic

Content EIMD Physical
Performance Test

Muscle Damage
Biomarkers

Oxidative Stress
Biomarkers

Stankiewicz
et al., 2021 [36]

RCT
Double-

blind
Parallel

Semi-professional
male soccer players

(n = 20)
15.8 ± 0.7 years

Chokeberry juice
2 × 100 mL per
day for 7 weeks

*
165.3 mg/100 mL
of anthocyanins

Regular physical
training program

(microcycle) during
the 7 w of

supplementation.

“The beep test”:
Pre and post the 7-w

supplementation
period, maximal
multistage 20-m
shuttle run test

Before and after 7
weeks:

↔ 20 m sprint
n/a

0, 3, 24 h post the
beep test.
↔ TAC
↔ TBARS
↔ 8-OHdG

* content stated in the study; - content not stated; n/a not applicable;↔ no significant difference; ↑ significantly higher from the placebo group; ↓ significantly lower from the placebo
group; abbreviations: RCT, randomized controlled trials; CK, creatine kinase; TBARS, thio-barbituric acid; UA, uric acid; TAS, total antioxidant status; SOD, superoxide dismutase; GAE,
gallic acid equivalent; LIST, Loughborough intermittent shuttle test; MVIC, maximal isometric voluntary contraction; CMJ, countermovement jump; DOMS, delayed onset muscle
soreness; hsCRP, high-sensitivity C-reactive protein; LOOH, lipid hydro-peroxides; RST, repeated sprint test; RI, reactive strength index; PPT, pressure-pain threshold; PC, protein
carbonyls; A-, ascorbyl free radical; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; TAC, total antioxidant capacity.
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3.2.2. Participants

A total of 209 participants were included. 141 of them were collegiate or semi-
professional team sport athletes and 68 were elite or professional team sport athletes.
Only one of the studies had a mixed sample and included female participants (12 women
and 8 men), although sex comparation analysis were not conducted. The age range of the
studies included in the review was around 15–30 years.

3.2.3. Intervention

As mentioned above, all studies compared a placebo group with an experimental
one that consumed a polyphenol-rich concentrate or supplements such as the following:
green tea extract (GT) [28,29], Montmorency tart cherry concentrate (MC) [2,34], beetroot
juice (BTJ) [16], jamelon nectar [30], tart cherry juice (TCJ) [32,33], grape juice (GJ) [35] and
chokeberry juice [36].

3.3. Outcomes
3.3.1. Physical Performance

Of the 11 studies included in the systematic review three measured MVIC [2,16,33],
five CMJ [2,16,32–34], four sprint speed (20 or 30 m) [2,30,33,36] and five used DOMS as
a marker of muscle soreness [2,31–34] (see Table 1).

3.3.2. Muscle Damage Biomarkers

Of the 11 studies, seven evaluated CK [2,16,28–30,33,35], three evaluated CRP [2,16,33],
two evaluated LDH [29,30] and one evaluated AST [29] (see Table 1).

3.3.3. Oxidative Stress Biomarkers

Seven out of the 11 studies evaluated oxidative stress biomarkers. Three evaluated thio-
barbituric acid–reacting substances (TBARS) [28,35,36]; four evaluated total antioxidant
status (TAS) [28] or total antioxidant capacity (TAC) [29,30,36]; and two evaluated lipid
hydroperoxides (LOOH) [2,16] (see Table 1).

3.4. Risk of Bias

The quality analysis (Physiotherapy Evidence Database Scale (PEDro) checklist)
yielded the following results (see Table 2): (a) The quality scores ranged from 6 to 10;
(b) The average score was 8.7; (c) Of the 11 included studies, five were categorized as
“very high quality” (10 points), three were categorized as “high quality” (8–9 points) and
three were categorized as “medium quality” (6–7 points). The highest scores were in the
following items: no. 2 (random allocation), no. 5 (blinded subjects), no. 10 (between-group
statistical comparisons) and no. 11 (points estimates and variability). On the other hand,
the lowest scores were in items: no. 1 (eligibility criteria) and no. 3 (concealed allocation). It
is important to consider that no. 1 criterion is not used to calculate the PEDro score (Table 2.
PEDro scale [27]).
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Table 2. Risk of bias graph: Review of authors’ judgment on each risk of bias item from PEDro scale presented as percentages across all included studies.

Jówko
et al.,

2012 [28]

Bell et al.,
2016 [2]

Clifford
et al.,

2016 [16]

Hadi
et al.,

2016 [29]

Assunção
et al.,

2018 [30]

Kupusarevic
et al.,

2019 [31]

Abbott
et al.,

2020 [32]

Quinlan
et al.,

2019 [33]

Morehen
et al., 2021

[34]

Martins
et al.,

2020 [35]

Stankiewicz
et al., 2021

[36]

Studies Meeting
Criterion n (%)

1.Eligibility criteria • • • • • • • • • • • 6
(55%)

2.Randomized allocation • • • • • • • • • • • 11
(100%)

3.Concealed allocation • • • • • • • • • • • 7
64%)

4.Comparable at baseline • • • • • • • • • • • 9
(82%)

5.Blinded subjects • • • • • • • • • • • 11
(100%)

6.Blinded therapists • • • • • • • • • • • 9
(82%)

7.Blinded assessors • • • • • • • • • • • 9
(82%)

8.Adequate follow-up • • • • • • • • • • • 9
(82%)

9.Intention to treat
analysis • • • • • • • • • • • 9

(82%)

10.Between-group
comparisons • • • • • • • • • • • 11

(100%)

11.Point estimates and
variability • • • • • • • • • • • 11

(100%)

Total points 10
(100%)

6
(60%)

9
(90%)

10
(100%)

10
(100%)

9
(90%)

10
(100%)

7
(70%)

8
(80%)

10
(100%)

7
(70%)

Note: • indicates low risk of bias, • indicates high risk of bias.
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3.5. Synthesis of Results
3.5.1. Physical Performance Tests Findings in This Review

Table 1 shows that in two [2,33] out of the three [2,16,33] studies that evaluated
MVIC, results were significantly higher compared to the placebo group. CMJ was sig-
nificantly higher in the experimental group compared to placebo in three [2,16,33] of the
five [2,16,32–34] studies that evaluated that variable. Of the four studies that evaluated
sprint speed (20 or 30 m) [2,30,33,36], two [2,33] had a significantly positive effect on the
experimental group. DOMS and three [31,32,34] of the five [2,31–34] who included the
variable had no significant differences.

No sex differences were analyzed in any physical performance variables (CMJ, MVIC
and 20 m sprint) measured in the study that included female athletes. However, in the
same study, all the physical performance tests (see Table 1) had a significantly positive
result in the experimental group compared to the placebo [33]

3.5.2. Effect of Polyphenols on Muscle Damage Biomarkers

Seven of the studies evaluated CK [2,16,28–30,33,35] and none of them found sig-
nificant differences when comparing an experimental group with a placebo. Moreover,
three evaluated CRP [2,16,33] and none showed significant results. One evaluated AST [29],
two LDH [29,30], and none showed significance at any level.

3.5.3. Oxidative Stress Biomarkers Findings in This Review

Only one [35] of the three [28,35,36] studies that evaluated TBARS found a significant
decrease compared to placebo. The study that evaluated TAS [2] was the only one that found
significant differences and the other three studies [29,30,36] that evaluated TAC instead of
TAS found no changes in the results compared to placebo. Polyphenol consumption had
no effects on LOOH [2,16] (see Table 1).

4. Discussion

To the best of the authors’ knowledge, this is the first systematic review to investigate
the effects of polyphenolic supplement ingestion after EIMD in team sports players. The
review of the 11 studies shows that the consumption of polyphenols has a statistically
significant positive impact on physical performance tests and a positive but not statistically
significant effect on muscle damage biomarkers after EIMD in team sports players (see
Table 1). However, evidence, in general, is moderate to very low and inconsistent, especially
for oxidative stress biomarkers.

Tart cherry is one of the most commonly used polyphenolic-rich food supplements for
its anti-inflammatory and antioxidant capacity [12]. Vitale et al. [12] summarized data from
11 studies using TC. They suggested that its supplementation in athletes in a state where
the priority is recovery and not adaptation may be beneficial, especially during excessive
inflammatory/oxidative stress during single-day intense training/competition or multiday
tournaments [12]. In this review, five [2,31–34] of the 11 studies used a dose of 30 mL twice
a day of TC supplementation. However, methodological differences between studies were
seen in the number of days and the type of EIMD applied. A 3-day TC supplementation
before and after (12–60 h post) a 90 min soccer match showed no group differences for
muscle damage biomarkers (CMJ, RSI, MS) and subjective wellbeing [32]. Twice-daily
consumption of TC before and after an 80 min RU match did not attenuate MS or alter
wellbeing in the following 3 days [31]. Supplementation of 60 mL/day of MC in rugby
players for 7 days showed no effects of TC on markers of muscle soreness and function [34].
In addition, Bell et al. [2] evaluated the same dose of TC during 8-day supplementation
and in semi-professional male soccer players after completing an adapted LIST version.
Results showed no group differences in hsCRP, LOOH and CK. Nevertheless, at 48 h, the
TC group sprint time was significantly lower; the experimental group also had higher
physical performance indices of CMJ, MVIC and 5-0-5 agility, specifically 72 h post-exercise;
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moreover, DOMS was lower compared to the PLA group [2]. The results mentioned
before contrast with Bell et al. [37] where MVIC in trained cyclists did not change at 72 h
post-exercise. The findings of Bell et al. [2] are consistent with Quinlan et al. [33]. They
demonstrated that TC in the same dose (2 × 30 mL/day during 8 days) in different team
sports players (soccer, hockey and netball) accelerates recovery (p < 0.05) at 24 and 48 h
post-LIST in a 20-m sprint, CMJ and MVIC, without differences throughout recovery for
DOMS, CRP and CK [33]. Morgan et al. [17] also found improvements in recovery of CMJ
up to 48 h post-exercise; however, they used cocoa as a polyphenolic-rich supplement.

The above, in terms of timing, is consistent with Doma et al.’s [19] systematic review
and meta-analysis; they showed that MVIC was significantly greater for the supplemen-
tation condition than placebo at 24 and 48 h post-EIMD. Another systematic review and
meta-analysis by Rickards et al. [20] studied the effects of consuming polyphenol after
EIMD using MVIC and CMJ as primary markers of muscle damage and DOMS as a pri-
mary marker of muscle soreness. They observed that the maximal benefits for accelerating
recovery of muscle function while reducing muscle soreness after consuming polyphenol-
rich foods, juices and concentrates occurred at 48 and 72 h post-exercise [20]. Moreover,
Carey et al. [3] demonstrated the ability of polyphenols to enhance recovery of skeletal mus-
cle strength and soreness four days post-EIMD, but specifically with polyphenol treatments
that contain flavonoids.

It might be interesting to take into account the origin of the supplement. Considering
that the kind or storage time or form (raw, frozen, dehydrated, cooked, etc.) of the food
can vary the polyphenol concentration, studies must report that matter. All articles in this
review reported the kind (green tea extract, Montmorency tart cherry concentrate, beetroot
juice, etc.), dose, timing and form of the polyphenol supplementation (see Table 1), but
none reported the storage time. Moreover, it is necessary to know the concentration of the
specific type of polyphenol according to the chemical structure subclassification (stilbenes,
lignans, phenolic acids, or flavonoids) [9,10]. It is necessary to report the concentration
to make a more accurate comparison of the relationship between dose and effect. In
addition, comparing the automated oxygen radical absorbance capacity (ORAC) of the
different supplements used in the included articles would help make a much more realistic
comparison [38].

Clifford et al. [16] tested the effects of BTJ using a 250 mL dose twice a day for 3 days.
They evaluated the impact of polyphenols on recovery between 2 RST with players of
different team sports. After muscle damage, CMJ height appeared to recover quicker in
BTJ vs. PLA (p = 0.048). The maintenance of RI performance was also significantly greater
in the experimental group (p = 0.030). However, for MVIC, CK, hs-CRP, PC and other
oxidative stress biomarkers, there were no group or interaction effects [16]. In addition, BTJ
for 3 days after a marathon race does not attenuate muscle soreness, enhance the recovery
of muscle function or attenuate biochemical markers of inflammation and muscle damage
in marathon runners [39].

One of the problems that caught the authors’ attention was the remarkably low
participation of females in this review. Sex-specific differences might exist in the effects of
polyphenols on performance and recovery in intermittent sports. Nevertheless, as already
mentioned, studies performed on female athletes in team sports are scarce, as well as those
comparing and analyzing the differences between sexes. In this regard, in a meta-analysis
by Rickards et al. [20], a relation of 4:1 was observed with only female participation. In
another review conducted by Di Lorenzo et al. [22], 37 studies were included, only four were
performed in a female-only population and three out of the four did not obtain significant
differences between the group that took the polyphenols and the control group. On the
other hand, in the same review, nine of the 37 studies analyzed were conducted in males
and four obtained positive effects on different variables when consuming polyphenols [22].
Only one study examined the differences between sexes, having positive results [22]. On
the contrary, a study performed with runners showed no sex differences when consuming
beetroot juice in enhancing performance [23]. In this review, Quinlan et al. [33] is the
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only one of the 11 selected studies that included female team sport athletes; however, no
methodological analysis took gender into account throughout the study.

Few sex differences have been seen in different parameters and variables related to
the topic. Some evidence suggests that 8-day TC supplementation in an exclusively female
population may be a practical nutritional intervention to help attenuate the symptoms
of muscle damage and improve recovery (especially on CMJ) [40]. Studies differentiat-
ing sex or exclusively in females are few to none even though a higher consumption of
polyphenol-rich food products by the female population has been demonstrated and it is
known that the ability/impact of polyphenol supplements may be affected by the intake
of dietary polyphenols [20,41]. Moreover, it is important to consider the menstrual cycle
and that the female hormone estrogen has a possible impact on reducing the inflammatory
response of the muscle. Therefore, further investigation is required to determine specific
recommendations according to gender [42,43].

4.1. Limitations

The main limitation of this systematic review was the scarcity of studies on polyphe-
nolic supplementation in team sports players, resulting in a lack of data for the selected
variables. As mentioned before, the authors intended to present a meta-analysis. However,
they ran into limitations of a lack of available raw data in the published articles, followed
by difficulty contacting some of the authors to ask for the missing information. Another
limitation was related to the protocols used in the different studies resulting in an inability
to compare variables (e.g., not presenting the mean and standard deviation of its results, or
different pain scales applied for DOMS). The authors developed a forest plot that included
two variables (CK and CRP) from two studies [2,16]; however, due to the scarcity of data
followed by high heterogeneity, the authors decided to exclude the Meta-analysis from this
study. For those reasons, the results of this systematic review must be interpreted carefully.
Furthermore, findings demonstrate the need for more well-designed studies with clear
variables that can be interpreted together and, of course, more female samples.

4.2. Future Research

To understand better the effects of polyphenolic supplement ingestion after EIMD in
team sports players, further investigation is required considering the following recommen-
dations: (1) selection of athletes according to the type of sport; (2) application of a general
protocol of polyphenol supplementation, including the specific kind and concentration
of polyphenol supplement used following the laboratory analysis data (to avoid the risk
of relying on claims made on the label or by the manufacturer); (3) inclusion of more
female athletes.

5. Conclusions

Results of this systematic review have shown moderate to very low certainty that
polyphenol supplementation improves performance and muscle function and reduces mus-
cle soreness and oxidative stress biomarkers of team sport athletes after EIMD, especially
when rapid recovery is required.

A dose of 60 mL/day during 7 days of polyphenolic supplementation appears to have
a positive effect in accelerating recovery following prolonged, repeat sprint activity, such
as soccer and rugby. However, further investigation is required to clarify the duration
and dose.

Polyphenol supplementation does not appear to reduce creatine kinase (CK) and
C-reactive protein (CRP) at 0, 1, 24 and 72 h post EIMD in team sport athletes. How-
ever, further investigation is required to clarify the effects of polyphenols on muscle
damage biomarkers.



Nutrients 2022, 14, 4085 13 of 14

Author Contributions: Conceptualization, M.S.D., O.L.T., V.E.F.-E. and J.L.C.; Methodology, M.S.D.,
J.L.C., A.M.-C.; Software, M.S.D., A.M.-C.; Formal Analysis, M.S.D., A.M.-C.; Investigation, M.S.D.,
J.L.C., A.M.-C., O.L.T., V.E.F.-E.; Data Curation, M.S.D., A.M.-C.; Writing—Original Draft Preparation,
M.S.D., J.L.C., A.M.-C.; Writing—Review & Editing, M.S.D., J.L.C., A.M.-C., O.L.T., V.E.F.-E.; Supervi-
sion, J.L.C., O.L.T., V.E.F.-E.; Project Administration, M.S.D. and J.L.C.; Funding Acquisition, V.E.F.-E.,
O.L.T., J.L.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Baker, L.; Rollo, I.; Stein, K.; Jeukendrup, A. Acute Effects of Carbohydrate Supplementation on Intermittent Sports Performance.

Nutrients 2015, 7, 5733–5763. [CrossRef] [PubMed]
2. Bell, P.; Stevenson, E.; Davison, G.; Howatson, G. The Effects of Montmorency Tart Cherry Concentrate Supplementation on

Recovery Following Prolonged, Intermittent Exercise. Nutrients 2016, 8, 441. [CrossRef] [PubMed]
3. Carey, C.C.; Lucey, A.; Doyle, L. Flavonoid Containing Polyphenol Consumption and Recovery from Exercise-Induced Muscle

Damage: A Systematic Review and Meta-Analysis. Sports Med. 2021, 51, 1293–1316. [CrossRef]
4. Jamurtas, A. Exercise-Induced Muscle Damage and Oxidative Stress. Antioxidants 2018, 7, 50. [CrossRef]
5. Fisher-Wellman, K.; Bloomer, R.J. Acute exercise and oxidative stress: A 30 year history. Dyn. Med. 2009, 8, 1. [CrossRef]
6. Harty, P.S.; Cottet, M.L.; Malloy, J.K.; Kerksick, C.M. Nutritional and Supplementation Strategies to Prevent and Attenuate

Exercise-Induced Muscle Damage: A Brief Review. Sport. Med.—Open 2019, 5. Available online: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC6323061/#CR88 (accessed on 18 June 2022). [CrossRef]

7. Owens, D.J.; Twist, C.; Cobley, J.N.; Howatson, G.; Close, G.L. Exercise-induced muscle damage: What is it, what causes it and
what are the nutritional solutions? Eur. J. Sport Sci. 2018, 19, 71–85. [CrossRef]

8. Somerville, V.; Bringans, C.; Braakhuis, A. Polyphenols and Performance: A Systematic Review and Meta-Analysis. Sports Med.
2017, 47, 1589–1599. [CrossRef]

9. Bowtell, J.; Kelly, V. Fruit-Derived Polyphenol Supplementation for Athlete Recovery and Performance. Sports Med. 2019, 49,
3–23. [CrossRef]

10. Ding, S.; Jiang, H.; Fang, J. Regulation of Immune Function by Polyphenols. J. Immunol. Res. 2018, 2018, 1264074. Available online:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5925142/ (accessed on 10 September 2021). [CrossRef]

11. Kashi, D.S.; Shabir, A.; Da Boit, M.; Bailey, S.J.; Higgins, M.F. The Efficacy of Administering Fruit-Derived Polyphenols to Improve
Health Biomarkers, Exercise Performance and Related Physiological Responses. Nutrients 2019, 11, 2389. [CrossRef] [PubMed]

12. Vitale, K.C.; Hueglin, S.; Broad, E. Tart Cherry Juice in Athletes. Curr. Sport. Med. Rep. 2017, 16, 230–239. [CrossRef]
13. Connolly, D.A.J. Efficacy of a tart cherry juice blend in preventing the symptoms of muscle damage. Br. J. Sport. Med. 2006, 40,

679–683. [CrossRef] [PubMed]
14. Trombold, J.R.; Reinfeld, A.S.; Casler, J.R.; Coyle, E.F. The effect of pomegranate juice supplementation on strength and soreness

after eccentric exercise. J. Strength Cond. Res. 2011, 25, 1782–1788. Available online: https://pubmed.ncbi.nlm.nih.gov/21659887/
(accessed on 12 June 2020). [CrossRef] [PubMed]

15. McLeay, Y.; Barnes, M.J.; Mundel, T.; Hurst, S.M.; Hurst, R.D.; Stannard, S.R. Effect of New Zealand blueberry consumption on
recovery from eccentric exercise-induced muscle damage. J. Int. Soc. Sport. Nutr. 2012, 9, 19. [CrossRef] [PubMed]

16. Clifford, T.; Berntzen, B.; Davison, G.; West, D.; Howatson, G.; Stevenson, E. Effects of Beetroot Juice on Recovery of Muscle
Function and Performance between Bouts of Repeated Sprint Exercise. Nutrients 2016, 8, 506. [CrossRef] [PubMed]

17. Morgan, P.; Wollman, P.; Jackman, S.; Bowtell, J. Flavanol-Rich Cacao Mucilage Juice Enhances Recovery of Power but Not
Strength from Intensive Exercise in Healthy, Young Men. Sports 2018, 6, 159. [CrossRef]

18. Hutchison, A.T.; Flieller, E.B.; Dillon, K.J.; Leverett, B.D. Black Currant Nectar Reduces Muscle Damage and Inflammation
Following a Bout of High-Intensity Eccentric Contractions. J. Diet. Suppl. 2014, 13, 1–15. [CrossRef]

19. Doma, K.; Gahreman, D.; Connor, J. Fruit supplementation reduces indices of exercise-induced muscle damage: A systematic
review and meta-analysis. Eur. J. Sport Sci. 2020, 21, 1–36. [CrossRef]

20. Rickards, L.; Lynn, A.; Harrop, D.; Barker, M.E.; Russell, M.; Ranchordas, M.K. Effect of Polyphenol-Rich Foods, Juices, and
Concentrates on Recovery from Exercise Induced Muscle Damage: A Systematic Review and Meta-Analysis. Nutrients 2021,
13, 2988. [CrossRef]

21. Gonçalves, A.C.; Gaspar, D.; Flores-Félix, J.D.; Falcão, A.; Alves, G.; Silva, L.R. Effects of Functional Phenolics Dietary Supplemen-
tation on Athletes’ Performance and Recovery: A Review. Int. J. Mol. Sci. 2022, 23, 4652. [CrossRef] [PubMed]

http://doi.org/10.3390/nu7075249
http://www.ncbi.nlm.nih.gov/pubmed/26184303
http://doi.org/10.3390/nu8070441
http://www.ncbi.nlm.nih.gov/pubmed/27455316
http://doi.org/10.1007/s40279-021-01440-x
http://doi.org/10.3390/antiox7040050
http://doi.org/10.1186/1476-5918-8-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6323061/#CR88
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6323061/#CR88
http://doi.org/10.1186/s40798-018-0176-6
http://doi.org/10.1080/17461391.2018.1505957
http://doi.org/10.1007/s40279-017-0675-5
http://doi.org/10.1007/s40279-018-0998-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5925142/
http://doi.org/10.1155/2018/1264074
http://doi.org/10.3390/nu11102389
http://www.ncbi.nlm.nih.gov/pubmed/31591287
http://doi.org/10.1249/JSR.0000000000000385
http://doi.org/10.1136/bjsm.2005.025429
http://www.ncbi.nlm.nih.gov/pubmed/16790484
https://pubmed.ncbi.nlm.nih.gov/21659887/
http://doi.org/10.1519/JSC.0b013e318220d992
http://www.ncbi.nlm.nih.gov/pubmed/21659887
http://doi.org/10.1186/1550-2783-9-19
http://www.ncbi.nlm.nih.gov/pubmed/22564864
http://doi.org/10.3390/nu8080506
http://www.ncbi.nlm.nih.gov/pubmed/27548212
http://doi.org/10.3390/sports6040159
http://doi.org/10.3109/19390211.2014.952864
http://doi.org/10.1080/17461391.2020.1775895
http://doi.org/10.3390/nu13092988
http://doi.org/10.3390/ijms23094652
http://www.ncbi.nlm.nih.gov/pubmed/35563043


Nutrients 2022, 14, 4085 14 of 14

22. Di Lorenzo, C.; Colombo, F.; Biella, S.; Stockley, C.; Restani, P. Polyphenols and Human Health: The Role of Bioavailability.
Nutrients 2021, 13, 273. [CrossRef] [PubMed]

23. Casado, A.; Domínguez, R.; Fernandes da Silva, S.; Bailey, S.J. Influence of Sex and Acute Beetroot Juice Supplementation on
2 KM Running Performance. Appl. Sci. 2021, 11, 977. [CrossRef]

24. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An Updated Guideline for Reporting Systematic Reviews. Br. Med. J. 2021,
372, n71. [CrossRef]

25. O’Connor, D.A.; Green, S.E.; Higgins, J.P.T. Defining the review question and developing criteria for including studies. In Cochrane
Handbook for Systematic Reviews of Interventions; John Wiley & Sons: West Sussex, UK, 2008; pp. 83–94. Available online: https://
research.monash.edu/en/publications/defining-the-review-question-and-developing-criteria-for-includin (accessed on 29 July 2022).

26. RevMan 5. Available online: https://training.cochrane.org/online-learning/core-software/revman/revman-5-download (ac-
cessed on 13 January 2022).

27. PEDro Scale (English). PEDro. 2019. Available online: https://www.pedro.org.au/english/downloads/pedro-scale/ (accessed
on 27 August 2022).

28. Jówko, E.; Sacharuk, J.; Bałasinska, B.; Wilczak, J.; Charmas, M.; Ostaszewski, P.; Charmas, R. Effect of a Single Dose of Green Tea
Polyphenols on the Blood Markers of Exercise-Induced Oxidative Stress in Soccer Players. Int. J. Sport Nutr. Exerc. Metab. 2012,
22, 486–496. [CrossRef] [PubMed]

29. Hadi, A.; Pourmasoumi, M.; Kafeshani, M.; Karimian, J.; Maracy, M.R.; Entezari, M.H. The Effect of Green Tea and Sour Tea
(Hibiscus sabdariffa L.) Supplementation on Oxidative Stress and Muscle Damage in Athletes. J. Diet. Suppl. 2016, 14, 346–357.
[CrossRef]

30. Assunção Carvalho, L.C.S.; de Freitas, M.C.; Silva, A.S.; Biasoto, A.C.T.; Martins, M.D.C.C.E.; de Moura, R.C.; Brito, A.K.D.S.;
Silva, A.S.V.E.; Ribeiro, S.L.G.; Rossi, F.E.; et al. Syzygium cumini NectarSupplementation Reduced Biomarkers of Oxidative Stress,
Muscle Damage, and Improved Psychological Response in Highly Trained Young Handball Players. Front. Physiol. 2018, 9, 1508.
[CrossRef]

31. Kupusarevic, J.; McShane, K.; Clifford, T. Cherry Gel Supplementation Does Not Attenuate Subjective Muscle Soreness or Alter
Wellbeing Following a Match in a Team of Professional Rugby Union players: A Pilot Study. Sports 2019, 7, 84. [CrossRef]

32. Abbott, W.; Brashill, C.; Brett, A.; Clifford, T. Tart Cherry Juice: No Effect on Muscle Function Loss or Muscle Soreness in
Professional Soccer Players After a Match. Int. J. Sport. Physiol. Perform. 2019, 15, 1–21. [CrossRef]

33. Quinlan, R.; Hill, J.A. The Efficacy of Tart Cherry Juice in Aiding Recovery After Intermittent Exercise. Int. J. Sport. Physiol.
Perform. 2019, 15, 368–374. Available online: https://www.ncbi.nlm.nih.gov/pubmed/31614329 (accessed on 7 December 2021).
[CrossRef]

34. Morehen, J.C.; Clarke, J.; Batsford, J.; Barrow, S.; Brown, A.D.; Stewart, C.E.; Morton, J.P.; Close, G.L. Montmorency tart cherry juice
does not reduce markers of muscle soreness, function and inflammation following professional male rugby League match-play.
Eur. J. Sport Sci. 2020, 21, 1003–1012. [CrossRef] [PubMed]

35. Martins, N.C.; Dorneles, G.P.; Blembeel, A.S.; Marinho, J.P.; Proença, I.C.T.; da Cunha Goulart, M.J.V.; Moller, G.B.; Marques, E.P.;
Pochmann, D.; Salvador, M.; et al. Effects of grape juice consumption on oxidative stress and inflammation in male volleyball
players: A randomized, double-blind, placebo-controlled clinical trial. Complement. Ther. Med. 2020, 54, C102570. Available
online: https://pubmed.ncbi.nlm.nih.gov/33183673/ (accessed on 5 August 2021). [CrossRef] [PubMed]
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