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ABSTRACT: Exercise-induced muscular overload can trigger delayed onset muscle soreness (DOMS). DOMS is related to
the indiscriminate use of analgesics and nonsteroidal anti-inflammatory drugs without proper guidance, decreased physical
exercise adherence and degenerating sports performance, increased risk of injury, and reduced muscle strength and func-
tion. Dietary anthocyanins have been extensively studied as potential natural treatments for DOMS, but the indication,
dosage, and form of use remain highly variable. Therefore, this review aims to synergize and present evidence relating to
the effect of anthocyanins on DOMS in clinical studies. Notably, the results of anthocyanin supplementation for DOMS
were found to be inconclusive. The use of protocols with lower anthocyanin doses yielded better results than those with
high-dose supplements, suggesting that anthocyanin-rich foods are more accessible as therapeutic tools, leading to the
conclusion that these foods could be used to prevent and treat DOMS. However, consumption protocols for this purpose

are not yet well established, and the answer is dependent on the methodological quality of future studies.
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INTRODUCTION

Physical exercise has numerous well-known health ben-
efits that have been scientifically proven in clinical trials;
it reduces premature mortality and contributes to the
prevention of several diseases (Booth et al., 2012;
Warburton and Bredin, 2017). According to the standard
guidelines, to reap the benefits of exercise, individuals
should engage in at least 150~300 min of moderate
physical exercise per week or 75~150 min of vigorous
physical exercise per week in sessions lasting at least 10
min (Haskell et al., 2007; Guthold et al., 2018).

During exercise, muscle overload is applied, which can
vary depending on the exercise duration, modality, stim-
ulus speed, frequency, and several other factors (Peake et
al., 2017). This muscle overload can cause homeostatic
alterations and local microtrauma (Appell et al., 1992;
Luti et al., 2020). The occurrence of local microtrauma
usually triggers delayed onset muscle soreness (DOMS)
(Armstrong, 1984; Tokinoya et al., 2020). Although re-
search is being conducted to determine the role of DOMS
in the muscle adaptation process, such mechanisms are

still in their beginning (Schoenfeld, 2012). Regarding the
aspects related to athletic performance, the literature is
vast in addressing harmful effects based on the magni-
tude and duration of DOMS, such as indiscriminate use
of analgesics and nonsteroidal anti-inflammatory drugs
without proper guidance, decreased physical exercise ad-
herence and degenerating sports performance, increased
risk of injury, and reduced muscle strength and function
(Jalalvand et al., 2012; Pearcey et al., 2015; Lundberg
and Howatson, 2018).

Lifestyle factors, such as hydration, adequate sleep, and
proper eating habits, can optimize muscle recovery and
minimize soreness (Evans, 1991; Quintero et al., 2018).
In addition, dietary bioactive compounds have been ex-
tensively studied as important adjuvants to muscle re-
covery after exercise-induced muscle damage (EIMD)
and may act to reduce DOMS owing to their potential
antioxidant, anti-inflammatory, and regulatory activities
(Ranchordas et al., 2017). These components are found
in plant-based foods and comprise polyphenol groups,
such as flavonoids, phytosterols, glucosinolates, and car-
otenoids (Angelo and Jorge, 2007).
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Restoring homeostasis by consuming bioactive com-
pound-rich foods can encourage the use of effective and
safe strategies to control the adverse outcomes resulting
from EIMD, such as muscle soreness. Among the several
varieties of bioactive compounds, anthocyanin supple-
mentation—one of the main classes of flavonoids—is
widely studied for its supposed effects on muscle recov-
ery (Bongiovanni et al., 2020), but the indication, dosage,
and form of use remain highly variable, making it difficult
to truly understand the role of these supplements and
their indications based on the level of evidence. There-
fore, this narrative review aims to gather and discuss
available evidence about the effect of anthocyanins on
DOMS in humans, as well as to identify the consistency
of this information about the requirements for an effec-
tive and safe prescription.

MATERIALS AND METHODS

Despite being a narrative review, some search criteria
were established to allow for the tracking of studies that
would answer the main objective of this study. The re-
search on the effect of anthocyanins on DOMS was com-
piled using the PubMed, Virtual Health Library, and Goo-
gle Scholar databases and included works published be-
tween 2010 and 2021. However, the mechanisms and
concepts involving DOMS have been described without
time restrictions.

Various combinations of the following terms were per-
formed: “muscle damage” OR “muscle damage induced
by exercise” AND “supplementation” OR “nutrition”
AND “antioxidants” OR “anthocyanins”. In all research
platforms, the papers were selected based on the follow-
ing criteria: 1) intervention studies conducted with hu-
mans; 2) mandatory assessment of muscle soreness; and
3) containing the dosage of anthocyanins from the sup-
plements and food used for the intervention. The selected
articles were presented and discussed in the topic “An-
thocyanin-rich foods and supplements to prevent or treat
Delayed Onset Muscle Soreness” of this review.

First mention

For the other topics of this review, the papers and infor-
mation included were not obtained from a specific search
criterion. However, all information was gathered from an
extensive literature search and included in the present
study to provide a broader and more complete view of the
subject discussed.

RESULTS AND DISCUSSION

Mechanisms of DOMS

When searching for “delayed onset muscle soreness” on
scientific websites, the oldest study that this term can
track was conducted in 1983. However, performing a
deeper search revealed that interest in this theme began
in 1902 when the physician Dr. Hough (1902) published
a work entitled “Ergographic studies in muscular sore-
ness”. For the first time, soreness was suggested to be
unrelated to fatigue intensity —which was already com-
monly studied at that time—but with muscle ruptures
resulting from physical exercise. Since then, numerous
authors have turned their attention to the mechanism of
DOMS to clarify its etiology and several factors that per-
meate this mechanism.

Over the decades, the term has been increasingly used,
and the nuances of this mechanism have been explored
(Fig. 1) (Hough, 1902; Hill, 1951; Abbott et al., 1952;
Asmussen, 1956; Fridén et al., 1983; Schwane et al., 1983;
Armstrong, 1984; Donnelly et al., 1988; Maughan et al.,
1989; Armstrong, 1990; Donnelly et al., 1990; Evans,
1991; Hertel, 1997; Almekinders, 1999). DOMS is now
recognized as a phenomenon that can occur in situations
of atypical exercise, resulting in ultra-structural muscle
injury, for example, individuals who start an activity after
a sedentary period and active people who change the in-
tensity of training or participate in competitions that pro-
mote physical stimulation higher than usual (Hotfiel et
al., 2018). Despite extensive research, the exact mecha-
nism of DOMS remains unknown. The process of mus-
cle damage and recovery associated with physical exer-
cise involves complex structures and systems that require
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Fig. 1. Concepts and authors in-
volved in the development of the
first reported DOMS mechanisms.
DOMS, delayed onset muscle sore-
ness; EIMD, exercise-induced mus-
cle damage.
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simplification. However, the most explored theory as-
sumes that DOMS is caused by mechanical damage to
skeletal muscle tissue after an exercise stimulus (Arm-
strong, 1990; Hotfiel et al., 2018).

Schwane et al.’s study (1983) is an important example
of the mechanical damage theory of DOMS. They started
from the whole base built on the concepts of DOMS at
the time, investigating the hypothesis that exercises with
a higher intensity of eccentric contraction (downhill run)
triggered greater DOMS when compared with exercises
with an equal volume of eccentric and concentric contrac-
tions (level run).

This reflection is crucial for developing study designs
aimed at observing DOMS-related outcomes. The imple-
mentation of protocols with a predominance of eccentric
contraction represents one of the ways of obtaining
DOMS. Therefore, establishing adequate sample selection
criteria to designate the ideal protocol with atypical exer-
cises for these subjects is crucial. When the EIMD proto-
col causes sufficient overload in the skeletal musculature,
the tissue repair response begins implicitly (Arnold et al.,
2007).

Following the rupture of the myofibrils involved in the
contraction process, the tissues undergo structural and
metabolic changes, increasing the flow of intracellular
protein leakage into the bloodstream (Paulsen et al.,
2012). These proteins function as trauma markers and
favor the occurrence of an acute inflammatory response
at the systemic level to promote tissue repair (Zaldivar
et al., 2006).

Upon detecting muscle damage, macrophages are re-
cruited to the muscle tissue, and in a quick sequence, the
concentrations of inflammatory mediators and reactive
oxygen species also increase (Paulsen et al., 2012). In ad-
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into the bloodstream
N Suppression of
AP-1 and NF-kB
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ROS) ROS)

Fig. 2. Potential triggering mechanisms of DOMS and the role
of dietary anthocyanins in this process. DOMS, delayed onset
muscle soreness; TNF-a, tumor necrosis factor alpha: ROS, re-
active oxygen species; Nrf2, nuclear factor-erythroid 2-related
factor-2; JAK/STAT, Janus kinase/signal transducers and acti-
vators of transcription; AP1, activator protein-1; NF-«xB, nuclear
transcription factor kappa B.

dition to promoting the activation and feedback of oxi-
dative and inflammatory pathways and favoring DOMS
establishment, some mediators involved in this process,
such as interleukins (ILs) and the tumor necrosis factor
(TNF), are also capable of chemically sensitizing nocicep-
tors —responsible structures for persistent pain manifes-
tation (Rocha et al., 2007). DOMS can begin 8 h after an
exercise and peak between 24 and 72 h, reducing gradual-
ly after this time (Armstrong, 1984; Zaldivar et al., 2006;
Paulsen et al., 2012).

DOMS can be measured subjectively using a visual ana-
log scale (VAS), which comprises a one-dimensional in-
strument, usually with a line from zero to 100 or 200 mm
in which the extremes can represent “a few or no pain”
and “intense, maximal pain” (Lau et al., 2015). DOMS
may be clinically associated with touch sensitivity, mus-
cle stiffness, local edema, and decreased muscle strength
(Armstrong, 1990; Hotfiel et al., 2018). Fig. 2 depicts all
possible DOMS mechanisms discussed in this topic.

Anthocyanins

Anthocyanins are widely distributed throughout the plant
kingdom, being responsible for red, purple, and blue pig-
mentation in flowers, seeds, and fruits, such as red cab-
bage, eggplant, strawberry, blueberry, cherry, and acai
(Saigo et al., 2020). Anthocyanins, which are organic
compounds that are soluble in water, are identified as
secondary metabolites and are considered flavonoids
(Khoddami et al., 2013), mainly due to their chemical
structure. This structure is characterized by a 15-carbon
skeleton based on a chrome ring with a second aromatic
ring, by means of a single or additional sugar molecules,
linked in several hydroxylated positions in the formation
base (Pervaiz et al., 2017).

These sugar molecules are generally analogous to an-
thocyanidin (Sinopoli et al., 2019). For this reason, struc-
tural differences between anthocyanins are related to the
number of hydroxyl groups, position, and type or number
of sugars linked to the molecule (Pefia-Sanhueza et al.,
2017). In addition, anthocyanins can undergo structural
changes according to environmental conditions, pH, tem-
perature, light, solvent, and metal ions (Sinopoli et al.,
2019). According to Chaves-Silva et al. (2018), over 650
different anthocyanin structures have been identified, all
of which are derived from the six most common antho-
cyanidins (cyanidin, delphinidin, pelargonidin, malvidin,
peonidin, and peturidine).

In the literature, more than 200 compounds of this
class have been reported, and discussion about the possi-
ble beneficial effects of anthocyanin-rich foods on human
health is linked to the high antioxidant activity of these
substances and their potential role in modulating oxida-
tive stress and proinflammatory processes (de Pascual-
Teresa et al., 2010).
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Anthocyanin-rich foods and supplements to prevent or
treat DOMS

One of the theories that justify the use of anthocyanins
for DOMS prevention and treatment starts from the idea
that bioactive compound-rich foods help degrade the
Kelch-like epichlorohydrin-associated protein 1 protein
(Ma, 2013). This protein keeps the nuclear factor-eryth-
roid 2-related factor-2 neutral, which, when active, mi-
grates to the nucleus and interacts with the antioxidant
response gene. This suppresses the pathways of nuclear
transcription factor kappa B (NF-xB) and activator pro-
tein-1, increasing the expression of genes that regulate
the inflammatory process (Nguyen et al., 2009).

Another possibility is that consuming anthocyanin-rich
foods helps promote a direct increase in IL-10 concentra-
tions (McAnulty et al., 2011; Tomé-Carneiro et al., 2012).
IL-10 is cited as one of the main counter-regulating cyto-
kines of the immune response. It primarily plays an anti-
inflammatory role by significantly suppressing the syn-
thesis of TNF-a, IL-6, IL-1, and other proinflammatory
substances in monocytes and macrophages (Speretta et
al., 2014). The production of proinflammatory mediators
is interrupted by negative feedback when IL-10 binds to
its receptor (IL-10R) and activates, in macrophages, the
signaling pathway called Janus kinase/signal transducers
and activators of transcription and activates the signal
transducer and activator of transcription 3 (STAT3) by
phosphorylation. STAT3, in turn, promotes the transcrip-
tion of cytokine signaling suppressor 3, which minimizes
NF-«B activity, as well as the release of stimulating sub-
stances from nociceptors (Fig. 2) (Riley et al.,, 1999;
Murray, 2007).

Interventional studies with bioactive compounds at
DOMS have grown significantly in recent years; however,
the variety of foods and supplements evaluated is enor-
mous, as well as the type of EIMD protocols implemented,
and this can interfere with the conclusions and applic-
ability of the results obtained. Bongiovanni et al. (2020)
published a review that stratified the use of various sup-
plements regarding muscle damage based on the level of
evidence, including those rich in anthocyanins, such as
beets and pomegranates. The authors used a broad search
to select numerous supplements and foods in various
preparations, with no detailed inclusion or exclusion cri-
teria. Owing to the variability in dosages, administration
form of supplements, and stated target audience, under-
standing their results and making accurate decisions are
difficult; therefore, the focus of the current review was
more specific, and all eight studies selected are summar-
ized in Table 1.

Trombold et al. (2011) conducted the oldest study
found in our search. For this crossover, double-blind, pla-
cebo-controlled clinical trial, the authors selected 17 men
with an average age of 21 years who had been active for

at least three months. The intervention comprised ingest-
ing 250 mL of pomegranate juice or placebo twice a day
with a 12-h interval for 15 days and with a washout of at
least 14 days between treatments. On the eighth day of
supplementation, the volunteers performed the EIMD
protocol (Table 1). Muscle pain was assessed before and
at various times after exercise (2, 24, 48, 72, 96, and 168
h). For this, VAS associated with direct stimulation in the
arm and leg muscles was used since the protocol included
the upper and lower limbs. The results showed that both
groups had increased pain after performing the protocol,
as expected. The group that consumed pomegranate juice
reported less muscle pain during the stimulation of the
elbow flexor muscles (P=0.006) when compared with the
placebo group. However, there was no significant differ-
ence between the groups when the perception of pain was
assessed based on the stimulation of the knee extensor
muscles.

From these results, the authors risked suggesting the
possibility of using supplementation with pomegranate
juice for athletes in competition periods as well as for
individuals in the initial stages of training. However, the
study’s methods and forms of presentation did not allow
such inferences. The data collected with the VAS in the
study by Trombold et al. (2011) were expressed only in
their relative form using the P-value associated with the
comparative graph. Although the descriptive analysis
containing the raw data was not presented, the graphs al-
lowed us to observe that the maximum pain intensity re-
ported by the volunteers occurred between 24 and 48 h
for both the upper and lower limbs, with the average val-
ue being <5 in the VAS. In this tool, this value represents
moderate pain. Still, without the numerical presentation
of measures of central tendency and variability, deter-
mining whether the response to the protocol was homo-
geneous among the volunteers was difficult, and this lim-
ited the ecological validity of the study. In addition, the
external validity was compromised because the authors
did not include a sample size calculation, limiting the
extrapolation of the conclusions beyond the evaluated
group (Gupta et al., 2016). Another crucial point was that
the participants were instructed to maintain their usual
diet, but no tool was used to assess eating habits. Dieta-
ry variations and measurement errors are thought to sig-
nificantly interfere with the results because the compo-
nents used in the intervention may also be present in oth-
er foods (Kirkpatrick et al., 2018). Therefore, analyzing
and controlling these variables during the period stipu-
lated for the intervention are extremely important.

Hutchison et al. (2016) conducted a double-blind, pla-
cebo-controlled study with 16 volunteers of both sexes
with an average age of 20 years, all of whom were mod-
erately active but were unaccustomed to strength training
in the six months preceding the study. The volunteers
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Table 1. Studies that investigated the effects of anthocyanin-rich supplements in the treatment and prevention of DOMS in the last 10 years (2010~2020)

Result
EIMD protocol (treatment)

Subject
(sample size calculation)

Study design

Supplement
(placebo-controlled)

Reference

- Downhill run (=15%) for 30 min -Increase on DOMS values

- Mixed juice: 480 mL a day, con- - Double-blind, placebo-controll- -30 physically active men

Lima et al,,
2019

at 70% of their VO2max speed -Increase on CK concentrations

-No sample size calculation

ed study, lasting 9 days
- EIMD protocol was performed

taining about 116 mg of antho-

cyanins
- Placebo: the same amount of

on the 5th day of supplementa-

tion

water mixed with maltodextrin
-Tart cherry juice and pome- -Double-blind, placebo-controll- -36 nonresistance-trained men -5 sets of 10 maximal voluntary - No significant effect on DOMS

Lamb et al.,
2019

and CK

- No sample size calculation eccentric contractions of the

ed study, lasting 9 days

granate juice: 500 mL a day,

nondominant elbow flexors on
the isokinetic dynamometer
- 120 s of rest between sets

containing about 15 mg (TC) -EIMD protocol was performed

and 98 mg (POM) of anthocya-

nins
- Placebo: the same amount of

on the 5th day of supplementa-

tion

fruit-flavored drink

DOMS, delayed onset muscle soreness; EIMD, exercise-induced muscle damage; RM, repetition maximum: CK, creatine kinase: IL, interleukin; ORAC, oxygen radical absorbance capacity:

LIST, Loughborough intermittent shuttle test.

Souza et al.

were randomly assigned into two groups, in which they
would receive approximately 1 L of blackcurrant nectar or
the placebo drink divided twice a day for eight consecu-
tive days. Although the dietary pattern was not assessed,
the researchers listed anthocyanin-rich foods to avoid and
instructed the participants to maintain their other eating
habits. On the 5th day, the EIMD protocol was applied,
and the pain perception variable was collected at various
times (baseline, 24, 48, 72, and 96 h after exercise) using
the VAS after performing a movement of full squat, with-
out external weight, with an amplitude of 90°.

As expected, the two groups assessed by Hutchison et
al. (2016) reported increased pain when compared with
the baseline, presenting the most significant pain mo-
ment in 48 h (treatment group: 2.75=+0.86; placebo group:
3.38+0.75) and returning to baseline values at 96 h post
protocol of EIMD. However, when the two groups were
compared, no statistically significant differences were
found between the groups, although the treatment fa-
vored lower values of self-reported pain at all times. The
lack of a sample size calculation was an important limita-
tion because it may have reduced the power of detecting
the effect, which was only demonstrated by trends (Gupta
et al., 2016). In addition, the analysis of groups without
gender stratification could be a limitation because studies
have discussed the different forms of pain perception be-
tween men and women (de Aratjo Palmeira et al., 2011).
Such discussion mentions that the perception of pain
comes from complex interactions between biological var-
iables (e.g., gonadal hormones and genetics) and psycho-
social variables (e.g., depression, anxiety, culture, and
gender) and results indicate that women are more prone
to increased pain sensitivity and chronicity (Bartley and
Fillingim, 2013).

Two studies conducted in 2016 were tracked in the
present study. The first was a crossover, randomized,
double-blind, placebo-controlled study led by McCormick
et al. (2016), with nine male water polo athletes averag-
ing 18 years of age. A dose of 600-mL cherry juice or pla-
cebo was given for six consecutive days, with a five-day
washout between treatments. The research included a
convenience sample in which athletes from a specific in-
stitute were instructed to maintain the training sheet and,
on the 6th day of the protocol, participated in a group sim-
ulation of a water polo match to replicate the demands of
an official game. To assess DOMS, volunteers filled in a
daily diary with VAS for pain during the six days of inter-
vention, where O represented “no pain and no stiffness”
and 10 represented “a lot of pain”. According to the re-
sults presented, the effect of time or treatment on volun-
teer-reported pain at any of the evaluated moments could
not be determined. The fact that the study was conducted
with well-conditioned individuals may have made it diffi-
cult to trigger muscle damage of greater magnitude and,
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consequently, minimized the effect of the protocol on
achieving DOMS. The absence of an assessment of eating
habits, sample size calculation, and the choice of the pub-
lic versus the protocol may have limited the study (Gupta
et al., 2016; Kirkpatrick et al., 2018).

Bell et al.’s study (2016) shares some similarities with
that of McCormick et al.’s study (2016), previously pres-
ented. In addition to being performed with athletes, the
randomized, placebo-controlled, double-blind clinical tri-
al entailed offering 30 mL of cherry juice or placebo twice
a day for eight consecutive days to the 16 semi-profes-
sional athletes of club soccer, with an average age of 25
years. The authors were concerned about possible diet-
ary interference and provided a list of foods to avoid and
instructed the participants to fill in the diet record diary,
ensuring homogeneity of these variables at the baseline.
The EIMD protocol was adapted from the Loughborough
Intermittent Shuttle Test and was performed on the 5th
day of treatment. Muscle pain was assessed under the
stimulation of a squat movement using VAS in the fol-
lowing moments: baseline, 24, 48, and 72 h after follow-
ing the protocol. Bell et al.’s (2016) results demonstrated
that both groups showed a significant increase in DOMS
72 h after performing the proposed exercises, reinforcing
that the protocol choice was adequate for the expected
outcome. In addition to the effect of time on self-reported
pain values, the group that received cherry juice supple-
mentation was observed to have less pain perception
when compared with the placebo group at 24 (P=0.044),
48 (P=0.018), and 72 h (P=0.007) after performing the
EIMD protocol. Notably, the study omitted a crossover
design or sample size calculation, which represents im-
portant characteristics for the ecological and external va-
lidity of the findings. However, the importance of the ap-
propriate choice of EIMD protocol was revealed. Because
all variables measured are dependent on muscle damage
stimulation, this step of the design is essential, and if the
protocol does not produce the expected outcome, all ef-
forts of the other steps may be lost, invalidating the in-
tervention.

Brown et al. (2019) conducted a randomized, placebo-
controlled, double-blind study with 20 physically active
women and an average age of 19 years, in which the ef-
fectiveness of cherry juice in DOMS and other variables
related to EIMD was evaluated. The supplementation pro-
tocol was the same as in the study by Bell et al. (2016),
which comprised 30 mL of treatment with cherry juice or
the placebo twice a day for eight consecutive days. The
inclusion and exclusion criteria were well detailed, and
the participants were instructed to maintain their previ-
ous eating habits throughout the intervention period. The
EIMD protocol was applied on the 5th day of supplemen-
tation, and the DOMS assessment was performed under
the encouragement of a full squat, associated with the

pain pressure threshold, using the VAS at the baseline,
24, 48, and 72 h after the battery of exercise. An increase
in DOMS was observed in both groups, returning to base-
line values in the 72-h period. This effect of time is ex-
pected given the behavior of the DOMS mechanism.
However, when comparing the two groups (treatment
and placebo), the authors reported that the group supple-
mented with cherry juice showed less tendency toward
self-reported pain, but this has not been statistically prov-
en. Brown et al.’s (2019) study was carefully designed
and presented a sample size calculation in addition to
well-defined criteria for selecting volunteers and informa-
tion that allowed their replication. In addition, the partic-
ipants were instructed to maintain their usual diet and
complete a weighed food diary. The fact that no effect of
supplementation on DOMS variables was found should
be considered. The lack of anthocyanin dosages in plasma
often occurs in studies of this nature, and this can be a
limitation. This aspect interferes with the interpretation
of the adequacy of supplementation and makes it difficult
to make decisions regarding the amount of anthocyanins
to be offered, which appears in a divergent way in the
studies (Table 1).

Lynn et al. (2018) also performed a single-blind, ran-
domized, placebo-controlled study with 21 individuals of
both sexes and an average age of 30 years. The individu-
als were divided into two groups to receive 200 mL of bil-
berry juice or placebo twice a day for seven days. On the
5th day, the volunteers participated in a half marathon
in the region (Sheffield Half Marathon) and provided data
on DOMS with VAS after performing a full squat in the
following moments: before the race, right after the race,
and 24 and 48 h after the race. The results showed that
the mean time of the test was similar between the groups,
with no statistically significant differences. Both groups
reported a significant increase in pain shortly after com-
pleting the half marathon, and surprisingly, the group
that consumed supplementation with anthocyanin-rich
juice showed a slight to moderate increase in pain percep-
tion after the half marathon. Lynn et al.’s study (2018)
presented many positive points, such as sample size cal-
culation, characterization of the supplement offered, and
complete descriptions for its replication. However, the
study also had some limitations. The authors reported
that the travel time from the finish line to the laboratory
differed among the volunteers, compromising the linear-
ity of the data collection and, possibly, the results. In ad-
dition, because the researchers could not measure data on
the participants’ eating habits, discussing the interference
of other issues related to food choices with EIMD and
DOMS responses is infeasible.

In a randomized, placebo-controlled, single-blind study
conducted by Lima et al. (2019), 30 male physical educa-
tion students with an average age of 22 years were se-



272 Souza et al.

lected and divided into two groups to receive 240 mL of
antioxidant juice (made with a mix of fruits rich in an-
thocyanins —clarified apple juice with plum, blueberry,
maqui berry, raspberry, and cranberry concentrates) or
placebo twice a day for nine consecutive days. On the 5th
day, both groups underwent a downhill run, under the
conditions described in Table 1. For muscle pain assess-
ment, participants were instructed to climb up and down
from a 45-cm chair without external help and, after per-
forming this movement, they should respond to VAS that
varied between “no pain” and “very, very painful” in their
extremities. The results revealed an increase in pain per-
ception in both groups after performing the EIMD pro-
tocol. However, at all times reported (baseline, right after,
24, 48, 72, and 96 h after exercise), the treatment group
had lower DOMS values than the placebo group (P<
0.05), indicating that supplementation had a hypothe-
sized effect. Although Lima et al.’s (2019) results were
very clear, the authors did not access food records or
quantify the total consumption of phenolic compounds.
This type of evaluation allowed us to observe whether the
effects were solely due to the supplementation offered or
if interferences existed in habits and stimuli external to
the intervention. These results could be confirmed by
measuring the volunteers’ total antioxidant capacity or
plasma levels of anthocyanins, comparing the two groups
and correlating with dietary records, to determine wheth-
er the volunteers had differences at baseline and during
the intervention, eliminating confounding factors.

The last randomized, placebo-controlled, double-blind
study screened in our search was that of Lamb et al.
(2019) and had the participation of 36 nonresistance-
trained men who were allocated to consume 250 mL of
pomegranate juice, cherry juice, or placebo twice a day for
nine days. On the 5th day, the EIMD protocol was ap-
plied, with a predominance of eccentric contraction, and
muscle pain was assessed pre-exercise, immediately post-
exercise, and at 24, 48, 72, and 96 h post-exercise. The
results showed that supplementation tended to increase
muscle pain values, but this difference was not statisti-
cally proven. The authors mentioned that the absence of a
representative sample may have interfered with the iden-
tification of the effect. However, this was not the only
limitation. In addition to not performing any biochemi-
cal quantification of markers related to oxidative stress
and inflammation, the researchers reported that despite
offering directions pertaining to eating habits, the volun-
teers consumed foods with a high content of bioactive
compounds during the intervention period.

Dietary control through guidelines and dietary records
has proved to be a critical point in intervention studies
with supplements rich in bioactive compounds. Not all
studies presented mentioned dietary guidelines, including
indications to avoid the consumption of certain foods

during the intervention period. Moreover, because they
are interventions conducted in a free lifestyle, what the
volunteer chooses to consume cannot be controlled. For
this reason, the analysis of dietary records becomes an
essential element for the data to be evaluated and treated
correctly, allowing for the identification of confounding
factors that can induce mistaken inferences in certain sit-
uations.

Based on the presented studies, the results of anthocy-
anin supplementation for DOMS are inconclusive. This
is due to the diversity of intervention methods, including
target audience selection, anthocyanin content in supple-
ments, EIMD protocol, and study design issues (Kendall,
2003; Gupta et al., 2016; Kirkpatrick et al., 2018). We are
unaware of previous reviews that have evaluated the use
of anthocyanin-rich foods exclusively in DOMS. Howev-
er, some studies have observed the use of these foods
and supplements in various parameters of muscle recov-
ery, which we can highlight—increased antioxidant ca-
pacity after exercise (Doma et al., 2021; Jones et al.,
2021); performance (Doma et al., 2021); and creatine ki-
nase and other biomarkers (Doma et al., 2021; Kimble
etal, 2021).

Although doubts exist, research arouses interest in
conducting interventions that assess the potential of an-
thocyanin-rich foods in DOMS treatment and prevention.
Therefore, further studies are necessary given that they
are dedicated to defining a design that allows the exter-
nal and ecological validity of the results, prioritizing the
following: representative sample selection by performing
a sample size calculation; standardized dietary prescrip-
tions and analysis of food records to correct possible con-
founding factors; quantification and standardization of
anthocyanin amount in the supplements offered and bio-
availability assessment; biochemical tests to verify the ef-
fect of supplementation on the individual’s total antioxi-
dant capacity; and adequate choice of the EIMD protocol
to the selected public because DOMS is dependent on
muscle damage magnitude.

Despite these limitations, studies seem to agree with
the supplementation period and EIMD protocol applica-
tion given that the majority proposed a minimum sup-
plementation of three days prior to performing strenuous
exercise. Another common point among the papers pres-
ented is the process of selecting volunteers, in which
those with pathological habits and conditions that direct-
ly interfere with the inflammatory and oxidative proc-
esses of the body, such as smoking, alcoholism, and
chronic and autoimmune diseases, are excluded. In addi-
tion, based on the studies included in the review, sup-
plements with higher dosages of anthocyanin in their
composition (>600 mg) had a certain effect on inflam-
mation and oxidative stress biomarkers, but as a direct
effect on DOMS, the main effects were reported with the
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use of protocols with fewer supplements and lower con-
centrations of anthocyanins in their composition. The
most recent studies seem to follow this trend and, prob-
ably, find a way to better understand this scenario.

From this, some important points about the main con-
clusions of this review can be discussed. First, based on
the studies presented in this review, the sporadic con-
sumption of anthocyanin-rich foods is insufficient to ob-
tain these results. Consumption must occur in order to
precede physical efforts in a programmed manner. Sec-
ond, the best results were obtained from lower dosages,
suggesting the effectiveness of more continuous and
moderate consumption; future studies may start from
this idea.

Therefore, given proven effects and properly established
protocols, the use of anthocyanin-rich foods may be an
accessible and important tool in DOMS prevention and
treatment. Previous studies have already shown that the
therapeutic effects of anthocyanins on human health are
more frequent when the source foods are consumed in
their entire form (Vizzotto, 2012). This can occur be-
cause, when isolating an active ingredient, the synergy be-
tween the components of the whole food is lost (Costa
et al., 2015; Dias et al., 2015). This finding, combined
with that of the present study, allows us to reflect on the
benefits of an anthocyanin-rich diet over the use of iso-
lated supplements, both in terms of consumption adher-
ence and cost, in addition to supporting the idea that a
balanced diet can meet all the needs of athletes and phys-
ical exercise practitioners without the need for supple-
ments (Garthe and Maughan, 2018; Garthe and Rams-
bottom, 2020).

The discovery of natural methods that minimize the
deleterious effects of DOMS is of great interest to the
scientific community and health professionals. Pain,
touch sensitivity, muscle stiffness, local edema, reduced
strength, and muscle contraction ability can decrease ad-
herence to the practice of physical exercise and even stim-
ulate the exacerbated consumption of drugs, representing
an important health risk. Thus, the concern about the use
of anthocyanin-rich supplements and foods as a resource
to reduce the magnitude of DOMS remains, but the an-
swer is dependent on the methodological quality of fu-
ture studies.
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