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Abstract

Background: Intensive physical exercise that competitive sports athletes participate in can negatively affect their
pro-oxidative–antioxidant balance. Compounds with high antioxidant potential, such as those present in chokeberry
(Aronia melanocarpa), can prevent these adverse changes. We here investigated the effect of antioxidant
supplementation on oxidative stress balance in young footballers.

Methods: The study was designed as a double-blind randomized trial. Diet of a group of young football players
(male; n = 20; mean age, 15.8 years-old) was supplemented with 200 ml of chokeberry juice per day, for 7 weeks.
The players were randomly assigned to the experimental (supplemented, FP-S; n = 12) and control (placebo, FB-C;
n = 8) groups. Before and after the supplementation period, the participants performed a beep test. Venous blood
was sampled for serum analysis before, immediately after, 3 h, and 24 h after the beep test. Serum levels of
thiobarbituric acid reactive products, 8-hydroxy-2′-deoxyguanosine, total antioxidant capacity, iron, hepcidin, ferritin,
myoglobin, and albumin, and morphological blood parameters (red blood cells, (RBC), haemoglobin (HGB),
haematocrit (HCT) mean corpuscular volume (MCV) mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC), and lactic acid) were determined.

Results: Chokeberry juice supplementation did not significantly affect the outcome of the beep test. The
supplementation did not significantly affect any of the morphological, biochemical, or performance parameters analysed.

Conclusions: Chokeberry juice supplementation did not affect the measured parameters in the studied population,
which may indicate insufficient antioxidant capacity of the juice.
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Background
Increased metabolic activity during physical exercise is
accompanied by an increased generation of reactive oxy-
gen species, which may lead to disorders of the immune
system function [1, 2]. This applies primarily to high-
intensity and long lasting exercise. The underlying
mechanism is not fully understood [3].
It is believed that excessive production of free oxygen

radicals leads to multiple changes in the body metabol-
ism [4]. The observed rapid increase in oxygen radical
production leads to erythrocyte damage, as a conse-
quence of lipid peroxidation, which increases their sensi-
tivity to degradation [5]. Increased haemolysis, in turn,
leads to a substantial increase in the concentration of
redox-active free iron in the blood [6]. Circulating free
iron may be toxic and destructive to cell components
and body fluids. Upon oxidative stress, activation of the
immune system and inflammation are also observed, as
an early defence response of the body. Most likely, oxi-
dative stress is ‘sustained’ in this manner also during
post-workout recovery [7].
Peaks of alternating oxidative stress markers in the

blood after a bout of physical exercise involving concen-
tric and eccentric contractions are observed between 0
and 4 h, and 48 and 96 h after the exercise bout, respect-
ively [8, 9]. Increased ionized iron levels in the blood
can contribute to the intensification of free radical reac-
tions [10], which weakens the immune system, thereby
increasing susceptibility to infection [11–13]. Acute
post-exercise depression of the immune system may re-
sult not only in an increased frequency of infection
among sports competitors, but also in an increased
percentage of cases (especially of upper respiratory tract
infections) and a prolonged duration of infection. Fur-
thermore, in many situations, depression of the immune
system may lead to an increased possibility of injury and
hinders tissue regeneration [14].
Chokeberry (Aronia melanocarpa) contains a wide

range of biologically active compounds, including poly-
phenols, such as anthocyanins, flavonoids, and phenolic
acids [15, 16]. There is evidence that compounds present
in chokeberry positively affect the immune system and
oxidative balance [17]. That is particularly attributed to

anthocyanins, which are present in copious amounts in
the chokeberry fruit [18]. These compounds can impact
the immune system [19, 20], reduce oxidative stress, and
chelate iron ions [21]. Anthocyanin supplementation
might reduce post-exercise muscle soreness [22] and im-
prove performance parameters [23].
Analysis of data from athlete studies available in vari-

ous scientific databases, as well as numerous scientific
reports on non-training individuals and animals, sug-
gests that the endogenous defences against oxidative
stress of an organism subjected to an intense exercise
load are insufficient [24]. Further, dietary preparations
rich in anthocyanins may be an important factor alleviat-
ing the adverse effects of extreme exercise loads. It
therefore may be advisable for the competitors’ diet to
contain plants rich in anthocyanins, which not only have
the ability to form stable complexes with the transition
metals but also increase the body’s antioxidant potential.
Such supplementation can reduce oxidative stress,
greatly reducing post-exercise inflammatory processes,
and contribute to an increase in ergogenic potential [24].
The aim of the current study was to analyse the effect

of 7-week supplementation with chokeberry juice on
pro-oxidative–antioxidant balance parameters and selected
iron level parameters in professional young footballers
during football season, compared with a placebo group in a
randomized double-blind trial.

Methods
Participants
The study was designed as a double-blind randomised
controlled trial with parallel groups. After screening with
respect to the inclusion and exclusion criteria by
laboratory assistants, 20 young male semi-professional
footballers (15.8 ± 0.7-years-old) from Międzyszkolny
Uczniowski Klub Sportowy (MUKS) Zawisza Bydgoszcz
club (Bydgoszcz, Poland), participating in the Central
Junior League competitions, took part in the study. The
subjects were randomly assigned to the supplemented
(n = 12; FP-S) or the placebo group (n = 8; FP-C). Each
group was similar in terms of the anthropometric data
and the position on the football field (Table 1). Basic
characteristics of the study group are summarized in

Table 1 Characteristics of the examined group

N = 20 Age [years] Years of training [years] Height [cm] Weight [kg] BMI [kg/m2] Body fat [%]

x 15.8 6.5 182.9 72.4 21.6 13.2

Min. 15.2 5 168 61.7 18.8 10.6

Max. 16.8 8 190 80.8 24.1 16.8

σ 0.7 0.8 5 5.6 1.3 1.8

V 4 13.6 2.7 7.7 6.1 13.3

N population, cm centimetre, kg kilogram, % percent, − arithmetic average, min. minimum value, max. maximum value, σ standard deviation, V coefficient
of variation
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Table 1. The participants receiving chokeberry juice or a
placebo followed a uniform training load scheme. Train-
ing loads for the entire experimental period (microcycle)
are shown in Table 2. Load time intensity from the
beginning of the season until the end of the experiment
is summarized in Table 3.
All subjects were informed about the purpose of the

research and the procedures, and voluntarily agreed to
participate in the study. The research was conducted ac-
cording to the Declaration of Helsinki and was approved
by the local Bioethics Committee at Collegium Medicum
in Bydgoszcz (approval no. KB 382/2017). All players
were assessed with respect to the inclusion and exclu-
sion criteria, and were asked not to use any supplements
(vitamins, ergogenic supplements, herbal extracts, caf-
feine, theine, etc.) 2 weeks before and during the experi-
ment. One week before the exercise test and during the
experiment, the participants adopted similar eating
habits. They were asked to eat balanced meals prepared
based of the daily energy requirements in relation to age
and physical activity. Substances that could interfere with
the test results, containing large amounts of anthocyanins,
phytosterols, and antioxidants were excluded from the meals.
All meals were prepared according to the guidelines of pro-
fessional sports nutrition by a sport nutritionist, as recom-
mended by the Polish Football Association [25].

Study design
The participants were randomly divided into two groups:
the supplemented group (n = 12), which received 200 ml
of chokeberry juice (100 ml twice a day, in the morning
and in the evening) for 7 weeks; and the control group
(n = 8), which received a placebo at the corresponding
times, according to published guidelines [17]. In previ-
ous studies, the average duration of chokeberry supple-
mentation tested was 6 to 8 weeks [26]. The research
protocol scheme is presented in Fig. 1.

Physical exercise program
During the entire experimental period, all subjects
followed their regular physical exercise program. The

physical exercise program was planned by the main coach
of the team, and was the same for both groups. The train-
ing program microcycle (presented in Table 2) consisted
of a uniform pattern of tasks performed during the game
season, during which the research was conducted, with
the intensity level of a given training unit expressed on a
scale from 1 to 10 (the training loads scale).

Supplementation
The anthocyanin content was determined to be 165.3
mg/100ml of juice. Briefly, the anthocyanin pigment
content was analysed by high-performance liquid chro-
matography, as described by Oszmański and Sapis [27].
For the analysis, LC Agilent Technologies 1200 Rapid
Resolution (Waldbronn, Germany) system equipped
with a UV–Vis detector (DAD 1260, Waldbronn,
Germany) and Zorbax SB-C18 column (4.6 × 150 mm,
5 μm) (Agilent, Wilmington, Delaware, USA) were used.
Separation was achieved using a reversed-phase system
with gradient elution. Chromatographic conditions were
as follows: injection volume, 20 μm; flow rate, 1.0 ml/
min; solvent A, 10% formic acid in water; solvent B, 10%
formic acid, 30% acetonitrile, 60% water. The following
gradient was used: 0–8min 20–40% B, 8–15min 40–
50% B, 15–16min 50–100% B, 16–20 min 100% B (iso-
cratic), 20–23min 100–20% B. Chromatographic data
were acquired at 400 to 600 nm, and integrated at 520
nm for anthocyanins. The results are expressed as
cyanidin-3-O-glucoside (external standard) (LGC Stan-
dards, Bury, UK) (mg/100 g or %). Cyanidin-3-O-gluco-
side was dissolved in water, and the chokeberry juice
was diluted 10 times in redistilled water and filtered
through 0.45-μm filter prior to analysis.
Subjects in the control group were given the placebo

containing 6.6% solution of betaine [(CH3
+)3 N+ · CH2

COO−] and 1% solution of citric acid. The placebo was
identical in appearance and taste to chokeberry juice,
and both were given in 200-ml numbered sintered glass
bottles. The label codes were decoded after the examin-
ation of all biochemical factors after intervention
completion. The participant play position or volume of

Table 2 Training loads of the whole experimental time

Training Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Training total time 45–60 min 90min 90min 90min 45–60 min 120min 30min

Time of a single exercise Short 2–4 min Medium 4–8 min Long 8–20 min Very short 1–2 min Short 2–5 min Long 45 min Long 30min

Training loads, scale 1–10* 1–2 4–6 5–8 2–4 3–5 8–10 1–2

Training content Active
regeneration.
Large forms
of tactics with
technique
breaks.

Elements of the
game in attack
and defence in
a limited field
of play.

Maximum
intensity.
Endurance.
Small and
large games.

Game speed
without much
resistance.
Defence against
counterattack.

Force-speed
stimulation.
Tactical games
and exercises
with an accent
of speed.

Control/
championship
match.

Active
regeneration
e.g.: jogging,
walking,
swimming.

min minutes, * training loads scale where 1 means training at the lowest intensity and 10 means training at the highest intensity
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competition play (starters vs. non-starters) was not con-
sidered in the randomization. Both the chokeberry juice
and placebo were produced by MLB Biotrade Sp. z o.o.,
Poland (Poznan, Poland). The players and researchers
were blinded to group assignment.

Antioxidant capacity of chokeberry juice
The antioxidant capacity of chokeberry juice was
determined using 2,20-azinobis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) and 2,2-di-phenyl-1-picrylhydrazyl
radical (DPPH) methods at the Lubuskie Centre for
Innovation and Agricultural Implementation of the
University of Zielona Góra (Sulechów, Poland). ABTS,
DPPH, and other reagents were purchased from Sigma
Aldrich (St. Louis, MO, USA). The juice contained 8.83
mg/ml ABTS and 7.62 mg/ml DPPH.

Physical exercise test
Before and after the 7-week supplementation period, all
players performed the maximal multistage 20-m shuttle
run test (the ‘beep test’) [28]. The test was carried out in
a full-size sports hall with a classic surface, from 9:30
AM to 10:30 AM. The participants were asked to eat a
light meal approximately 2 h prior to the test. They were
instructed not to consume alcohol, caffeine, theine, or
taurine on the test day. VO2max was calculated indirectly
based on the results of the physical exercise test, as de-
scribed elsewhere [29], on the assumption that retroex-
trapolated VO2max is not substantially different from
VO2max measured directly [29]. The physical exercise
test took place on a Tuesday instead of the planned
training session. The supplementation began on the

following Monday and ended after 7 weeks on a Sunday.
After the supplementation period, the test was repeated
on the following Tuesday instead of the planned training
session. During the test, the air temperature was 19.1 °C
and humidity was 51%. All the tested players were in-
formed about the test procedures and were additionally
motivated by the trainer to make maximum effort.

Blood sampling and analysis
Blood samples were taken for analysis at four time
points at the beginning and at the end of the supple-
mentation period: before, immediately after, and 3 and
24 h after the beep test. These time points were selected
because the levels of hepcidin and related parameters
(interleukin, IL, 6) achieve a maximum 3 h after exercise
[30, 31]. Further, blood sampling after 24 h allows deter-
mination whether the tested parameters have returned
to the resting values. That is important because the
training program consisted of daily physical exercise ses-
sions in the examined subjects. Blood for serum analysis
was collected from the ulnar vein into 9-ml serum tubes
containing a coagulant (Sarstedt, Germany). The blood
was centrifuged (3000 rpm, 10min), and the serum was
aliquoted, frozen in liquid nitrogen, and stored at −
80 °C until analysis.
To determine the morphological blood parameters

(red blood cells, RBC; haemoglobin, HGB; haematocrit,
HCT; mean corpuscular volume, MCV; mean corpuscular
haemoglobin, MCH; and mean corpuscular haemoglobin
concentration, MCHC), venous blood was collected into
5-ml tubes containing EDTAK2 as the anticoagulant.
Morphological examinations were performed using flow
cytometry on Sysmex XS-1000i apparatus (Kobe, Japan).
Iron levels were determined in plasma taken from lith-

ium heparin and determined by in vitro IRON 2 test for
the quantitative determination of iron in human serum
and plasma, using Roche/Hitachi Cobas c. system and a
Cobas c 501 analyser (Cobas, Rotkreuz, Switzerland).
Lactic acid (LA) levels were measured in capillary

blood collected from the earlobe before and immediately
after the beep test, using a Dr. Lange Plus LP20 bio-
chemical analyser (Dr. Lange, Berlin, Germany).

Table 3 Summary of microcycle intensity (from the beginning
of the season till the end of experiment)

Work load characteristics min. %

Aerobic 2922 64,9

Mixed intensity 1322 29,4

Anaerobic lactate acid dependent 177 3,9

Anaerobic not lactic acid dependent 143 3,2

Totality 4499 100

Fig. 1 Research protocol. p.e., physical exercise test
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For detailed analysis of changes in the body’s iron
management, total antioxidant levels, and the inflammatory
cell response, the following enzyme-linked immunosorbent
assay (ELISA) kits were used, according to the manufac-
turers’ instructions: ferritin ELISA kit EIA-1872, IL-6
ELISA kit EIA-4640, myoglobin ELISA kit EIA-3955, and
hepcidin 25 (bioactive) HS ELISA kit EIA-5782, from DRG
International, Inc. (Springfield, New Jersey USA); human
thiobarbituric acid reactive substances (TBARS) ELISA kit
(catalogue no. 201–12-7298) and human 8-oxo-2′-deoxy-
guanosine (8-OHdG) ELISA kit (catalogue no. 201–12-
1437), from Shanghai SunRed Biological Technology Co.
Ltd. (Shanghai, China); human albumin ELISA kit (cata-
logue no. EA2201–1) from Assaypro LLC (St. Charles, MO,
USA); and TAC Fast Track DM P-4100 from LDN Labor
Diagnostika Nord GmbH & Co. KG (Nordhorn, Germany).
Thermo Scientific Multiscan GO microplate spectropho-
tometer produced by Fisher Scientific Finland (Vantaa,
Finland) was used for the analyses.

Statistical analysis
Sample size calculation was done based on previous
results on the effects of chokeberry supplementation on
TBARS levels in males [32], as the variable of primary
interest in the study, using a calculator available online
[https : //powerandsamples ize .com/Calculators/
Compare-2-Means/2-Sample-1-Sided]. As in the previ-
ous study [32], sample size was increased in the inter-
vention group by setting the sampling ratio as 1.5. The
power was set to 0.8, with the type I error rate of 5%.
The calculated sample size in the intervention group
was n = 12. Shapiro–Wilk W test and visual histogram
assessment were used to test the assumption of
normality.
Two-factor analysis of variance (ANOVA) with group

coefficient (supplemented group/placebo group) and
time (before/after supplementation) was selected for the
analysis of physical fitness variables using aligned rank
transform for nonparametric factorial ANOVA with
ARTool package for R [33]. Post-hoc test for differences
of differences was done using the R package phia [34].
Partial eta-squared was calculated to assess the effect
size of interaction in two-way ANOVA. To assess the
dynamics of biochemical parameters in response to the
physical exercise test, a linear mixed model fit by REML
with t-tests using Satterthwaite’s method was imple-
mented in the R statistical packages lme4 and lmerTest
[35, 36]. Subject factor was set as a random effect. Time
(before vs. just after vs. 3 h after vs. 24 h after the phys-
ical exercise test in the case of biochemical parameters;
and before vs. 3 h after the physical exercise test in the
case of blood morphometry parameters), group (placebo
vs. supplemented), and intervention (before vs. after the
physical exercise programme) were set as fixed effects.

Interaction between fixed effects and the confidence
interval (CI, 95%) for determining the interaction were
calculated. Mean values and standard deviation (SD) are
reported. Alpha level was set to 0.05.

Results
There was no significant interaction of time × group and
VO2max (58.82 ml/kg/min before vs. 60.35 ml/kg/min
after in the juice group, 58.48 ml/kg/min before vs.
60.36 ml/kg/min after in the placebo group) (F = 0.04,
p = 0.84, partial eta-squared = 0.002). Likewise, there was
no significant interaction of time × group and the dis-
tance covered in the beep test (2528.33 (222.9) m, level
13, interval 8 before supplementation vs. 2631.67 (222.1)
m, level 13, interval 13; after supplementation in the
juice group: 2450 (384.9), level 13, interval 7 before
supplementation vs. 2610 (228) m, level 13, interval 13
after in the placebo group; F = 0.02, p = 0.9, partial eta-
squared = 0.001).
Interaction between the intervention × group was

noted for albumin levels (p = 0.03). However, the albu-
min levels were not significantly affected by the physical
exercise test, intervention, and group (Table 4).
Hepcidin levels were not significantly affected by the

physical exercise test, intervention, and group (Table 4).
Interaction between the intervention and group was ob-
served for iron levels (p = 0.0495). However, the iron
levels were not significantly affected by the physical ex-
ercise test, intervention, and group (Table 4). Biochem-
ical analysis of the remaining selected parameters of
inflammation did not reveal any significant interactions
in the supplemented or placebo groups (Table 4).
Further, TBARS levels, 8-OHdG levels, and other pro-

oxidative–antioxidant balance indicators were not
significantly affected by the physical exercise test, inter-
vention, and group (Table 5). Chokeberry supplementa-
tion did not significantly affect blood morphology
(Table 6). Finally, no significant changes in the body
weight, body mass index (BMI), and adipose tissue were
observed after supplementation in any group (Table 7).

Discussion
Physical exercise that competitive sports athletes partici-
pate in may disturb body homeostasis, which in turn
may lead to reduced sports performance and deterior-
ation of health [37]. According to the available literature,
compounds found in chokeberry have strong antioxidant
activity [38]. Anthocyanins are key in this respect, as
they prevent excessive formation of free radicals, namely,
the superoxide, hydroxyl, nitrite, and chlorine radicals
[39, 40]. The anti-radical activity of anthocyanins in-
creases with the number of hydroxyl groups on the B
ring and the arylation of sugar residues with phenolic
acids. Van Acker et al. [41] showed that the ability of
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anthocyanins to remove nitric oxide radical (•NO) is 100
times higher than that of the endogenous antioxidant
glutathione. Anthocyanins chelate transition metal ions
(e.g. iron and copper) via of the presence of hydroxyl
groups on the C ring [42]. Another important feature of
anthocyanins from the health perspective is their ability
to inhibit lipid peroxidation [43]. This property can be
of great importance for reducing haemolysis induced by
intense physical exertion [44, 45].
In the current study, the antioxidant potential of ad-

ministered chokeberry juice was determined using two
methods, DPPH and ABTS, as 8.83 mg/ml and 7.62 mg/

ml (relative to the activity of the Trolox reference com-
pound), respectively. This indicates that the antioxidant
potential of the juice was relatively low compared with
that of chokeberry extracts and fresh fruit [46]. This
might explain the lack of statistically significant effects
of chokeberry supplementation in the current study.
In the current study, the chokeberry juice had no ef-

fect on free radical damage, as determined by the mea-
surements of TBARS and 8-OHdG levels (Table 5).
Petrovic et al. [32] tested the effects of 4-week choke-
berry juice supplementation (100 ml/d) in handball
players. The supplementation resulted in small changes

Table 4 The impact of chokeberry supplementation on selected parameters of inflammation and iron management

Parameters Supplemented group Placebo group p-value
interaction
intervention
* effects of
physical
exercise test
* group

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

Albumin [μg/ml]

Before 4.55 (1.1) 3.55 (0.7) 4.65 (0.9) 4.02 (1.0) 0.23

After 4.85 (0.6) 3.79 (0.6) 5.34 (1.7) 3.69 (0.6)

3 h after 4.46 (0.8) 3.31 (0.5) 5.57 (1.8) 3.63 (0.8)

24 h after 4.33 (1.2) 3.73 (0.9) 5.15 (1.8) 3.23 (0.4)

Myoglobin [ng/ml]

Before 15.23 (7.5) 14.11 (4.3) 19.35 (15.6) 17.64 (8.9) 0.91

After 17.50 (5.8) 17.77 (6.9) 21.21 (17.9) 22.82 (11.0)

3 h after 19.17 (8.3) 14.98 (6.1) 24.16 (14.7) 24.18 (12.3)

24 h after 28.85 (13.6) 17.60 (13.9) 28.25 (16.4) 16.30 (7.5)

IL-6 [pg/ml]

Before 47.44 (13.1) 48.42 (18.8) 42.80 (7.0) 44.51 (4.2) 0.99

After 49.97 (12.7) 54.25 (24.5) 43.83 (2.3) 49.11 (4.8)

3 h after 51.35 (23.1) 47.47 (10.4) 45.75 (11.9) 45.33 (4.0)

24 h after 46.84 (13.7) 46.98 (10.8) 43.97 (5.0) 45.18 (3.9)

Hepcidin [ng/ml]

Before 6.99 (3.5) 9.31 (12.9) 7.34 (8.6) 4.74 (1.6) 0.75

After 7.24 (4.3) 11.29 (16.5) 7.55 (8.8) 4.53 (2.2)

3 h after 7.56 (4.9) 12.42 (15.4) 8.96 (9.1) 7.04 (4.1)

24 h after 8.27 (5.6) 8.69 (11.5) 4.39 (2.8) 4.05 (1.4)

Ferritin [ng/ml]

Before 12.11 (7.2) 13.08 (8.6) 10.09 (4.8) 11.55 (4.3) 0.85

After 12.46 (8.3) 14.84 (9.5) 11.14 (5.7) 13.12 (5.9)

3 h after 11.17 (6.2) 12.76 (8.8) 10.72 (6.0) 10.68 (4.3)

24 h after 11.79 (7.2) 13.14 (9.3) 10.78 (5.4) 11.04 (6.8)

Iron [μg/ml]

Before 97.12 (19.8) 104.67 (43.3) 114.74 (32.5) 120.19 (23.8) 0.13

3 h after 78.35 (20.1) 81.37 (35.2) 88.71 (24.4) 125 (16.7)

(SD) standard deviation, μg/ml micrograms/millilitre, ng/ml nanograms/millilitre, pg/ml picograms/millilitre, before before the test, after after the test, 3 h after 3 h
after the test, 24 h after 24 h after the test
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in the lipid profile and in reduced TBARS levels in
blood; however, these changes were observed only in
men. By contrast, Cikiriz et al. [47] tested the effects of
12-week chockeberry extract supplementation (30 ml/d)
in another group of handball players. Before the supple-
mentation, and after 6 and 12 weeks, the subjects
performed maximal physical exercise on a treadmill.
Some beneficial changes, namely, a reduction of TBARS
level, and increase in haemoglobin content, erythrocyte
counts, and high-density lipoprotein (HDL) levels, were
reported after 6 weeks of supplementation. However, the
composition of the supplement and its antioxidant po-
tential were not described in that study [47].
Intriguingly, García-Flores et al. [48] tested a combin-

ation of chokeberry extract with citrus juice (200 ml of
drink containing 95% fresh citrus juice and 5% choke-
berry extract) in triathlon riders. This combination of in-
gredients significantly reduced post-exercise changes in
the levels of DNA damage markers determined in the
plasma and urine [48]. The above changes were observed
with juice with the anthocyanin content of 53.4 mg. In
the current study, the amount of anthocyanins was four
times higher, i.e. 230.6 mg. Hence, it is likely that a com-
bination of polyphenols, rather than the anthocyanin
content, plays a role in reducing DNA damage.
Analysis of the available literature indicates that the

advantage of compounds derived from chokeberry is

their comprehensive effect on both the immune system
and reduction of oxidative stress, including the ability to
chelate iron ions, which seems to be a key element not
only for iron management. For this reason, we expected
it to reduce markers of oxidative stress. We therefore
expected chokeberry juice supplementation to reduce oxi-
dative stress markers. However, we observed a statistically
insignificant reduction of the average values of oxidative
stress markers tested after the second beep test (after sup-
plementation) in both, the supplemented and control
groups. This may reflect the players’ adaptation to the ap-
plied exercise load. Zügel et al. [49] analysed the cumula-
tive effect of training stress in highly qualified athletes
practising rowing, focusing on hepcidin and parameters
related to iron management. The authors showed that the
levels of hepcidin and ferritin, acute-phase proteins, were
a sensitive indicator of changes in the training load (exer-
cise volume and intensity). In the current study, football
players were subjected to the same training load through-
out the entire study period, which probably explains the
lack of statistically significant differences in the levels of
hepcidin and ferritin. In another study [50], the effect of
physical exercise and supplementation with juice high in
polyphenols (containing chokeberry extract, among other
ingredients) on hepcidin levels was analysed in a group of
triathletes of both sexes. No significant impact of the sup-
plementation on hepcidin levels was noted; instead,

Table 5 Influence of chokeberry supplementation on selected parameters of pro-oxidative-antioxidant balance

Parameters Supplemented group Placebo group p-value
interaction
intervention
* effects of
physical
exercise test
* group

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

TAC [mmol/l]

Before 1.36 (0.3) 1.94 (0.7) 1.03 (0.3) 1.76 (0.5) 0.49

After 0.97 (0.3) 0.74 (0.4) 0.81 (0.3) 0.97 (0.3)

3 h after 1.18 (0.3) 1.52 (0.4) 1.00 (0.3) 1.45 (0.2)

24 h after 1.13 (0.3) 1.77 (0.3) 1.25 (0.5) 1.75 (0.5)

TBARS [nmol/ml]

Before 22.45 (1.9) 17.11 (5.3) 23.92 (3.5) 14.69 (4.6) 0.96

After 22.26 (3.1) 18.58 (7.8) 23.37 (3.9) 14.36 (3.6)

3 h after 21.01 (2.9) 18.53 (6.8) 24.09 (3.6) 16.18 (3.6)

24 h after 21.47 (3.2) 16.85 (5.7) 24.24 (6.2) 15.18 (5.1)

8-OHdG [ng/ml]

Before 3.2 (0.8) 2.04 (0.5) 4.02 (1.4) 1.87 (0.3) 0.41

After 3.01 (0.8) 2.28 (0.7) 4.13 (1.6) 2.09 (0.4)

3 h after 3.04 (0.9) 2.12 (0.5) 3.28 (1.0) 1.98 (0.3)

24 h after 3.12 (0.6) 1.99 (0.8) 3.35 (1.0) 1.73 (0.2)

SD standard deviation, mmol/l millimoles/litre, nmol/ml nanomoles/millilitre, ng/ml nanograms/millilitre, TBARS thiobarbituric acid reactive substances, TAC total
antioxidant capacity, 8-OHdG 8-oxo-2′-deoxyguanosine, before before the test, after after the test, 3 h after 3 h after the test, 24 h after 24 h after the test
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hepcidin level reduction was shown to be associated with
the adaptation of players’ bodies to the applied exercise
load.
In the current study, iron levels 3 h after the beep test

decreased in the supplemented group and increased in the
control group; however, these differences were not statisti-
cally significant. Similar changes in iron levels after sup-
plementation with chokeberry (150ml/d) were observed
in a group of rowers in our previous study [51]. According
to a cell line-based study, anthocyanins are inserted into
the outer part of the erythrocyte membrane [52]. Their
presence in the hydrophilic part of the membrane forms a
protective shield against free radicals, among others, thus

rendering them safe and effective antioxidants. Probably
this fact may be explained by the decreased level of iron
compared to the control group [52].
Iron ion chelation by active compounds present in

chokeberry [53] might counteract muscle fibre damage.
However, in the current study, we did not observe
significant changes in the levels of myoglobin, a marker
of muscle fibre damage. Specifically, myoglobin levels
showed a downward trend in the group supplemented
with chokeberry, but increased in the control group 3 h
after physical exercise test after supplementation.
Anthocyanins modulate inflammation, both because of

their ability to sequester iron [54] and because of their

Table 7 Body mass, body mass index and body fat level changes

Parameters Supplemented group Placebo group p-value
intervention
* group
interaction

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

Weight [kg] 68.42 (6.7) 69.4 (6.4) 63.66 (5.6) 64.44 (5.5) 0.97

BMI [kg/m2] 21.1 (1.9) 22.1 (1.7) 20.51 (1.4) 20.75 (1.3) 0.96

Body fat [%] 12.9 (1.6) 10.8 (1.9) 13.8 (1.9) 11.7 (0.6) 0.84

SD standard deviation, BMI body mass index, body fat percentage body fat

Table 6 Effects of periods of antioxidant supplementation on blood morphology before and after physical exercise test

Supplemented group Placebo group p-value
interaction
intervention
* effects of
physical
exercise test
* group

Parameters before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

before
supplementation
Mean (SD)

after
supplementation
Mean (SD)

WBC [K/μl]

before 7.80 (1.5) 7.05 (1.7) 7.57 (2.7) 6.79 (2.6) 0.78

3 h after 9.75 (2.2) 9.13 (1.5) 9.95 (4.2) 9.61 (3.0)

RBC [× 1012/l]

before 4.89 (0.2) 5.07 (0.3) 4.75 (0.2) 4.98 (0.3) 0.82

3 h after 4.86 (0.2) 4.87 (0.3) 4.68 (0.3) 4.77 (0.2)

Hb [g/dl]

before 14.45 (0.6) 14.86 (0.9) 14.21 (0.5) 14.93 (0.8) 0.86

3 h after 14.37 (0.5) 14.34 (0.9) 14.01 (0.7) 14.23 (0.8)

Hct [%]

before 40.76 (1.6) 42.48 (2.2) 39.70 (1.5) 42.03 (2.4) 0.79

3 h after 40.26 (1.5) 40.40 (2.1) 38.91 (2.3) 39.43 (2.5)

Fe [μg/dl]

before 97.12 (19.8) 104.67 (43.3) 114.74 (32.5) 120.19 (23.8) 0.13

3 h after 78.35 (20.1) 81.37 (35.2) 88.71 (24.4) 125 (16.7)

LA [mmol/l]

before 1.45 (0.3) 1.60 (0.3) 1.56 (0.3) 1.48 (0.2) 0.72

after 9.85 (2.4) 10.58 (1.8) 9.62 (1.9) 10.56 (1.8)

SD standard deviation, WBC white blood cells, RBC red blood cells, Hb haemoglobin, Hct haematocrit, Fe iron, LA lactate acid
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regulation of various components of the immune system
involved in the development of inflammation [55]. For
instance, Ohgami et al. [56] showed that chokeberry ex-
tract has a strong anti-inflammatory effect on
endotoxin-induced uveitis in rat. The authors also ob-
served that the number of inflammatory cells, protein
concentration, and levels of NO, pyrogenic prostaglandin
E2, and tumour necrosis factor α in the aqueous humour
in animal groups treated with crude chokeberry extract
were significantly reduced, and the effect size was dose-
dependent [56]. Consequently, standardization of the
content of anthocyanin compounds, which play a key
health-protective role, in chokeberry products should be
considered for their use.
One of the potential limitations of the current study is

the relatively small sample size (n = 12 and n = 8 in the
supplemented and placebo groups, respectively). Future
studies examining the antioxidant effect of chokeberry in
professional athletes should incorporate larger sample
size and/or implement crossover design. In addition,
participant play position or volume of competition play
(starters vs. non-starters) was not considered in the
randomization process in the current study. These fac-
tors should be addressed in future studies. Furthermore,
the diet regime was not controlled in the current study,
and potential changes in the amount of fruit and/or
vegetable consumption might have interfered with the
intervention [57]. In addition, subject compliance was
not controlled. Implementation of a web-based app with
reminders of the supplementation time and dosage
might potentially resolve this problem.

Conclusions
Chokeberry juice supplementation of footballers’ diet did
not affect the indicators of inflammation and iron man-
agement, pro-oxidative-antioxidant balance, and blood
morphology determined during the applied stress test.
This could be explained by both, good adaptation of the
athletes to the applied exercise load and the insufficient
antioxidant capacity of the chokeberry juice tested. Be-
cause of the relatively small sample size in the current
study, further studies should be conducted with a larger
sample and/or implementation of crossover design. Fur-
ther research should consider the supply of chokeberry
in a more concentrated form, e.g. as a concentrate or
lyophilizate, to compare the effects of chokeberry sup-
plement types (e.g. juice, concentrate, mixtures) or of
various levels of antioxidant potential. Extremely inten-
sive physical exercise can potentially lead to excessive
muscle damage, which would decrease training progress.
Hence, future research should examine the possible
mitigating effects of chokeberry juice on muscle damage
and training progress improvement.
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