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Ocena częstotliwości spożywania warzyw, owoców i produktów 
bogatych w antyoksydanty przez amatorów i zawodowych 

sportowców 

Streszczenie 

Sportowcy należą do grupy o szczególnych wymaganiach żywieniowych. Nasilona aktywność 
fizyczna może powodować zaburzenia równowagi oksydacyjno-redukcyjnej. Celem pracy była 
ocena częstości spożywania produktów spożywczych bogatych w przeciwutleniacze wśród ama-
torów i zawodowców uprawiających wybrane dyscypliny sportu. W badaniu wzięło udział 119 
sportowców. Grupa badana składała się z amatorów uprawiający kulturystykę i CrossFit oraz za-
wodowych piłkarzy i szczypiornistów. Wykorzystano autorski kwestionariusz oceniający częstotli-
wość spożycia wybranych produktów o wysokiej zawartości przeciwutleniaczy. Najwyższa często-
tliwość spożycia surowych owoców wśród amatorów wynosiła 5–6 razy w tygodniu (40,68%,  
n = 24). Profesjonaliści sportowi zwykle raportowali 1 porcję dziennie (26,67%, n = 16). Największa 
częstotliwość spożycia surowych warzyw wynosiła 2–4 porcje tygodniowo (37,29%, n = 22) w gru-
pie amatorów oraz 5–6 porcji tygodniowo (33,33%, n = 20) w grupie profesjonalistów. Oceniono 
dodatkowo spożycie czerwonego wina. Większość respondentów z grupy amatorów (47,46%,  
n = 28) i profesjonalistów (41,67%, n = 25) nie spożywała wina. Wszyscy respondenci spożywali 
produkty spożywcze zawierające antyoksydanty w ilościach znacznie mniejszych niż zalecane. Uzyskane 
wyniki wskazują na potrzebę opracowania zaleceń żywieniowych dla sportowców w zakresie produk-
tów żywnościowych bogatych w antyoksydanty, a także odpowiedniej edukacji żywieniowej. 

Słowa kluczowe: przeciwutleniacze, częstotliwość spożycia pokarmów, sportowcy, wolne rod-
niki, piłka nożna, piłka ręczna, kulturystyka, CrossFit. 

Abstract 

Athletes belong to a group with special nutritional needs. Strenuous physical activity causes an im-
balance of oxidation reduction. The purpose of the study was to assess the frequency of consuming 
antioxidant-rich food products among amateurs and professionals practicing selected sports. A total of 
119 athletes were included in the study. The study group consisted of amateur bodybuilders and Cross-
Fit athletes, as well as professional football and handball players. A validated original questionnaire as-
sessing the frequency of consumption of selected high-antioxidant products was used. The highest fre-
quency of consuming raw fruits among amateur athletes was 5-6 times a week (40.68%, n = 24). Sport 
professionals usually reported 1 serving a day (26.67%, n=16). The highest frequency of consumption 
of raw vegetables was 2-4 portions a week (37.29%, n=22) in amateurs group, and 5-6 portions weekly 
(33.33%, n = 20) in professionals group. In addition, we evaluated the intake of red wine. Most of the 
amateurs (47.46%, n = 28) and professionals (41.67%, n = 25) did not consume wine. All the respond-
ents consumed food products containing antioxidants in quantities that were much lower than those 
recommended. The obtained findings indicate the need to develop dietary recommendations on anti-
oxidant-rich food products for athletes, as well as appropriate nutritional education. 

Keywords: antioxidants, food frequency, athletes, free radicals, football, handball, bodybuild-
ing, CrossFit. 
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Introduction 

The formation of reactive oxygen species (ROS) during exercise is a normal 
and necessary response to the body’s adaptation to high physical load [13]. Sev-
eral hundred different transcripts, including genes, are created that encode an-
tioxidant proteins involved in oxygen transport, inflammatory and immune re-
sponses, and muscular hypertrophy during the first 24 hours after physical ex-
ercise as a consequence of the activity of reactive oxygen species [3]. On the 
other hand, inhibition of ROS production due to excess use of antioxidants com-
promises the athlete’s adaptation to oxidative stress and physical exercise [12]. 
Normal dietary intake of products that are a source of antioxidants ensures  
a proper response to physical exercise. Furthermore, it eliminates the destruc-
tive effects of reactive oxygen species that can cause many diseases, such as 
cancer, glaucoma, or diabetes [12, 18]. Inadequate antioxidant supplementation 
may lead to impaired training adaptation and have a negative rather than posi-
tive impact on sport performance. A well-balanced diet is a key element and  
a natural source of antioxidants for athletes [12, 5, 20]. 

Training can have positive or negative effects on oxidative stress depending 
on the training load, training specificity, and the basal level of training [21]. The 
level of oxidative stress has varied between studies and appears to depend, 
among all, on the type, intensity, volume, and duration of exercise [22]. This 
leads to differences in oxidative status between athletes in different sport disci-
plines [23]. Both acute aerobic and anaerobic exercise has the potential to result 
in increased free radical production, which may or may not result in acute oxi-
dative stress [24]. In order for oxidative stress to occur, ROS produced during 
exercise must exceed the antioxidant defense system present, resulting in oxi-
dative damage to specific biomolecules. Different exercise protocols may induce 
varying levels of ROS production, as oxidative damage has been shown to be 
intensity and duration-dependent [25]. During low intensity and duration pro-
tocols, antioxidant defenses appear sufficient to meet ROS production, but as 
intensity and/or duration of exercise increases, these defenses are no longer 
adequate, potentially resulting in oxidative damage to surrounding tissues [26]. 

Aero-anaerobic type of physical activity includes more mechanisms for the 
production of oxidative stress [28]. Therefore, four different disciplines charac-
terized by different types of activity were included in the study group. 

Bodybuilding is a highly static activity aimed at muscle hypertrophy, charac-
terized by anaerobic activity. CrossFit, on the other hand, is a high-intensity 
power training that involves mainly aero-anaerobic activities, as well as purely 
interval efforts, i.e., football and handball. 

The purpose of the study was to assess the frequency of consuming high-
antioxidant food products among amateurs and professionals performing se-
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lected sports disciplines. We hypothesized that professional athletes would be 
characterized by a higher intake of antioxidant-containing products. 

Methods 

Participant Recruitment 

The study included professional football and handball athletes and amateur 
bodybuilding and CrossFit athletes. The sports clubs included in the survey were 
located in the Silesian agglomeration and were selected for the study at random. 
The clubs' authorities agreed to conduct the survey among the players. The pro-
fessional groups included players of PKO BP Ekstraklasa clubs (top Polish profes-
sional football league) and PGNiG Superliga clubs (top Polish professional hand-
ball league). The inclusion criteria for this group were 18 years of age or older 
and practising a professional sport of football or handball. For amateur groups, 
recreationally active bodybuilding and CrossFit athletes attended training ses-
sions in 2 randomly selected gyms in the Silesian agglomeration. Inclusion crite-
ria for amateurs group were to be at least 18 years of age, agreeing to partici-
pate in the study, and practise amateur bodybuilding or CrossFit at least 3 times 
a week for 60 minutes. 

Outcome measures 

An original questionnaire including the respondent's details and study ques-
tions was used in the study. Personal data included age (years), body height 
(cm), body mass (kg), as the well as type of sports discipline and practice dura-
tion. The questions included in the main part of the questionnaire referred to 
eating habits, which were determined by assessing the frequency of consuming 
selected food products considered to be sources of antioxidants. The question-
naire contained 9 questions on the frequency of consumption of food products, 
the questions were single choice. The athletes completed the questionnaires in-
dividually during consultations with the person conducting the survey. The time 
to complete the questionnaire was 15 minutes. The internal consistency, estab-
lished with the use of the Cronbach’s alpha test, was 0.88. 

Data Analysis 

Six categories of consumption frequency (never; 1–2 portions per week; 3–
4 portions per week; 5–6 portions per week; 1 portion daily; minimum two por-
tions daily) were established to assess consumption rates for each product. Each 
category was assigned a rank from 1 to 6 (R) according to increasing frequency. 
The mean scores and standard deviation (SD) for the frequency of consumption 
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of each product and the mean rank deviation were calculated in both groups. 
The results obtained were analyzed statistically using Statistica v.10.0 software 
(StatSoft, Palo Alto, CA, USA).  

Compliance of the variables with normal distribution was verified using the 
Shapiro-Wilk test prior to statistical testing. The Kruskal-Wallis test was used to 
check for equality across the groups. For the comparison of two groups (ama-
teurs/professionals), the Mann Whitney U test was used. On the other hand,  
a non-parametric Kruskalla-Walis ANOVA was used to compare several groups 
(sports groups). As for correlation analysis, Spearman’s correlation was used to 
determine the relationship between variables and training experience in the 
general population. The significance level was established at α < 0.05. 

Results 

Participant characteristics 

A total of 119 athletes were included in the study. The first group consisted 
of amateurs practising bodybuilding (n = 33) and CrossFit (n = 26), while the sec-
ond group included professional footballers (n = 30) and handball players  
(n = 30). The characteristics of the study group are shown in Table 1. 

Table 1. Characteristics of the study group (mean ± SD) 

Variable 

Professionals (n = 60) Amateurs(n = 59) 

Football 
(n = 30) 

Handball 
(n = 30) 

Bodybuilding 
(n = 33) 

CrossFit 
(n = 26) 

Age [years] 23.90 ± 4.08 24.37 ± 4.15 25.00 ± 4.00 24.30 ± 3.78 

Body mass [kg] 77.2 ± 4.96 81.50 ± 7.05 81.9 ± 8.89 89.69 ± 8.97 

Body height [cm] 182.70 ± 6.42 184.47 ± 6.7 182.18 ± 6.38 182.61 ± 6.28 

BMI [kg/m2] 23.33 ± 1.40 24.1 ± 2.10 25.4 ± 3.40 22.11 ± 1.87 

Training experience 
[years] 

9.00 ± 1.34 7.17 ± 0.64 3.24 ± 0.32 3.00 ± 0.32 

Nutritional habits 

Statistically significant differences were found in the frequency of consump-
tion of some of the products. The amateur respondents showed significantly 
higher intake of raw vegetables (p = 0.02) and steamed coffee (p = 0.04). The 
professional groups responded statistically significantly more often to the con-
sumption of raw fruit (p = 0.02), red wine (p = 0.04), and tea (p = 0.01). 

Raw fruit was consumed more often by the amateur groups. Most of the 
respondents in the professional groups declared 1 portion a day. In amateur 
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groups, most of the respondents declared 3–4 portions of raw vegetables  
a week, whereas most of the respondents in professional groups consumed 5–
6 portions per week. Raw vegetable oils were usually incorporated into meals 
3–4 times a week. The respondents most often consumed herbs and spices 5–6 
times a week. Most of the respondents in amateur groups consumed tea 3–4 
times a week, while the majority of the respondents in the professional groups 
did not. The majority of the respondents in both groups declared that they did 
not consume natural cocoa. Coffee was most often consumed by amateur ath-
letes 1–2 times a week, while most of the professional sportspeople did not con-
sume brewed coffee. 

The analysis of the frequency of consumption of antioxidant-rich products, 
including mean consumption frequency ranks, standard deviations, and statisti-
cally significant differences between amateur and professional athletes prac-
tising selected sport disciplines is presented in Table 2. 

Table 2. Frequency of consumption of selected antioxidant-rich products in the amateurs and pro-
fessionals (mean ± SD) 

Food products 
Amateurs 

(n = 59) 
Professionals 

(n = 60) 
p value 

Raw fruit 
(1 portion = 2 handfuls of raspberries, 2 manda-
rins, 1 apple, 2 kiwis, 1 orange) 

3.51 ± 0.88 3.77 ± 1.29 0.02 

Raw vegetables 
(1 portion = 1 carrot, 100 g of cauliflower, 1 to-
mato, ½ pepper) 

4.09 ± 1.05 3.73 ± 1.13 0.02 

Vegetable oils eaten raw 
(1 portion = 1 tablespoon of oil) 

3.70 ± 1.44 3.33 ± 1.17 0.28 

Herbs and spices 
(1 portion = 1 teaspoon of herbs or spices) 

3.63 ± 1.26 3.68 ± 1.11 0.29 

Red wine 
(1 portion = 1 glass / 100 ml) 

1.93 ± 1.15 1.94 ± 0.93 0.04 

Tea 
(1 portion = 1 mug / 200 ml) 

2.98 ± 1.07 3.07 ± 1.51 0.01 

Natural cocoa 
(1 portion = 1 drink / 200 ml, 1 spoon powder /  
10 g) 

1.80 ± 1.03 1.85 ± 1.27 0.42 

Steamed coffee 
(1 portion = 1 cup / 200 ml) 

2.63 ± 1.39 2.57 ± 1.74 0.04 

Raw juice 
(1 portion = 1 glass/ 200 ml) 

2.03 ± 1.13 2.27 ± 1.23 0.31 

Statistically significant differences were found in the consumption of red 
wine (p = 0.001), tea (p = 0.001), steamed coffee (p = 0.02) and fresh juice  
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(p = 0.04) depending on the sport played. The football players consumed less 
red wine and more tea and fresh juice than other athletes, while the handball 
players consumed less steamed coffee than other athletes. The results are 
shown in Table 3. 

Table 3. Frequency of consumption of selected antioxidant-rich products according to disciplines 
(mean ± SD)  

Food products 
Bodybuild-
ing (n = 33) 

CrossFit 
(n = 26) 

Football 
(n = 30) 

Handball 
(n = 30) 

p value 

Raw fruits 
(1 portion= 2 handfuls of rasp-
berries, 2 mandarins, 1 apple, 2 
kiwis, 1 orange) 

3.58 ± 0.70 3.83 ± 0.51 3.42 ± 0.59 3.70 ± 0.57 0.15 

Raw vegetables 
(1 portion = 1 carrot, 100 g of 
cauliflower, 1 tomato, ½ pep-
pers) 

4.18 ± 0.55 3.96 ± 0.56 3.90 ± 0.58 3.57 ± 0.69 0.12 

Vegetable oils eaten raw 
(1 portion = 1 tablespoon of oil) 

3.81 ± 0.53 3.54 ± 0.37 3.37 ± 0.46 3.30 ± 0.54 0.20 

Herbs and spices 
(1 portion = 1 teaspoon of herbs 
or spices) 

3.73 ± 0.57 3.31 ± 0.57 3.50 ± 0.43 3.70 ± 0.54 0.28 

Red wine 
(1 portion = 1 lamp / 100 ml) 

1.89 ± 0.20 2.00 ± 0.35 1.33 ± 0.35 2.10 ± 0.39 0.001 

Tea 
(1 portion = 1 glass / 200 ml) 

3.06 ± 0.43 2.89 ± 0.46 3.57 ± 0.49 2.57 ± 0.51 0.001 

Natural cocoa 
(1 portion = 1 glass drink /  
200 ml, 1 spoon powder / 10 g) 

1.94 ± 0.27 2.89 ± 0.46 1.62 ± 0.26 1.57 ± 0.26 0.46 

Steamed coffee 
(1 portion = 1 glass / 200 ml) 

2.52 ± 0.44 2.77 ± 0.20 3.10 ± 0.32 1.97 ± 0.21 0.02 

Raw juice 
(1 portion = 1 glass/200 ml) 

1.79 ± 0.25 2.08 ± 0.24 2.70 ± 0.32 1.83 ± 0.30 0.04 

There were no statistically significant differences in the frequency of con-
sumption of antioxidant-rich products according to training experience. 

Discussion 

Athletes have special nutritional requirements as a number of processes in 
the body intensify during physical exercise. This is associated with an increased 
demand for energy, nutrients, vitamins, and minerals [12, 18]. The demand for 
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antioxidant compounds, which are a key element in maintaining body homeo-
stasis, also increases [8, 2]. 

The study showed that the amateur and professional athletes practising se-
lected sport disciplines commit many nutritional errors and do not incorporate 
appropriate amounts of antioxidant-rich products into their meals. The most 
commonly overlooked food products include raw vegetables, raw vegetable oils, 
herbs and spices, tea, natural cocoa, and fresh juices. Raw vegetables were con-
sumed on average 3–6 times a week, vegetable oils 3–4 times weekly, herbs and 
spices 5–6 times a week. The sport amateurs consumed tea 3–4 times a week, 
whereas the sport professionals usually resigned from tea. The athletes usually 
did not incorporate natural cocoa and fresh juices into their diet. 

Most studies investigating post-training regeneration in athletes tend to fo-
cus on supplementation rather than food products. It is not easy to assess the 
impact of food due to difficulties in grouping products based on the type and 
content of antioxidants. However, the protective effects of diets that contain 
natural sources of antioxidants are probably equivalent to or even more benefi-
cial than those of supplements. Food contains antioxidants in natural propor-
tions, allowing synergistic action to optimize the effects. A diet rich in antioxi-
dants may represent a non-pharmacological and natural way to maintain physi-
ological homeostasis [7]. 

When comparing the results to the food pyramid for athletes developed by 
the Swiss Society for Nutrition, it can be seen that the frequency of consumption 
of selected food products is not in line with the recommended standards [8, 2, 
7]. Raw fruit was consumed in 5–6 portions a week by most of the respondents 
in amateur groups and 1 portion daily in professional groups, while the recom-
mended intake is 2 portions a day. According to current recommendations, 3 
servings of vegetables should be consumed daily, while our results indicate 5–6 
portions a week in the professional sportsmen and 3–4 portions a week in the 
amateurs. The food pyramid includes recommendations on raw fat intake. The 
recommended amount is one serving, that is, about 10 g. Both the professional 
and amateur athletes practising selected sports disciplines usually consumed 3–
4 servings a week. The food pyramid suggests the possibility of replacing 1 serv-
ing of vegetables or fruit with 200 ml of juice. A large proportion of the respond-
ents (42.37% in the amateur groups and 35% in the professional groups) did not 
consume products from this group [16]. 

Cristian Petri et al. evaluated eating habits among Italian elite football play-
ers playing in the 2014–2015 season during the preparatory period, during the 
match season, and after the season [10]. The authors showed that their dietary 
habits were not in line with the recommended international guidelines. The in-
take of vegetables and fruits deviated from accepted standards, while the intake 
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of vegetable oils was considered sufficient [10]. Our findings confirm that the 
intake of raw oils was 3–4 servings a week in both groups. 

In their work, Sousa and Teixeira presented cherries, blueberries, and pom-
egranate as products showing beneficial effects on changes occurring after 
physical exercise [14]. Cherries show anti-inflammatory properties by inhibiting 
cyclooxygenase-2 activity, as well as they reduce pain. The meta-analysis sug-
gested an improvement in sport performance after incorporating cherries into 
the diet of athletes [14]. Hawtson et al. conducted their study in 20 recreational 
marathon runners, who were divided into two groups. The first group consumed 
cherry juice and the other group received placebo for 5 days before the mara-
thon, on the day of the marathon and for two days after the run. Inflammation 
and antioxidant status were assessed before and after the race. Reduced IL-6, 
CRP and uric acid, an increase of approximately 10% in TAS, as well as a reduc-
tion in TBARS after 24 hours were shown in the cherry juice [4]. Abbas Yavari et 
al. found out that a well-balanced diet rich in natural antioxidants and phytochem-
icals is the best recommendation regarding antioxidant intake in athletes [6].  

Practical recommendations 

Regular intake of fresh fruit and vegetables, grains, legumes, and seeds is an 
effective and safe way to maintain oxidant balance in physically active individu-
als. Increased production of free radicals induced by strenuous exercise may ex-
ceed the body’s defense mechanisms and promote oxidative conditions. How-
ever, both positive and negative aspects of the generation of free oxygen spe-
cies in athletes are contemplated. Scientific reports presenting controversial 
data have been published, some authors claiming that antioxidant supplemen-
tation prevents healthy effects of physical exercise and can be harmful by delay-
ing muscle regeneration, as well as that it may also reduce the positive effects 
of physical exercise on increasing insulin sensitivity [4, 19]. 

Vitamin C used at different doses, alone or in combination with other anti-
oxidants, is the most widely used antioxidant [11]. The results on the protective 
role of the vitamin are inconsistent, and the used dose is one of the key deter-
minants of these differences. 

A dose of 200 mg/day may be considered optimal as it allows full cell satu-
ration [1]. A diet including five to nine portions of raw or steamed fruit and veg-
etables, and 200 ml of fresh orange juice is able to provide the proposed 200 mg 
dose of vitamin C. The vitamin C intake range is 95 to 520 mg per day for male 
athletes [1]. Vitamin C supplementation at a dose greater than 1 g per day may 
induce pro-oxidative effects, as shown in a study in 23 athletes subjected to 
strenuous physical activity [15]. 
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Polyphenols, such as quercetin, curcumin, resveratrol, and catechin, are an 
important class of antioxidants. The study was carried out in young, fit and phys-
ically active people who received 500 mg of quercetin and 250 mg of vitamin C 
supplementation for 8 weeks. The study confirmed a reduction in oxidative 
stress and increased exercise capacity [11]. 

Resveratrol is an example where the results of many studies show a narrow 
border between antioxidant and oxidant properties, both in vitro and in vivo, in 
acute and chronic supplementation [11]. At a dose of 100 µM, it can switch from 
antioxidant to pro-oxidant behavior, increasing in vitro DNA damage with inten-
sity depending on the basic oxidative stress [15]. Our study showed that 52.54% 
of the respondents in the amateur groups and 58.33% of the respondents in the 
professional groups consume red wine.. Despite the positive effects of some 
compounds contained in wine, e.g., resveratrol, the beverage contains alcohol, 
which should be completely eliminated from the diet [11]. 

Ostman et al. investigated the effects of coenzyme Q10 supplementation on 
oxidative stress and physical performance in their randomized 8-week study. 
The daily dose of coenzyme Q10 was 90 mg. The other group received a placebo. 
The subjects were aged 19 to 44. The tests were performed before and after the 
intervention. No differences were found for the levels of hypoxanthine and uric 
acid, which are serum markers of oxidative stress [9, 17]. In the available litera-
ture, no studies on the frequency of consumption of antioxidant-rich products 
have been found. Therefore, the findings obtained may be of comparative value. 

Study limitations 

One of the limitations of the conducted research is the size of the study 
group; however, it should be emphasized that many exclusion criteria were de-
fined. The limitation of the study is the lack of representativeness of players 
from other clubs and other sports disciplines. However, such an attempt is 
worth considering and such studies are planned by the authors. Surveys are sub-
ject to the risk of error; however, it should be pointed out that the authors made 
every effort to minimize the systematic error in the study. 

Conclusions 

Based on the results obtained, it was found out that both the professional 
and amateur athletes consumed food products containing antioxidants in quan-
tities significantly different from the recommended ones. There were no signif-
icant differences in the intake of antioxidant-rich products depending on the 
sport practice or training experience. The obtained findings indicate the need to 
develop dietary recommendations on an antioxidant-rich diet for athletes. 



 Evolution of the frequency… 93 

STATEMENT OF ETHICS 

This study was conducted in accordance with the World Medical Association Declaration of Helsinki. 
The study protocol was reviewed and approved by the Bioethics Committee of the Silesian Medical 
University in Katowice (PCN/0022/KB/68/I/20, Katowice, Poland). All participants provided written in-
formed consent to participate in this study. 

DECLARATION OF CONFLICTING INTERESTS 

The authors declared no potential conflicts of interests with respect to the research, authorship, and/or 
publication of the article Evaluation of the frequency of consumption of vegetables, fruits and prod-
ucts rich in antioxidants by amateur and professional athletes. 

FUNDING 

The authors received no financial support for the research, authorship, and/or publication of the 
article Evaluation of the frequency of consumption of vegetables, fruits and products rich in anti-
oxidants by amateur and professional athletes. 

References 

[1] Braakhuis A.J., Hopkins W.G., Lowe T.E. (2013): Effects of dietary antioxi-
dants on training and performance in female runners. European Journal of 
Sport Science, vol. 14 (2), pp. 160–168; https://doi.org/10.1080/17461391. 
2013.785597. 

[2] Braakhuis A.J., Hopkins W.G. (2015): Impact of Dietary Antioxidants on Sport 
Performance: A Review. Sports Medicine, vol. 45 (7), pp. 939–955; 
https://doi.org/10.1007/s40279-015-0323-x. 

[3] Gomez-Cabrera M.C., Domenech E., Romagnoli M., Arduini A., Borras C., 
Pallardo F.Y., Sastre J., Vina J. (2008): Oral administration of vitamin C de-
creases muscle mitochondrial biogenesis and hampers training-induced ad-
aptations in endurance performance. The American Journal of Clinical Nu-
trition, vol. 87 (1), pp. 142–149; https://doi.org/10.1093/ajcn/87.1.142. 

[4] Howatson G., McHugh M.P., Hill J.A., Brouner J., Jewell A.P., van Someren 
K.A., Shave R.E., Howatson S.A. (2010): Influence of tart cherry juice on indi-
ces of recovery following marathon running. Scandinavian Journal of Medi-
cine and Science in Sports, vol. 20 (6), pp. 843–852; https://doi.org/ 
10.1111/j.1600-0838.2009.01005.x. 

[5] Junzhe J., Guofu L., Hong H., Dong X., Hao Y., Xu M., Lisi Z., Dongyan M., 
Honglei J. (2014): Capsaicin mediates cell cycle arrest and apoptosis in hu-
man colon cancer cells via stabilizing and activating p53. International Jour-
nal of Biological Sciences, vol. 10 (3), pp. 285–295; https://doi.org/ 
10.7150/ijbs.7730.  

https://doi.org/10.1080/17461391.2013.785597
https://doi.org/10.1080/17461391.2013.785597
https://doi.org/10.1007/s40279-015-0323-x
https://doi.org/10.1093/ajcn/87.1.142
https://doi.org/10.1111/j.1600-0838.2009.01005.x
https://doi.org/10.1111/j.1600-0838.2009.01005.x
https://doi.org/10.7150/ijbs.7730
https://doi.org/10.7150/ijbs.7730


94 Wiktoria STAŚKIEWICZ et al. 

[6] Mankowski R.T., Anton S.D., Buford T.W., Leeuwenburgh C. (2015): Dietary 
Antioxidants as Modifiers of Physiologic Adaptations to Exercise. Medicine 
& Science in Sports & Exercise, vol. 47 (9), pp. 1857–1868; https://doi.org/ 
10.1249/MSS.0000000000000620. 

[7] McGinley C., Shafat A., Donnelly A.E. (2009): Does antioxidant vitamin sup-
plementation protect against muscle damage? Sports Medicine, vol. 39 
(12), pp. 1011–1032. 

[8] Nobili S., Lippi D., Witort E., Donnini M., Mini E., Copaccioli S. (2009): Natural 
compounds for cancer treatment and prevention. Pharmacological Research, 
vol. 59 (6), pp. 365–378; https://doi.org/10.1016/j.phrs.2009.01.017. 

[9] Ostmn B., Sjodin A., Michaelsson K., Byberg L. (2012): Coenzyme Q10 sup-
plementation and exercise-induced oxidative stress in humans. Nutrition, 
vol. 28 (4), pp. 403–417; https://doi.org/10.1016/j.nut.2011.07.010. 

[10] Petri C., Mascherini G., Pengue L., Galanti G. (2016): Dietary habits in elite 
soccer players. Sport Science for Health, 12 (1), pp. 113–119; https:// 
doi.org/10.1007/s11332-016-0264-2. 

[11] Pingitore A., Lima G. P., Mastoci F., Quinones A., Iervasi G., Vassalle C. 
(2015): Exercise and oxidative stress: Potential effects of antioxidant dietary 
strategies in sports. Nutrition, vol. 31 (7–8), pp. 916–922; https://doi.org/ 
10.1016/j.nut.2015.02.005. 

[12] Powers S.K., Jackson M.J. (2008): Exercise-induced oxidative stress: cellular 
mechanisms and impact on muscle force production. Physiological Reviews, 
vol. 88 (4), pp. 1243–1276; https://doi.org/10.1152/physrev.00031.2007. 

[13] Powers S.K., Ji L.L., Kavazis A.N., Jackson M.J. (2011): Reactive oxygen spe-
cies: Impact on skeletal muscle. Comprehensive Physiology, vol. 1 (2),  
pp. 941–969; https://doi.org/10.1002/cphy.c100054. 

[14] Sousa M., Teixeira V.H., Soares J. (2014): Dietary strategies to recover from 
exercise-induced muscle damage. International Journal of Food Sciences 
and Nutrition, vol. 65 (2), pp. 151–163; https://doi.org/10.3109/ 
09637486.2013.849662. 

[15] Tomasello B., Grasso S., Malfa G., Stella S., Favetta M., Renis M. (2012): Dou-
ble-face activity of resveratrol in voluntary runners: assessment of DNA 
damage by comet assay. Journal of Medicinal Food, vol. 15 (5), pp. 441–
447; https://doi.org/10.1089/jmf.2011.0173. 

[16] Walter P., Infanger E., Mühlemann P. (2007): Food Pyramid of the Swiss So-
ciety for Nutrition. Annals of Nutrition and Metabolism, vol. 51 (2), pp. 15–
20; https://doi.org/10.1159/000103562. 

[17] Weber C., Sejersgard Jakobsen T.S., Mortensen S.A., Paulsen G., Holmer G. 
(1994): Antioxidative effect of dietary coenzyme Q10 in human blood 
plasma. Molecular Aspects of Medicine, vol. 64 (4), pp. 311–315; 
https://doi.org/10.1016/0098-2997(94)90018-3. 

https://doi.org/10.1249/MSS.0000000000000620
https://doi.org/10.1249/MSS.0000000000000620
https://doi.org/10.1016/j.phrs.2009.01.017
https://doi.org/10.1016/j.nut.2011.07.010
https://doi.org/10.1007/s11332-016-0264-2
https://doi.org/10.1007/s11332-016-0264-2
https://doi.org/10.1016/j.nut.2015.02.005
https://doi.org/10.1016/j.nut.2015.02.005
https://doi.org/10.1152/physrev.00031.2007
https://doi.org/10.1002/cphy.c100054
https://doi.org/10.3109/09637486.2013.849662
https://doi.org/10.3109/09637486.2013.849662
https://doi.org/10.1089/jmf.2011.0173
https://doi.org/10.1159/000103562
https://doi.org/10.1016/0098-2997(94)90018-3


 Evolution of the frequency… 95 

[18] Wong S. (2011). Apoptosis in cancer from pathogenesis to treatment. Jour-
nal of Experimental & Clinical Cancer Research, vol. 30 (1), pp. 87; https:// 
doi.org/10.1186/1756-9966-30-87. 

[19] Yavari A., Javadi M., Mirmiran P., Bahadoran Z. (2015): Exercise-Induced Ox-
idative Stress and Dietary Antioxidants. Asian Journal of Sports Medicine, 
vol. 6 (1), pp. 1–7; https://doi.org/10.5812/asjsm.24898. 

[20] Zamarron B., Chen W. (2011): Dual roles of immune cells and their factors 
in cancer development and progression. International Journal of Biological 
Sciences, vol. 7(5), pp. 651–658; https://doi.org/10.7150/ijbs.7.651. 

[21] Fisher-Wellman K., Bloomer R.J. (2009): Acute exercise and oxidative stress: 
a 30 year history. Dynamic Medicine, vol. 13 (8), pp. 1; https://doi.org/ 
10.1186/1476-5918-8-1. 

[22] Jackson M.J. (2000): Exercise and oxygen radical production by muscle. [in:] 
Sen C.K., Packer L., Hanninen O. (ed.): Handbook of oxidants and antioxi-
dants in exercise. Amsterdam: Elsevier Science, pp. 57–68. 

[23] Goto C., Nishioka K., Umemura T., Jitsuiki D., Sakagutchi A., Kawamura M., 
Chayama K., Yoshizumi M., Higashi Y. (2007): Acute moderate-intensity ex-
ercise induces vasodilation through an in-crease in nitric oxide bioavailiabil-
ity in humans. American Journal of Hypertension, vol. 20, pp. 825–830; 
https://doi.org/10.1016/j.amjhyper.2007.02.014. 

[24] Stankovic M., Radovanovic D. (2012): Oxidative stress and physical activity. 
SportLogia, vol. 8(1), pp. 1–11; https://doi.org/10.5550/sgia.120801.en.001S. 

[25] Bloomer R.J., Davis P.G., Consitt L.A., Wideman L. (2007): Plasma protein 
carbonyl response to increasing exercise duration in aerobically trained men 
and women. International Journal of Sports Medicine, vol. 28, pp. 21–25; 
https://doi.org/10.1055/s-2006-924140. 

[26] Knez W.L., Jenkins D.G., Coombes J.S. (2007): Oxidative stress in half and full 
Ironman triathletes. Medicine Science Sports Exercise, vol. 39, pp. 283–288; 
https://doi.org/10.1249/01.mss.0000246999.09718.0c. 

https://doi.org/10.1186/1756-9966-30-87
https://doi.org/10.1186/1756-9966-30-87
https://doi.org/10.5812/asjsm.24898
https://doi.org/10.7150/ijbs.7.651
https://doi.org/10.1186/1476-5918-8-1
https://doi.org/10.1186/1476-5918-8-1
https://doi.org/10.1016/j.amjhyper.2007.02.014
https://doi.org/10.5550/sgia.120801.en.001S
https://doi.org/10.1055/s-2006-924140
https://doi.org/10.1249/01.mss.0000246999.09718.0c

	Wiktoria STAŚKIEWICZ, Elżbieta GROCHOWSKA-NIEDWOROK, Marek KARDAS, Renata POLANIAK, Mateusz GRAJEK, Agnieszka BIAŁEK-DRATWA, Małgorzata PIĄTEK
	Evaluation of the frequency of consumption  of vegetables, fruits and products rich in antioxidants by amateur and professional athletes
	Ocena częstotliwości spożywania warzyw, owoców i produktów bogatych w antyoksydanty przez amatorów i zawodowych sportowców
	Streszczenie

	Abstract
	Introduction
	Methods
	Participant Recruitment
	Outcome measures
	Data Analysis

	Results
	Participant characteristics
	Nutritional habits

	Discussion
	Practical recommendations
	Study limitations

	Conclusions
	References



