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Abstract
Background. Some literature data indicate that antioxidant-rich food may significantly increase antioxi-
dants in serum and decrease the oxidative stress but results are ambiguous.

Objectives. The aim of this study was to estimate the total antioxidant capacity of food intake among the 
inhabitants of Kraków, Poland on the basis of dietary antioxidant index (DAI) and evaluation the relation 
between DAI and the level of antioxidants in plasma.

Material and methods. Examination included 70 (37 women and 33 men) non-smoking inhabitants 
of Krakow aged 46.4 ± 13.7 years. DAI was investigated on the basis of Food Frequency Questionnaire 
including 145 food items. DAI was measured using the method by Benzi and expressed as FRAP (mMol/L).  
In plasma samples total antioxidant status (TAS) expressed as FRAP and malondialdehyde (MDA) concen-
tration as a marker of lipids peroxidation were measured.

Results. The mean value of DAI of all examined persons was 46.74 ± 25.5 mMol/L (in female group:  
54.13 ± 27.7 mMol/L; in male group: 37.83 ± 19.5 mMol/L; p < 0.05). The highest contribution in total 
DWA value had fruits (48.7%) opposite to vegetables (9.3%). Statistically significant positive correlations 
between DAI and FRAP in plasma was found in all: r = 0.42  and in female: r = 0.54 groups (not significant 
in men group: r = 0.20). Statistically significant negative correlation of  DAI with MDA (malonylaldehyde) in 
female (-0.49) and male (-0.51) groups.

Conclusions. The obtained results confirmed  the hypothesis that the intake of antioxidants in daily diet 
(measured as DAI)  might increase antioxidants defense (measured by TAC as FRAP)  and decrease oxidative 
stress (measured by MDA concentration in plasma). The dietary modification towards higher consumption 
of antioxidants (especially in men) should be highlighted in prevention of diseases in which oxidative stress 
play considerable role.
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The integrated antioxidant defense system plays the 
main role in the body’s defense against reactive oxygen 
species (ROS) and oxidative stress.1 Antioxidants scav-
enge free radicals, ROS and reactive nitrogen species from 
cells, preventing or reducing the damage caused by the 
oxidation of body tissues.2 Free radicals can adversely al-
ter lipids, proteins and DNA, and can trigger a number of 
human diseases.3 Oxidation leading to free radical forma-
tion can be accelerated by stress, smoking, alcohol intake, 
sunlight, air pollution and other factors.1 The antioxidant 
defense system includes the enzymatic system (e.g. super-
oxide dismutases [Cu/Zn, Fe and Mn types], catalase and 
glutathione peroxidase) and the non-enzymatic system 
(e.g. ascorbic acid, tocopherols, tocotrienols [vitamin E], 
copper, zinc and selenium).4–10 The main source of non-
enzymatic antioxidants seems to be a well-balanced diet. 
Antioxidant activity and synergistic interactions between 
molecules in food and blood plasma are reflected by the 
total antioxidant capacity. In nutritional epidemiology, 
the dietary antioxidant index (DAI) is usually used to as-
sess the intake of antioxidants from food. Evaluating the 
DAI is important because current literature data indicate 
that a  diet enriched with multicomponent antioxidant 
foods like fruit, vegetables and vegetable oils, grains and 
cereal-based products, fresh herbs and certain beverages 
may significantly increase the concentration of antioxi-
dants in plasma and therefore decrease oxidative stress.11 

Many dietary antioxidants may contribute to cellular 
protection against radicals and other ROS. Many food 
products are rich sources of antioxidants. The main 
source of antioxidants in food are fruit and vegetables 
containing vitamins C and E, selenium and carotenoids 
such as beta-carotene, lycopene, lutein and zeaxanthin. 
Vitamin E (8 structural isomers of tocopherols/tocotri-
enols) is one of the most widely distributed antioxidants 
in nature; α–tocopherol is the best known and shows the 
most antioxidant activity.12 Vitamin E can to some degree 
prevent the consequences of oxidized LDL, and vitamin 
C provides nitric oxide synthase (NOS) activity.13 Good 
sources of specific antioxidants include anthocyanins in 
eggplant, grapes and berries; beta-carotene in pumpkin, 
mangoes, apricots, carrots, spinach and parsley; flavo-
noids in tea, green tea, citrus fruits, red wine, onions and 
apples; lycopene in tomatoes, pink grapefruit and water-
melon; vitamin A in sweet potatoes, carrots, milk and egg 
yolks; vitamin C in black currants, kiwi fruit, mangoes, 
broccoli, spinach, peppers and strawberries; vitamin E in: 
vegetable oils (such as wheat germ oil), avocados, nuts, 
seeds and whole grains; zinc in seafood, lean meat, milk 
and nuts. Any of these may contribute significantly to the 
total DAI value.14

The aim of the study was to assess the daily intake of 
antioxidants among inhabitants of the Kraków metro-
politan area on the basis of the DAI. Additionally, links 
between the DAI and the FRAP and MDA in plasma were 
examined.

Material and methods

Seventy healthy volunteers (37 women and 33 men) 
were enrolled in the study, which lasted for a period of 
4 months (February to May, 2015). The participants were 
21 to 73 years old (mean age: 46.4 ± 13.7 years). They were 
nonsmokers. They all provided written consent, and the 
study protocol was approved by the Bioethics Committee 
of the Jagiellonian University Medical College. 

Each participants’ dietary antioxidant index (DAI) was 
investigated on the basis of a  food frequency question-
naire (FFQ). The questionnaire was prepared on the ba-
sis of American Dietetic Association recommendations.15  
In the FFQ 145 food items were classified into groups 
such as fruit and dried fruit, vegetables and vegetable oils, 
sweets, grains and cereal-based products, mixed dishes, 
fresh herbs and spices and beverages. It was stated in the 
questionnaire that every nutritional position represents 
all forms of a particular food (fresh, frozen, dried, cooked 
or packed in cans) – e.g. “apples” means fresh apples, ap-
ple juice, compote, apple pie, etc. 

The participants reported how often they had eaten 
each food in the previous month. In order to calculate the 
DAI for each participant, previously published databases 
from the USA and Italy, containing the most commonly 
consumed foods, were used. The size of a medium portion  
(100 g of a product, the volume of a glass, the content of 
a soup spoon or the amount of product necessary to spread 
over two pieces of bread, etc.) was included for every nu-
tritional product in the questionnaire. Medium serving 
sizes were given as a reference; half of a medium portion 
was treated as a small portion, and one and a half or more 
of a medium portion was considered a large portion. 

The total antioxidant capacity of the participants’ food 
intake (their dietary antioxidant index) was measured us-
ing the method described by Benzie.16 This method ex-
ploits the ability of a given sample to reduce ferric ions to 
ferrous ions (FRAP), which are bound in a colored com-
plex with tripyridyl-S-triazine. In the questionnaire the 
FRAP value of a medium portion of each product was in-
cluded. The survey participants could declare small, me-
dium or large portions. A small portion was counted as 
half of the FRAP value for a medium portion, and a large 
portion was counted as 1.5 times the FRAP value of a me-
dium portion. The FRAP values specific for the size of the 
portion were multiplied by the number of portions and 
the total was divided by 30 days. This result was treated 
as the FRAP value of the daily nutritional intake (DAI).

DAI values for the male and female subgroups were 
compared using Student’s t test.

Fasting blood samples were collected from the 70 
participants once after a 12 h overnight fast. The blood 
samples were drawn into tubes containing K3 EDTA and 
were centrifuged within 4 h of collection from the partic-
ipant. Plasma samples were collected and stored at -30˚C 
until the analyses of FRAP and MDA were done. 
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The total antioxidant status, expressed as FRAP, and 
malondialdehyde (MDA) concentration, as a  marker of 
lipid peroxidation, were measured in the plasma samples. 
MDA was assayed by determining the coupling of MDA 
with thiobarbituric acid (TBA) under acid pH conditions 
at 95̊ C. The TBA-MDA complex was determined fluoro-
metrically at 532 nm.17,18 MDA levels were expressed in 
mMol/L. 

All the statistical analyses were carried out using STA-
TISTICA for Windows software (v. 10.0, StatSoft Polska, 
Kraków, Poland). Differences were considered statisti-
cally significant if p < 0.05.

Results

The mean value of the DAI of the entire study group 
was 46.74 ± 25.5 mMol/L. The mean DAI value for the fe-
male participants (54.13 ± 27.7 mMol/L) was statistically 
significantly higher (p < 0.05) than the mean for the male 
participants (37.83 ± 19.5 mMol/L).

The contribution of particular groups of food products, 
expressed as mMol/L and as proportional contributions, 
in the entire study group and for the male and female 
subgroups are presented in Tables 1 and 2.

In the entire study group as well as in the male and fe-
male subgroups, fruit contributed the most to the total 

Fig. 1. DAI values in the male and female study participants 

Groups of food products

Men 
n = 33

Women 
n = 37

Total 
n = 70

mMol/L

Fruit and dried fruit 20.52 24.69 22.70

Vegetables 3.56* 4.92* 4.34

Fresh herbs and spices 0.74 3.08 2.01

Grains and cereal-based 
products (pastas, rice) 

4.32* 7.96* 6.31

Mixed dishes (traditional 
Polish soups)

0.78 0.89 0.84

Fish and seafood 0.24 0.33 0.30

Fats and oils 0.12 0.11 0.12

Sweets (chocolate, honey, jam) 0.29 0.90 0.62

Beverages (coffee, tea, wine) 7.26* 11.23* 9.43

mMol/L 37.83 54.13 46.74

Table 1. The contribution of particular groups of food products in the 
total dietary antioxidant index (DAI) in the study group

* statistically significant results.
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dietary antioxidant index (48.7% in the full group). Bever-
ages, especially coffee, were in the second position (20.2% 
in the whole study group), and next were grains and cereal-
based products (13.5% in the full group). Vegetables were 
eaten very rarely (only 9.3% of the total DAI value in the 
entire group). The contributions of the remaining food 
products (fresh herbs and spices, fish and seafood, fats and 
oils, mixed dishes and sweets were low: 8.3% in the entire 
study group). 

It was found that there were statistically significant dif-
ferences between men and women in the DAI values for 
vegetables, grains and cereal-based products and bever-
ages (Fig. 2).

The plasma total antioxidant ability, expressed as 
FRAP, and plasma MDA levels are presented in Table 3.

In the entire study group as well as in the male and fe-
male subgroups, a statistically significant correlation was 
found between the mean DAI value and FRAP in plasma 
(r = 0.42). A negative correlation was found in all 3 groups 
between the mean DAI value and plasma MDA level  
(r = -0.45) (Fig. 3). 

The correlation coefficient between FRAP in plasma 
and the DAI was statistically significant only among the 
female participants (r = 0.54). In male subgroup this co-
efficient did not reach statistical significance (r = 0.20). 
The correlation coefficients between the DAI and MDA 
in plasma were statistically significant in both the male 
and female subgroups (Table 4).

Discussion

According to the Food-Based Dietary Guidelines cre-
ated by the National Nutrition Institute in Warszawa and 
the Polish Ministry of Health, a  healthy diet should in-
clude fruit and vegetables in amounts equal at least half of 
the daily food intake, with a 3 : 1 proportion of vegetables 
to fruit. The amount of fats should be low, and where pos-
sible substituted with vegetables oils or soft margarines.19 

The results of this study showed that vegetables were 
eaten too rarely and their contribution to the total DAI 
value was too low. Fruit contributed the most to the total 
DAI values. As in the present study, other authors have 
found that among both healthy and ill subjects the main 
source of natural antioxidants in the daily diet is fruit.20 
For many people in Poland fruit is bought and consumed 
mainly during the summer. Plasma antioxidant capacity 
was lower in autumn and in winter, compared to relatively 
the high level during the summer; the lowest was noted 
in spring.21 This discrepancy is caused by higher con-
sumption of fruit (e.g. strawberries, raspberries, cherries, 
gooseberries, currants) and seasonal vegetables (young 
beet leaves, kohlrabi, asparagus, sorrel, green beans, zuc-
chini). Moreover, it should be noted that the antioxidant 
potential of fruits and vegetables during winter is lowered 
because of transportation and long periods of storage. 
Therefore the recommendation for Polish people should 
be to increase consumption of fruit and vegetables from 
local producers (e.g. cultivated in greenhouses) during the 
spring, autumn and winter. In addition, consumption of 
citrus fruit, fruit/vegetable drinks and spices can be sug-
gested to fill shortages in antioxidative potential when 
fresh seasonal products are not available. 

Currently, specialists in nutrition consider dietary en-
richment with functional foods and supplements a very 

Groups of food products

Men 
n = 33

Women 
n = 37

Total 
n = 70

mMol/L

Fruit and dried fruit 54.22 45.62 48.72

Vegetables 9.41 9.09 9.28

Fresh herbs and spices 1.95 5.69 4.30

Grains and cereal-based 
products (pastas, rice)

11.42 14.70 13.50

Mixed dishes (traditional 
Polish soups)

2.06 1.65 1.80

Fish and seafood 0.63 0.62 0.63

Fats and oils 0.33 0.21 0.27

Sweets (chocolate, honey, jam) 0.77 1.66 1.33

Beverages (coffee, tea, wine) 19.19 20.76 20.17

% 100 100 100

Men 
n = 33

Women 
n = 37

All
n = 70

X SD X SD X SD

FRAP mMol/L 1.07 0.42 1.19 0.44 1.14 0.43

MDA nMol/mL 9.12 7.75 10.14 7.60 9.66 7.16

Men 
n = 33

Women 
n = 37

plasma FRAP mMol/L versus DAI 0.20 0.54*

MDA nMol/mL versus DAI -0.51* -0.49*

Table 2. The contribution percentages of particular groups of food 
products in the total dietary antioxidant index (DAI) in the study group

Table 3. The concentration of FRAP (mMol/L) and MDA  
(nMol/mL) in the study group

Table 4. The values of correlation coefficients among the male  
and female study participants

*statistically significant results.
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Fig. 2. The statistically significant differences in DAI  (Student's t-test) of consumed vegetables, grain and cereal based products  
and beverages  between female and male groups

Fig. 3.  The values of correlation coefficients in all examined groups
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important factor in the prevention of degenerative  
disorders caused by oxidative stress.22 Unfortunately, 
the results of large studies are not optimistic.23 Some re-
cent studies – the Women’s Antioxidant Cardiovascular 
Study (8,000 female health professionals, aged 40 years or 
older), the Women’s Health Study (40,000 healthy wom-
en at least 45 years old) and the selenium and vitamin 
E Cancer Prevention Trial (SELECT; 35,000 men aged 
50 or older) – showed that antioxidant supplements did 
not help prevent diseases caused by oxidative stress.24–26 
The evidence suggests that antioxidant supplements do 
not work as well as the naturally occurring antioxidants 
in food. Moreover, taking supplements in high doses can 
be harmful. Dietary supplements may cause side effects, 
trigger allergic reactions or interact with prescription 
and over-the-counter medicines.23,27 Therefore, a healthy 
diet remains the best way to provide sufficient antioxi-
dant intake. Many researchers have shown that suffi-
cient consumption of fruit and vegetables is associated 
with a reduced rate of some diseases (especially coronary 
heart disease) and with a lower risk of all-cause mortality 
– particularly cardiovascular mortality, but also cancer 
mortality.28,29

It is worth pointing out that it is not clear whether 
these results are related only to the amount of antioxi-
dants in vegetables and fruit, or to other components of 
these products, or to lifestyle factors such as stress, air 
pollution, etc. People who eat more antioxidant-rich food 
might also be more likely to be physically active and less 
likely to smoke, and it is clear that physical exercise and 
not smoking are crucial in the prevention of cardiovas-
cular diseases, stroke, intestinal cancer, etc. All these 
factors may decrease the risk of disease, but the results 
of the present study confirmed a direct link between the 
DAI and the level of TAS and lipid peroxidation mark-
ers in plasma, indicating that a  diet rich in antioxidant 
foods should also decrease the risk of oxidative stress dis-
orders. It is also important to emphasize that the positive 
correlation between the DAI and plasma MDA in both 
the male and female subgroups suggests that a diet rich 
in antioxidants may reduce the risk of developing vari-
ous pathological conditions, such as MDA-induced cell 
injury via, as Ayala et al. wrote, “intramolecular or in-
termolecular protein/DNA crosslinking that may induce 
profound alteration in the biochemical properties of bio-
molecules”.30 Unfortunately the present study found no 
correlation between DAI and the total antioxidant sta-
tus of plasma expressed as FRAP in men, which may be 
partially explained by the lower intake of antioxidants in 
their diet (in comparison to women). 

Conclusions

The results of the study confirmed the hypothesis that 
the intake of antioxidants in the daily diet might increase 

antioxidant defense (measured by the total antioxidant 
status of plasma expressed as FRAP) and decrease oxida-
tive stress (measured by plasma MDA concentration). In-
troducing an anti-oxidant diet should therefore become 
an interesting approach to the prevention of disorders 
caused by increased oxidative stress. 

Dietary modification towards higher consumption of 
natural antioxidants (especially by men) should be imple-
mented as a public health strategy. 
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