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INTRODUCTION

Food intake is one of the essential physiological require-
ments, and appropriate nutrition guarantees normal growth 
and development of the human body. Food products contain 
major and minor nutrients, non-nutritive components, and 
other compounds that may be either beneficial or disadvan-
tageous to health [1]. Phenolic compounds are secondary 
plant metabolites responsible for the organoleptic quality 
and biological activity of fruits, vegetables, and other plant-
derived foods; therefore, these products and beverages are 
particularly rich sources of this class of compounds [2]. 
Although phenolic compounds are not essential nutrients, 
they may exert beneficial effects on human health and are 
thus classified as biologically active non-nutrients [3].

Dietary polyphenols exhibit a wide spectrum of biological 
properties, especially antioxidant activity, which is associ-
ated with the presence of hydroxyl groups in their chemical 
structure [4]. Oxidative stress is considered a key trigger in 
the development of numerous diseases, including cardio-
vascular, renal, hepatic, and neurodegenerative disorders 
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[5-7]. Moreover, reactive oxygen species play a significant 
role in aging processes and carcinogenesis [5,8]. It has been 
demonstrated that the consumption of leafy vegetables rich  
in flavonoids and other phenolic compounds with antioxi-
dant properties significantly reduces the risk of diabetes, 
cancer, cardiovascular diseases, and neurodegenerative 
disorders [9]. However, excessive intake of certain poly-
phenols may also lead to adverse effects, as some of these 
compounds exhibit anti-nutritional properties, including the 
chelation of iron and other trace elements, thereby reducing 
their bioavailability [10,11].

Polyphenolic compounds occur in plant and plant-derived 
foods in various forms and concentrations. Isoflavones are 
mainly present in legumes, flavanols (primarily catechins) 
are abundant in tea, whereas flavanones are characteristic 
of citrus fruits. Other compounds, such as quercetin, are 
ubiquitously distributed among plant-derived foods [12,13]. 
Among phenolic acids, caffeic acid and its esters (e.g., chlo-
rogenic acid) are the most abundant and are commonly 
found in coffee, fruits, and vegetables – products that are 
frequently consumed and in relatively large quantities. 
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Nevertheless, flavonoids constitute the largest and most 
widespread group of polyphenols in plants and foods [14].

Due to their chemical instability, polyphenols undergo 
various transformations during food storage and process-
ing, which may affect their concentration, intestinal absorp-
tion, and bioavailability [15]. Food processing generally 
leads to polyphenol degradation; however, in some cases, 
it may improve their bioaccessibility [16,17]. Arts et al. 
demonstrated that catechin content in fruits and vegetables 
is significantly reduced during thermal processing and that 
their concentration in processed products is usually lower 
than in fresh materials [18]. In turn, Miglio et al. showed 
that steaming is more effective than boiling in preserving 
phenolic compounds in vegetables [19]. Overall, the type of 
processing, its duration, intensity, and the heating medium 
applied have a significant impact on the polyphenol content 
of final food products [15].

The aim of this study was to identify the major dietary 
sources of selected polyphenolic compounds based on nutri-
tional interviews combined with analytical determinations 
using liquid chromatography-mass spectrometry (LC-MS). 
An additional objective was to evaluate the total intake of 
polyphenols using the Folin-Ciocalteu method and to assess 
the antioxidant activity of reconstructed diets, with consid-
eration of their division into major food product groups.

MATERIALS AND METHODS 

1. Chemicals (Reagents)
Standards of gallic acid (GA), quercetin, epigallocat-

echin gallate (EGCG), and rutin of chromatographic purity 
(>98%), as well as 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
Trolox, and citric acid, were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). The Folin-Ciocalteu reagent was 
obtained from Stanlab (Lublin, Poland). Methanol (HPLC 
grade) was purchased from Avantor Performance Materials 
(POCH, Gliwice, Poland). All reagents used in the study 
were of analytical grade.

2. Sampling

The study material consisted of food samples prepared 
on the basis of previously conducted nutritional surveys. 
The study group included young adults (274 women and 
305 men) aged 20-30 years who completed validated ques-
tionnaires concerning their dietary habits. Participants were 
asked to provide a detailed description of their daily food 
intake, including the type and mass (in grams) of consumed 
meals and food products.

Data were collected between October 2016 and March 
2018 in the Lublin region (Poland). All participants were 
informed about the purpose of the study and assured of 
anonymity and voluntariness. After data verification, 41 
incorrectly completed questionnaires were excluded from 
further analysis.

Combined qualitative and quantitative dietary data were 
processed using two nutritional software programs: Dietetyk 
2006 (Jumar, Poznań, Poland) and Dieta 5.0 (National Insti-
tute of Public Health, Warsaw, Poland). These programs 
enabled the calculation of mean dietary intake values 
separately for women and men and their division into 12 

major food groups according to the standards of the Polish 
National Institute of Public Health. Detailed information 
on the composition of the food groups is provided in the 
Supplementary Material (Table S1) and has been published 
previously [20].

Briefly, the mean daily mass of food intake was higher 
in men (2310 ± 351 g) than in women (2139 ± 264 g), 
although the difference was not statistically significant. In 
both groups, the diet consisted mainly of vegetables and 
beverages. Other major food groups included fruits, cereals, 
and meat and meat products. A substantial proportion of 
consumed beverages was black tea. Among vegetables and 
fruits, tomatoes, carrots, apples, and bananas were consumed 
in the highest quantities. The intake of vegetables and fruits 
was higher in women (384.1 ± 45.2 g and 227.2 ± 35.6 g, 
respectively) than in men (343.8 ± 38.4 g and 192.2 ± 26.2 g,  
respectively).

Based on the obtained data, representative daily diets 
were reconstructed separately for women and men, consider-
ing the division into 12 major food groups. Food products 
were purchased from local markets in the Lublin region, and 
various commercial brands were included to reflect typical 
consumer choices.

Each food group was reconstructed in three independent 
replicates. Considering two gender-based diet groups, 12 
food groups, three replicates, and three analytical repeti-
tions, a total of 216 samples were subjected to analytical 
determinations. None of the food groups was excluded from 
any analysis.

3. Extraction and Preparation of Analytical Samples

Reconstructed food groups were weighed and homog-
enized. Samples were extracted with methanol at a ratio 
of 1:1 (w/v). The resulting extracts were filtered through 
tissue paper filters (type 388; Munktell, Falun, Sweden), and 
the residues were re-extracted under identical conditions. 
This extraction procedure was repeated three times, and all 
obtained extracts were combined.

Water and beverage samples constituted an exception. 
These were measured as 100 mL aliquots and evaporated 
under reduced pressure at low temperature (T < 37°C) 
using a vacuum evaporator (Ingos RVO 400, Prague, Czech 
Republic). The residues were subsequently dissolved in a 
water-methanol mixture (1:1, v/v) to a final volume of 50 mL.

4. Determination of Antioxidant Activity

4.1. Determination of Total Phenolic Content (TPC)

Antioxidant activity of the obtained extracts was assessed 
using two in vitro methods. The total phenolic content (TPC) 
was determined using the Folin-Ciocalteu assay, which is 
commonly applied to estimate the total reducing capacity 
of samples [21].

Briefly, 0.5 mL of each extract was mixed with 30 mL 
of ultrapure water and 2.5 mL of Folin-Ciocalteu reagent. 
After 1-8 minutes, 7.5 mL of a 20% (w/v) sodium carbon-
ate solution was added. The mixture was adjusted to a final 
volume of 50 mL with ultrapure water and incubated for 2 h 
at room temperature in the dark. Absorbance was measured 
at 760 nm using a UV-VIS spectrophotometer (Evolution 
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300, Thermo Fisher Scientific, Waltham, MA, USA). Ultra-
pure water served as a blank.

Calibration curves were prepared using gallic acid solu-
tions in the concentration range of 50-500 mg/L. Results 
were expressed as gallic acid equivalents (mg GAE/L).

4.2. DPPH Radical Scavenging Assay

Antioxidant activity was also determined using the DPPH 
radical scavenging assay. A freshly prepared DPPH solution 
(60 µmol/L) was used. In brief, 3.9 mL of DPPH solution 
was mixed with 0.1 mL of the extract. The mixture was 
incubated for 30 minutes at room temperature in the dark, 
and absorbance was measured at 515 nm. Methanol was 
used as a blank.

The percentage of DPPH radical scavenging was calcu-
lated using the following equation:

DPPH scavenging (%) = [(A0-A1)/A0] ×100

where A0 is the absorbance of the control solution and A1 is 
the absorbance of the sample.

Additionally, Trolox Equivalent Antioxidant Capacity 
(TEAC) was determined using Trolox calibration curves 
(0.1-1.0 mmol/L). Results were expressed as mmol Trolox 
equivalents per liter.

5. LC-MS Analysis of Polyphenolic Compounds

Prior to chromatographic analysis, sample pH was adjusted 
to 3.2 using citric acid. The samples were then filtered 
through 0.45 µm syringe filters (Cronus, Gloucester, UK).

LC-MS analyses were performed using a time-of-flight 
mass spectrometer (Agilent G3250AA LC-MSD TOF, 
Agilent Technologies, Santa Clara, CA, USA) coupled with 
an Agilent 1200 Series liquid chromatograph equipped with 
an autosampler, degasser, diode array detector (DAD), and 
binary pump. Separation was achieved on a Zorbax RP-18 
column (150 × 2.1 mm, 3.5 µm; Agilent Technologies).

The mobile phase consisted of water with 0.1% formic 
acid (solvent A) acetonitrile containing 0.1% formic acid 
(solvent B). Detailed chromatographic and mass spectro-
metric conditions are presented in Table 1.
Table 1. LC-MS operating conditions

Parameter Setting

Injection volume 10 µL

Flow rate 0.2 mL/min

Post-run time 4 min

Ionization mode Negative

Ion source Electrospray ionization (ESI)

Capillary voltage 4000 V

Fragmentor (Slicer) voltage 150-225 V

Skimmer voltage 65 V

Nebulizer pressure 130 psi

Drying gas flow 10 L/min

Drying gas temperature 350°C

Column thermostat temperature 25°C

Mass range m/z 100-1000

Identification of gallic acid, quercetin, EGCG, and rutin 
was based on retention times and mass spectra compared 
with authentic standards. Quantification was performed 
using calibration curves derived from standard solutions, 
based on peak area measurements. Dietary intake of each 
compound was calculated by combining analytical concen-
trations with food consumption data obtained from dietary 
questionnaires.

6. Statistical Analysis

Quantitative data are presented as mean values with 
standard deviation (SD). Differences between groups were 
analyzed using two-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test. A p-value < 0.05 was 
considered statistically significant. Statistical analyses were 
performed using Statistica software (version 13.3, StatSoft, 
Poland).

RESULTS AND DISCUSSION

1. Total Phenolic Content (TPC)
The Folin-Ciocalteu method enabled the determination 

of total phenolic content in all analyzed food groups, sepa-
rately for women and men. Although this assay is widely 
used to estimate the total phenolic content expressed as 
gallic acid equivalents (GAE), it should be noted that the 
obtained values more accurately reflect the overall reducing 
capacity of the sample rather than the absolute concentration 
of phenolic compounds [21].

Figure 1 presents the daily intake of polyphenolic com-
pounds from major food groups, determined using the Folin-
Ciocalteu method and expressed as gallic acid equivalents.

Figure 1. Daily average intake of polyphenolic compounds 
expressed as gallic acid equivalents – distribution across major 
food groups

The average daily intake of polyphenols in the women’s 
diet was 682.6 mg and was slightly higher than that observed 
in men (680.04 mg). When calculated per 100 g of diet, the 
polyphenol content also differed between genders, amount-
ing to 31.91 mg for women and 29.44 mg for men.

Previous analyses performed by Koch et al. reported 
higher total polyphenol intake from daily food rations, 
with greater intake observed in men compared to women; 
however, 1 g of the female diet contained higher concentra-
tions of these compounds, indicating a greater density of 
phytochemicals in women’s diets [22]. Similar observations 
were reported by Grosso et al. [23]. Importantly, in the study 
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by Grosso et al., polyphenol consumption was estimated 
by matching questionnaire data with the Phenol-Explorer 
database. In contrast, the present study and the earlier work 
by Koch et al. relied on direct analytical measurements, pro-
viding more realistic estimates of dietary polyphenol intake.

The polyphenol content of food products depends on 
numerous factors, including climate, light exposure, maturity 
stage, as well as food processing and preparation. Culinary 
practices such as abrasion, peeling, and leaf removal may 
lead to substantial losses of flavonoids, particularly in 
products where these compounds are concentrated in peels 
or leaves [23]. Analytical methods account for these vari-
ables, unlike database-based estimations, which may over-
simplify intake calculations.

Most published studies focus on selected polyphenolic 
compounds and limited food categories, often relying on 
U.S.-based databases to estimate flavonoid intake [24,25]. 
In contrast, the present study considered all major food cat-
egories, including those with low polyphenol content. The 
obtained results illustrate the contribution of individual food 
groups to total dietary polyphenol intake and antioxidant 
activity. These data are summarized in Table 2.

Among women, beverages constituted the richest source 
of dietary polyphenols (160.7 mg/day), primarily due to 
frequent consumption of tea, particularly black tea, which 
is abundant in simple and condensed catechins [26,27]. 
Significant amounts of polyphenols were also supplied by 
vegetables, fruits, and cereals. Vegetables ranked second 
among women, contributing 158.3 mg/day.

In men, fruits were the leading source of polyphenols 
(168.6 mg/day), followed by beverages (157.3 mg/day). 
Cereals, known to be rich in phenolic acids, also represented 
an important source, providing 117.0 mg/day in women and 
96.55 mg/day in men.

These findings are consistent with previous reports iden-
tifying beverages, cereals, fruits, and vegetables as major 
contributors to dietary polyphenol intake. A study conducted 
among Finnish adults indicated coffee as the primary source, 
followed by cereals, tea, and fruits [28]. Similarly, Grosso et 

al. reported the highest polyphenol intake from beverages, 
especially tea and coffee [23]. In contrast, Wilczyńska and 
Retel observed vegetables and fruits as the main contribu-
tors, accounting for over 50% of total intake, while coffee 
and tea contributed only 9.5% [29].

Although cereals are generally considered a minor source 
of polyphenols, their consumption – particularly of grain-
based products – contributes mainly to gallic acid intake. 
Despite the high consumption of potatoes in Poland [30,31], 
this food group did not emerge as a significant source of 
polyphenols in the present study.

2. Antiradical Scavenging Activity (DPPH Assay)

The DPPH radical scavenging assay was used to evaluate 
the antioxidant activity of individual food groups. As 
expected, antioxidant activity was strongly correlated with 
polyphenol concentrations determined using the Folin-
Ciocalteu method. Water and beverages (dominated by tea, 
accounting for over 60% of consumed liquids), vegetables, 
and fruits exhibited the highest antioxidant activity.

Due to similar activity levels observed among these food 
groups, samples were diluted to enhance differentiation. This 
approach revealed that fruits in men and water and bever-
ages in women exhibited the highest antioxidant potential. 
Interestingly, the food group classified as “other products,” 
which included items consumed in very small amounts (e.g., 
nuts, almonds, tomato concentrate), also demonstrated high 
antioxidant activity. However, owing to their low consump-
tion, these products contributed minimally to overall dietary 
polyphenol intake.

Animal-derived products, including eggs, meat and meat 
products, fats and oils, fish, milk, and dairy products, exhib-
ited negligible antioxidant activity, reflecting their minimal 
polyphenol content. Trace amounts of polyphenols detected 
in these products are typically associated with plant-derived 
additives used during industrial processing [32].

In addition to percentage inhibition, antioxidant activity 
was expressed as Trolox Equivalent Antioxidant Capacity 
(TEAC) [33]. Food groups devoid of polyphenols or 

Table 2. Total phenolic content (TPC) and antioxidant activity of major food groups consumed by women (W) and men (M)

Study group Cereals Eggs Fats and 
oils Fish Fruits

Meat  
and meat  
products

Milk and 
dairy

Other 
products Potatoes Sweets and 

sugars Vegetables Water and 
beverages 

Total Phenolic Content (TPC) [mg/L]

M 339.0 
±11.16 a

30.37 
±4.076 a

136.4 
±11.54 bc

38.00 
±6.666 a

877.4 
±91.07 g

399.0 
±16.24 ef

182.91 
±9.031 cd

470.7 
±6.263 f

181.11 
±9.465 cd

67.25 
±5.139 ab

403.7 
±10.71 ef

220.6 
±11.31 d

W 522.033 
±30.656 d

32.92 
±3.13 a

33.86 
±8.083 a

38.79 
±4.686 a

500.8 
±46.35 d

395.8 
±10.22 c

139.6 
±4.67 e

247.1 
±6.016 b

29.80 
±4.423 a

61.00 
±2.62 a

412.02 
±20.92 c

251.6 
±7.74 b

Trolox Equivalent Antioxidant Capacity (TEAC) [mmol/L]

M 0.343 
±0.02 c

0.591 
±0.008 d

0.276 
±0.001 b

0.672 
±0.028 e

0.154 
±0.004 a

0.135 
±0.001 a

0.592 
±0.008 d

0.596 
±0.007 d

W 0.31 
±0.02 b

0.622 
±0.047 c

0.187 
±0.034 a

0.559 
±0.01 c

0.172 
±0.041 a

0.596 
±0.009 c

0.609 
±0.002 c

TEAC after dilution [mmol/L]

M 0.523 
±0.028 c

0.347 
±0.01 b

0.244 
±0.013 a

0.324 
±0.009 b

W 0.349 
±0.03 b

0.28 
±0.009 a

0.261 
±0.015 a

0.36 
±0.006 b

DPPH radical scavenging activity [% inhibition]

M 49.30 
±3.06 f

2.17 
±0.435 a

11.47 
±0.07 b

6.84 
±1.021 ab

81.7 
±0.104 g

40.05 
±0.076 e

6.88 
±0.01 ab

80.893 
±4.433 g

22.6 
±0.675 d

16.353 
±0.52 c

81.757 
±0.2 g

82.09 
±0.25 g

W 44.78 
±2.961 f

1.447 
±0.145 a

3.18 
±0.145 ab

6.32 
±0.315 bc

82.36 
±0.964 g

26.41 
±3.601 e

8.927 
±0.144 c

78.81 
±0.936 g

6.91 
±0.397 bc

17.52 
±0.433 d

81.88 
±0.458 g

82.88 
±0.19 g

DPPH – 2,2-diphenyl-1-picrylhydrazyl 
Data are presented as mean ± standard deviation (SD) 
Values within the same row followed by different superscript letters (a-g) are significantly different (p < 0.05) 
Underlined values within the same variable indicate significant differences between men and women
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containing them only in trace amounts (e.g., eggs, fats and 
oils, fish, milk and dairy products) were excluded from 
TEAC analysis. The highest TEAC values were observed 
in fruits among men (0.523 ± 0.028 mmol/L) and in water 
and beverages among women (0.360 ± 0.006 mmol/L).

Notably, the “other food products” group also exhibited 
substantial antioxidant capacity (0.347 ± 0.010 mmol/L in 
men and 0.280 ± 0.009 mmol/L in women), exceeding that 
of vegetables (0.244 ± 0.013 mmol/L in men and 0.261 ± 
0.015 mmol/L in women). Overall, TEAC values correlated 
well with TPC results in both groups. The only exception 
was cereals: despite lower TPC in men (339.0 ± 11.16 mg/L) 
than in women (522.03 ± 30.66 mg/L), higher antioxidant 
activity was observed in men (TEAC 0.343 ± 0.02 mmol/L 
vs. 0.310 ± 0.02 mmol/L in women). These differences likely 
reflect variations in the qualitative composition of cereal 
products rather than total consumption.

3. LC-MS Analysis of Selected Polyphenols

High-performance liquid chromatography coupled with 
mass spectrometry (LC-MS) enabled the separation, identifi-
cation, and quantitative determination of four major phenolic 
compounds present in all analyzed food groups: epigallocat-
echin gallate (EGCG), gallic acid (GA), quercetin, and rutin.

Gallic acid was the predominant phenolic compound, 
with total daily intakes of 14.87 ± 1.30 mg/day in men and 
10.51 ± 1.16 mg/day in women. Water and beverages – 
primarily black tea infusions – were the main contributors, 
accounting for approximately 90% of total GA intake. These 
findings are consistent with the study by Ovaskainen et al., 
which identified phenolic acids as the dominant polyphenol 
group in Finnish adults [28].

Water and beverages were also the primary source of 
EGCG, reflecting the high content of this compound in 
tea. However, EGCG intake was considerably lower than 
GA, amounting to 1.007 ± 0.070 mg/day in men and 1.181 
± 0.018 mg/day in women. Overall, the present results 
align with previous studies demonstrating that beverages 

contribute the largest share of polyphenols to the daily diet 
[28,34,35].

Quercetin was the second most abundant polyphenol after 
gallic acid. Daily intake was estimated at 12.76 ± 0.77 mg/
day in men and 6.64 ± 1.08 mg/day in women. Fruits con-
stituted the primary source, accounting for 77% of total 
intake in men and 65% in women. Although vegetables were 
consumed in larger quantities than fruits, fruits exhibited 
higher antioxidant activity, likely due to their elevated quer-
cetin content.

Vegetables also contributed significantly to quercetin 
intake, albeit to a lesser extent than fruits. Notably, many 
vegetables were consumed in processed forms (e.g., soups 
and salads), which may reduce polyphenol content. In 
contrast, fruits are typically consumed fresh and often with 
peels, where polyphenols are concentrated. Thermal pro-
cessing may further contribute to flavonoid degradation and 
reduced antioxidant potential.

Quercetin was previously identified as a major dietary 
flavonoid in our earlier study [22], although reported intake 
levels were higher (>30 mg/person/day) than those observed 
in the present research. De Vries et al. similarly reported 
quercetin as a dominant dietary phenolic, accounting for 
68-73% of total polyphenol intake [36].

Mean dietary intake of rutin was higher in women (5.85 
± 0.47 mg/person/day) than in men (4.41 ± 0.54 mg/person/
day). Water and beverages were the principal source in both 
genders, contributing 70-80% of total rutin intake. As rutin is 
a glycoside of quercetin (quercetin-3-O-rhamnoglucoside), 
it may undergo hydrolysis during food storage or extraction, 
which could explain the relatively high quercetin intake from 
fruits despite lower total flavonoid content.

Dietary intake of rutin from fruits and vegetables was 
also notable but substantially lower than that from bever-
ages. In previous work by Koch et al. [22], rutin intake was 
not quantified. Data on dietary rutin intake remain limited; 
however, animal studies have demonstrated that high-dose 
rutin supplementation significantly enhances antioxidant 
enzyme activity and reduces oxidative stress markers 

Table 3. Dietary intake of selected polyphenols from major food product groups in women (W) and men (M)

Study group Cereals Eggs
Fats 
and 
oils

Fish Fruits
Meat  

and meat 
products

Milk and 
dairy

Other 
products Potatoes Sweets and 

sugars Vegetables Water and 
beverages

Total intake 
[mg/

person/
day]

Polyphenols: Epigallocatechin gallate EGCG [mg] 

M 0.19 
±0.02 c

0.017 
±0.001 a

0.06 
±0.007 ab

0.1  
±0.01 b

0.64 
±0.05 d

1.007 
±0.07

W 0.24 
±0.03 c

0.011 
±0.001 a

0.08 
±0.005 b

0.09 
±0.009 b

0.76 
±0.035 d

1.181 
±0.018

Polyphenols: Gallic acid (GA) 

M 0.18 
±0.01 a

0.44 
±0.04 a

0.12 
±0.01 a

0.14 
±0.02 a

0.59 
±0.03 a

13.4 
±1.28 b

14.87 
±1.3

W 0.12 
±0.01 a

0.42 
±0.03 a

0.11 
±0.01 a

0.064 
±0.002 a

0.19 
±0.02 a

0.04 
±0.003 a

0.41 
±0.03 a

9.16 
±1.12 b

10.51 
±1.161

Polyphenols: Quercetin [mg] 

M 0.004 
±0.001 a

9.84 
±1.12 c

0.03 
±0.001 a

0.005 
±0.001 a

2.85 
±0.35 b

0.03 
±0.002 a

12.76 
±0.77

W 0.008 
±0.001 a

4.32 
±0.62 c

0.014 
±0.002 a

0.04 
±0.008 a

2.227 
±0.446 b

0.03 
±0.003 a

6.639 
±1.075

Polyphenols: Rutin [mg] 

M 0.11 
±0.01 ab

0.53 
±0.06 b

0.009 
±0.001 a

0.04 
±0.003 a

0.01 
±0.001 a

0.52 
±0.07 b

3.19 
±0.42 c

4.409 
±0.536

W 0.1  
±0.01 a

0.68 
±0.07 b

0.036 
±0.046 a

0.01 
±0.001 a

0.023 
±0.002 a

0.05 
±0.006 a

0.2  
±0.02 ab

4.75 
±0.52 c

5.849 
±0.474

Data are presented as mean ± standard deviation (SD) 
Values within the same row followed by different superscript letters (a-c) are significantly different (p < 0.05) 
Underlined values indicate significant differences between men and women within the same polyphenol and food group
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[37,38]. Despite these promising effects, such supplementa-
tion levels greatly exceed those achievable through a typical 
mixed diet.

A human intervention study involving supplementa-
tion with 500 mg of rutin in healthy women demonstrated 
increased plasma concentrations of quercetin, kaempferol, 
and isorhamnetin, without significant changes in oxidative 
stress biomarkers, suggesting extensive metabolic trans-
formation of rutin during absorption [39]. This observa-
tion underscores the broader conclusion that, although fla-
vonoids exhibit strong antioxidant activity in vitro, their  
in vivo effects are often less pronounced and more difficult 
to demonstrate.

CONCLUSIONS

The conducted experiments revealed that beverages, 
fruits, and vegetables were the food groups contributing 
most substantially to the total daily intake of polyphenols. 
Although the individual structure of consumption deter-
mines the primary dietary sources of polyphenols, it was 
clearly demonstrated that only foods of plant origin con-
stitute significant contributors to polyphenol intake. Total 
daily polyphenol intake, polyphenol concentration per 100 
g of diet, and antiradical activity measured using the DPPH 
assay were slightly higher in women than in men; however, 
these differences were not statistically significant.

LC-MS analysis demonstrated that gallic acid was the 
predominant polyphenol in the diets of both women and 
men, followed by quercetin, rutin, and epigallocatechin 
gallate. The study also confirmed that total phenolic content 
values determined using the Folin-Ciocalteu method are 
not fully consistent with results obtained from chromato-
graphic analysis. This observation supports previous reports 
indicating that the Folin-Ciocalteu assay primarily reflects 
the overall reducing capacity of the sample and is therefore 
more suitable for estimating antioxidant potential rather than 
precise phenolic content. Consequently, only a weak cor-
relation between spectrophotometric and chromatographic 
results was observed.

The present study has certain limitations. The most 
important is that only four polyphenolic compounds were 
identified and quantified using the applied chromatographic 
method. Undoubtedly, crude extracts obtained from major 
food groups contain a much broader spectrum of polyphe-
nolic compounds. Therefore, further studies are required to 
develop and optimize analytical methods enabling compre-
hensive determination of a wider range of polyphenols in 
daily food rations.

Despite these limitations, the conducted research allowed 
for a preliminary assessment of dietary polyphenol intake 
from major food groups using spectrophotometric techniques 
and for the development of a chromatographic approach 
that enables the identification and quantification of selected 
polyphenols consumed in the highest amounts with the diet.

ORCID iDs
Joanna Tokarczyk https://orcid.org/0009-0002-3330-1224
Marcin Czop https://orcid.org/0000-0002-8113-5841 Wojciech 
Koch https://orcid.org/0000-0001-8749-9657

REFERENCES

1.	 Chen Y, Michalak M, Agellon LB. Importance of nutrients 
and nutrient metabolism on human health. Yale J Biol Med. 
2018;91(2):95-103.

2.	 Cheynier V. Phenolic compounds: from plants to foods. Phytochem 
Rev. 2012;11:153-177.

3.	 Tomás-Barberán FA, Ferreres F, Gil MI. Antioxidant phenolic 
metabolites from fruit and vegetables and changes during 
postharvest storage and processing. Stud Nat Prod Chem. 
2000;23:739-795.

4.	 Bendary E, Francis RR, Ali HMG, Sarwat MI, El Hady S. Antioxidant 
and structure-activity relationships (SARs) of some phenolic and 
aniline compounds. Ann Agric Sci. 2013;58(2):173-181.

5.	 Jopkiewicz S. Oxidative stress. Part I. Oxidative stress as a factor in 
the development of civilization diseases. Med Śr. 2018;21(2):48-52.

6.	 Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and 
vascular disease. Arterioscler Thromb Vasc Biol. 2005;25(1):29-38.

7.	 Zajdel A, Wilczok A, Słowiński J, Orchel J, Mazurek U. Aldehydic 
lipid peroxidation products in human brain astrocytomas. J 
Neurooncol. 2007;84(2):167-173.

8.	 Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M, Telser J. 
Free radicals and antioxidants in normal physiological functions and 
human disease. Int J Biochem Cell Biol. 2007;39(1):44-84.

9.	 Adebooye OC, Vijayalakshmi R, Singh V. Peroxidase activity, 
chlorophylls and antioxidant profile of two leaf vegetables (Solanum 
nigrum L. and Amaranthus cruentus L.) under six pretreatment 
methods before cooking. Int J Food Sci Technol. 2008;43:173-178.

10.	 McGee EJT, Diosady LL. Prevention of iron-polyphenol complex 
formation by chelation in black tea. LWT. 2018;89:756-762.

11.	 Bravo L. Polyphenols: chemistry, dietary sources, metabolism, and 
nutritional significance. Nutr Rev. 1998;56(11):317-333.

12.	 D’Archivio M, Filesi C, Varì R, Scazzocchio B, Masella R. 
Bioavailability of the polyphenols: status and controversies. Int J 
Mol Sci. 2010;11(4):1321-1342.

13.	 Abdel-Shafy H, Mansour MSM. Polyphenols: properties, occurrence, 
content in food and potential effects. In: Phenolic Compounds – 
Biological Activity. InTech; 2017. p. 232-261.

14.	 Scalbert A, Williamson G. Dietary intake and bioavailability of 
polyphenols. J Nutr. 2000;130(8 Suppl):2073S-2085S.

15.	 Arfaoui L. Dietary plant polyphenols: effects of food processing on 
their content and bioavailability. Molecules. 2021;26(10):2959.

16.	 Jiménez-Monreal AM, García-Diz L, Martínez-Tomé M, Mariscal M, 
Murcia MA. Influence of cooking methods on antioxidant activity 
of vegetables. J Food Sci. 2009;74(3):H97-H103.

17.	 Nayak B, Liu RH, Tang J. Effect of processing on phenolic 
antioxidants of fruits, vegetables, and grains: a review. Crit Rev Food 
Sci Nutr. 2015;55(7):887-919.

18.	 Arts ICW, van de Putte B, Hollman PCH. Catechin contents of foods 
commonly consumed in The Netherlands. 1. Fruits, vegetables, staple 
foods, and processed foods. J Agric Food Chem. 2000;48(5):1746-1751.

19.	 Miglio C, Chiavaro E, Visconti A, Fogliano V, Pellegrini N. Effects 
of different cooking methods on nutritional and physicochemical 
characteristics of selected vegetables. J Agric Food Chem. 
2008;56(1):139-147.

20.	 Koch W, Czop M, Nawrocka A, Wiącek D. Contribution of major 
groups of food products to the daily intake of selected elements: 
results from analytical determinations supported by chemometric 
analysis. Nutrients. 2020;12(11):3412.

21.	 Everette JD, Bryant QM, Green AM, Abbey YA, Wangila GW, 
Walker RB. Thorough study of reactivity of various compound 
classes towards the Folin-Ciocalteu reagent. J Agric Food Chem. 
2010;58(14):8139-8144.

22.	 Koch W, Baj T, Kukula-Koch W, Marzec Z. Dietary intake of specific 
phenolic compounds and their effect on the antioxidant activity of 
daily food rations. Open Chem. 2015;13:869-876.



Joanna Tokarczyk, Marcin Czop, Wojciech Koch

Vol. 38, No. 4(AOP), Pages 

Joanna Tokarczyk, Marcin Czop, Wojciech Koch

Vol. 38, No. 4(AOP), Pages 

23.	 Grosso G, Stepaniak U, Topor-Mądry R, Szafraniec K, Pająk A. 
Estimated dietary intake and major food sources of polyphenols in 
the Polish arm of the HAPIEE study. Nutr. 2014;30(11-12):1398-1403.

24.	 Chun OK, Chung SJ, Song WO. Estimated dietary flavonoid intake 
and major food sources of U.S. adults. J Nutr. 2007;137(5):1244-1252.

25.	 Mullie P, Clarys P, Deriemaeker P, Hebbelinck M. Estimation of 
daily human intake of food flavonoids. Plant Foods Hum Nutr. 
2007;62(3):93-98.

26.	 Koch W, Kukula-Koch W, Komsta Ł. Black tea samples origin 
discrimination using analytical investigations of secondary 
metabolites, antiradical scavenging activity and chemometric 
approach. Molecules. 2018;23(3):513.

27.	 Khan N, Mukhtar H. Tea polyphenols in promotion of human health. 
Nutrients. 2019;11(1):39.

28.	 Ovaskainen ML, Törrönen R, Koponen JM, Sinkko H, Hellström J,  
Reinivuo H, et al. Dietary intake and major food sources of 
polyphenols in Finnish adults. J Nutr. 2008;138(3):562-566.

29.	 Wilczyńska A, Retel M. Oszacowanie pobrania związków fenolowych 
z dietą z uwzględnieniem udziału miodów pszczelich. Żywność 
Nauka Technologia Jakość. 2011;18(1):66-75.

30.	 Rejman K, Kowrygo B, Laskowski W. Evaluation of the structure 
of food consumption in Poland in the context of sustainable 
consumption. J Agribus Rural Dev. 2015;3(37):503-512.

31.	 Jąder K. Consumption of vegetables in Poland in different types of 
households. Roczn Nauk Stow Ekon Rol Agrobiz. 2015;17(3):144-150.

32.	 Gantner M, Stokowska B. Not only spices prolong the durability  
of meat. Postepy Tech Przetw Spoż. 2015;1:86-90.

33.	 Pérez-Lamela C, Franco I, Falqué E. Impact of high-pressure 
processing on antioxidant activity during storage of fruits and fruit 
products: a review. Molecules. 2021;26(17):5265.

34.	 Saura-Calixto F, Goñi I. Antioxidant capacity of the Spanish 
Mediterranean diet. Food Chem. 2006;94:442-447.

35.	 Pulido R, Hernández-García M, Saura-Calixto F. Contribution of 
beverages to the intake of lipophilic and hydrophilic antioxidants in 
the Spanish diet. Eur J Clin Nutr. 2003;57(10):1275-1282.

36.	 de Vries JHM, Janssen PLTMK, Hollman PCH, van Staveren WA, 
Katan MB. Consumption of quercetin and kaempferol in free-living 
subjects eating a variety of diets. Cancer Lett. 1997;114(1):141-144.

37.	 Hassan FAM, Roushdy EM, Kishawy ATY, Zaglool AW, Tukur HA, 
Saadeldin IM. Growth performance, antioxidant capacity, lipid-
related transcript expression and economics of broiler chickens fed 
different levels of rutin. Animals (Basel). 2019;9(1):7.

38.	 Li H, Gu Y, Jin R, He Q, Zhou Y. Effects of dietary rutin 
supplementation on intestinal morphology, antioxidant capacity, 
immunity, and microbiota of aged laying hens. Antioxidants (Basel). 
2022;11(9):1843.

39.	 Boyle SP, Dobson VL, Duthie SJ, Hinselwood DC, Kyle JAM, Collins 
AR. Bioavailability and efficiency of rutin as an antioxidant: a human 
supplementation study. Eur J Clin Nutr. 2000;54(10):774-782.


