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SUMMARY
Objectives: This study aimed to determine trend in polyphenol consumption in the Czech Republic during the last three decades. Additionally, 

it provides a brief overview of the beneficial effects of polyphenols in several body systems.
Methods: Data from the Phenol-Explorer 3.6, a specialized database of polyphenolic substances, were assigned to the resources of the Czech 

Statistical Office on the consumption of food and beverages in the Czech Republic for the years 1989–2022. The average daily intake of polyphe-
nols was determined by multiplying the average annual consumption of each type of food by the polyphenol content obtained from the database; 
results were given in milligrams of polyphenols per inhabitant and day. Since the food items in the data sources are not identical, it was necessary 
to create an extensive model of food categories.

Results: The current value of polyphenol intake is 1,673 mg per day per inhabitant; however, this level most likely reflects methodological 
underestimation. The favourable increase in dietary polyphenol intake in the Czech population – doubling, to be precise – which we observed 
from 1989 to 2007, has been replaced by the opposite trend in the last 15 years. The current intake of polyphenols corresponds to the level that 
was already achieved in 2004. Hydroxycinnamic acids (from the group of phenolic acids) are the most prevalent dietary polyphenols, followed by 
flavanols (from the group of flavonoids). The most frequent source of polyphenols in the Czech population are non-alcoholic beverages such as 
coffee, tea and juices, followed by fruits, cereals, and vegetables, respectively.

Conclusion: Current trend of dietary polyphenol intake in the Czech population is slightly decreasing. This tendency, lasting since 2008, is 
indisputably negative. Plant polyphenols offer opportunities for inexpensive interventions in health promotion.
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INTRODUCTION

Plant polyphenols (PP) belong to the broad group of non-
nutritional, biologically active natural compounds ubiquitously 
occurring in food of plant origin. Their chemical structure is 
characterized by one or more hydroxylated benzene rings that are 
usually linked to a sugar unit by a glycosidic bond. PP are believed 
to be secondary physiological products of plants. The basic and 
the largest group of PP is represented by flavonoids (including 
anthocyanidins). They are followed by phenolic acids, stilbenes 
and other phenolics, polyphenol dimers, and polymerisation 
products (e.g., tannins) (1).

The beneficial effect of nutrition rich in vegetables and fruits 
is widely accepted. In addition to fibre, vitamins, minerals, and 
trace elements, these food groups contain polyphenolic substances 
which are traditionally classified as phytochemicals. They show 
positive effects in several body systems and are involved in 
prevention of many diseases. From a public health perspective, 
non-communicable diseases, including ischaemic heart disease 
or type 2 diabetes, as well as common mental illnesses, such as 
anxiety disorders and major depression, account for enormous 
global disease burden. In recent years, we have learned about the 

health benefits of PP not only from epidemiological studies, but 
also from clinical studies and meta-analyses. Many researchers 
are aware of their potential role in primary prevention and man-
agement of numerous, including the above-mentioned, diseases 
(2). Considering their ubiquity in plant-based food, they offer 
opportunities for inexpensive interventions. 

It is not the purpose of this article to provide an exhaustive 
overview of the effects of PP, which would require a monograph 
of hundreds of pages. Rather, we give a brief overview with a 
focus on the most widespread health ailments and presentation of 
the trends pertaining to PP consumption during the last decades 
in the Czech Republic.

Biological Activity of Polyphenolic Substances – An 
Overview

PP are traditionally associated with their antioxidant properties 
(3, 4). Nevertheless, this is no longer perceived as the only or 
dominant mechanism of their positive effects, as other mecha-
nisms have been discussed recently, including their ability to 
reduce the pro-inflammatory state of the organism and elicit other 
protective processes (concerning DNA, cells, tissue structures, 
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etc.), regeneration and resistance that support adaptability includ-
ing protection of mitochondrial function, all of which contribute 
to maintaining health (5, 6). The effect of PP is not limited to soft 
tissues; phytochemicals can also be applied in specialized medi-
cal fields, e.g., in dentistry. In the following text, we will discuss 
some beneficial effects in detail.

Effect of Polyphenolic Substances in the Field of 
Cardiovascular Health

Globally, cardiovascular diseases are the major cause of mor-
bidity and mortality, accounting for 32% of all-cause mortality and 
for 44% of all deaths related to non-communicable diseases. Of 
these deaths, 85% are due to ischaemic heart disease and stroke (7). 
The role of oxidative stress as a promoter of endothelial dysfunc-
tion, that in turn is a driver of early atherosclerosis and consequent 
cardiovascular disorders, is no longer in doubt and provides space 
for the anti-inflammatory and antioxidant strategy in the field of 
cardioprotection. “Beyond the inhibition of oxidative stress, PP 
also display indirect antioxidant effects, occurring through the acti-
vation of the transcription nuclear factor erythroid 2-related factor 
2 (Nrf2). This process induces endogenous antioxidant systems and 
is likely to be responsible also for PP-mediated maintenance of the 
correct redox balance of cells, achieved through the equilibrium 
of phase I and II enzyme activity” (8). “The anti-inflammatory 
properties of PP are strictly connected with the modulation of 
oxidative stress and of the balance of redox cellular homeostasis” 
(9). “Multiple mechanisms, most of which are mediated by the 
inhibition of the nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB), account for PP’s anti-inflammatory 
activity. These compounds are able to decrease the cellular pro-
duction of pro-inflammatory mediators (10–12) and to inhibit the 
expression of adhesion molecules (13), thus impairing the chemo-
taxis of monocytes within the inflamed tissues” (14). “Additional 
mechanisms accounting for the cardioprotective action of PP target 
lipid metabolism; its impairment represents a causative factor of 
atherosclerosis development” (15). The reduction of cholesterol 
synthesis, the increase of LDL receptor expression and activity 
(16), and the increase in expression of the cholesterol transporters 
ATP-Binding Cassette G5/ATP-Binding Cassette G8 (17) have 
been described in in vivo models. PP’s (i.e., epigallocatechin gal-
late) capacity to displace cholesterol from intestinal micelles have 
been associated with increased cholesterol faecal elimination in 
vivo. “The effect on triglyceride plasma level is possibly related 
to the reduction of apolipoprotein B48 and apolipoprotein B100 
production in the liver and the intestine” (14, 18). “PP could also 
be able to positively influence endothelial function; its impairment 
is an established key factor for the development of atherosclerosis” 
(14). The mechanism accounting for improved flow-mediated 
dilatation (measurement of flow-mediated arterial dilation is an 
ultrasound method for detecting endothelial dysfunction) probably 
relies on the increase of nitric oxide (NO) synthase activity (19, 
20). “This NO-mediated vasodilation, together with the influence 
on the renin-angiotensin system, is responsible for the reduction 
of blood pressure, an additional cardioprotective activity of PP. 
Interestingly, this effect is also evident upon consumption of low, 
habitual amount of PP-rich food” (21). “Finally, cardiovascular 
benefits of PP may be ascribed to the peculiar pharmacokinetic 
properties mentioned above” (14).

Effects of Polyphenolic Substances in the Field of 
Metabolic Disorders: Overweight, Obesity and Type 
2 Diabetes

“The distinctive structural properties of PP make them capable 
of regulating the key molecular mechanisms involved in metabolic 
syndrome, particularly hyperinsulinemia, altered carbohydrate 
metabolism, abdominal obesity, hyperlipidaemia, and disrupted 
glucose homeostasis. These factors can ultimately lead to the 
development of serious health conditions such as cardiovascular 
disease and type 2 diabetes” (22). “The prerequisite interactions 
that can further initiate some other downstream reactions mainly 
occur in the intestine. Several possible mechanisms involved are 
inhibition of carbohydrate digesting enzyme and glucose trans-
porters, limiting endotoxemia by increasing gut barrier function, 
and stimulation of enteroendocrine secretion responsible for 
regulating hunger and satiety” (23).

In vitro studies showed inhibitory effects of flavonoids and 
phenolic acids on α-amylase and α-glucosidase activities and 
intestinal glucose absorption by the sodium-glucose cotransport-
ers (SGLT1) and glucose transporter 2 (GLUT2). Flavonoids 
protected β-cells from hyperglycaemia in in vivo and cell culture 
studies. PP promoted the uptake of glucose in cell cultures by 
activating insulin-mediating pathways, e.g., the (Cyclic adenosine 
3′,5′-monophosphate)cAMP/protein kinase A and phosphatidyli-
nositol 3-kinases (PI3K) pathways. In the liver, PP-rich foods 
prevented gluconeogenesis and stimulated glycogenesis (24).  
The results of a German meta-analysis, which also conducted a 
dose-response analysis, interpret that an optimal intake of 1,000 
mg total polyphenols per day corresponds to the lowest risk of 
type 2 diabetes (25). 

Effect of Polyphenolic Substances in the Field of 
Oncology

The benefits of PP can be applied in the prevention of malignant 
diseases. As an example, we can mention colorectal adenoma 
(CRA), which is a premalignant lesion eventually resulting in 
colorectal cancer (CRC). The prevalence of colorectal adenoma 
increases with age, 25% of men and 15% of women who undergo 
colorectal screening have an adenoma. In patients over 60 years of 
age, adenomatous polyps are present in more than 40% (26). The 
annual rate of adenoma progression to colorectal cancer (CRC) is 
~0.25% (27). PP can reduce the risk of malignant transformation 
with the reduction of oxidative damage to DNA and enzymes 
in cells and tissues and through a number of physiological ac-
tivities – antibacterial, antioxidant, anti-inflammatory, antiviral, 
antitumor and immunomodulating functions. A number of studies 
have shown that PPs have inhibitory effects on CRAs and are 
also considered as an important source of natural medicines for 
the treatment of a number of other diseases due to their efficacy 
and safety (28).

Effect of Polyphenolic Substances in the Field of 
Mental Health

“Strikingly, the role of PP in improving brain vascular func-
tion, thus maintaining cerebral blood flow underpinning cognitive 
activity, has been well established in young and old adults. The 
potential anti-inflammatory mechanisms have been described 
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in glial and neuronal cells exposed to supraphysiological con-
centrations of flavonoids and some studies on humans revealed 
flavonoid ability to reduce plasma levels of several inflammatory 
markers (C-reactive protein and NF-κB, and interleukins such 
as IL4, IL8 and IL13). An additional mechanism explaining the 
neuroprotective action of PP is the inhibition of cholinesterases, 
resulting in increased cholinergic activity and improved cognitive 
performance.” “Recent evidence suggests that PP, in particular 
flavonoids, may influence specific processes, the reduction of 
neuropathological proteins accumulation, and the improvement 
of synaptic plasticity.” The below described inter-relationships 
between PP and gut microbiota also have relevant implication in 
the setting of neuroprotection (14). 

“Studies have also demonstrated that PP’s antioxidant prop-
erties may help improve depression through targeting neuronal 
survival, regeneration and development. Further, as a lipid-rich 
organ, the brain is highly susceptible to oxidative damage, mean-
ing that improved antioxidant status from PP supplementation 
may further aid in countering depression-induced disturbances in 
neurotransmission. Meta-analyses results found no significant as-
sociation between PP use and anxiety; and PP use did not improve 
the quality of life. Nevertheless, all types of PP supplementation 
analysed in this study produced a significant improvement in de-
pression score.”(29). Antioxidant effect, interaction with intestinal 
microbiome glucoregulation, and improvement of cerebrovascular 
functions through a key effect on synthesis and bioavailability of 
NO seem to be the main mechanisms behind the improvement of 
brain functions (30).  

Effect of PP on Immune Health and the Gut Micro-
biota 

In addition to the above-mentioned scavenger functions and 
anti-inflammatory effect, PP display interesting pharmacokinetic 
features. Although these compounds reach the distal tract of 
gastrointestinal tract unchanged they are modified by the gut 
microbes to substances with prebiotic-like activity, which support 
growth of beneficial and supress growth of potentially harmful 
microbes (14). The microbial diversity and stability plays an 
essential role in maintaining the host’s metabolic and immune 
response homeostasis (23). The human gastrointestinal tract 
contains approximately 100 trillion bacteria, which have more 
than three million gene functions (31). Intestinal microbes influ-
ence the host physiology by producing thousands of metabolites 
(32–34). The dietary composition significantly influence the gut 
microbiome; nutritional components, e.g., indigestible carbohy-
drates such as oligosaccharides or phytochemicals such as PP 
(35). Moreover, gut microbiome is a part of the gut–brain axis, 
therefore neurotransmitters and other metabolites produced by gut 
microbes act on the brain. The brain and the gut bidirectionally 
interact via the central nervous system, the hypothalamic–pitui-
tary–adrenal (HPA) axis, the endocrine system, and the immune 
system. Responding to stress, emotions and other factors, the 
HPA axis secretes hormones which alter gut motility, diges-
tion, and the ecosystem of the gut microbiota in general. The 
important neurotransmitters and metabolites such as serotonin 
and γ-aminobutyric acid (GABA) are also produced by the gut 
microbes. These molecules modulate behaviour and have an 
impact on the neuronal signalling, digestive function, and the 

immune system of the host (36). As evident from the above, there 
is a generally accepted connection between mental health and the 
health of the gut microbiome.

Effect of Polyphenolic Substances in the Field of 
Dental Health  

In case of tooth decay, the protective effect of PP is, inter alia, 
based on a direct interaction with the oral microbiome: They block 
vital functions of bacteria by acting upon intracellular membranes 
and forming complexes with metal ions. In addition, PP influence 
saliva proteins and pellicles, thereby prevent certain bacteria from 
the adhesion and inhibit biofilm formation. Some PP form protein-
polyphenol aggregates that strengthen the pellicle of the tooth and 
support the afore-mentioned mechanisms. PP thus enrich proteins 
with potential protective mechanisms against tooth decay and ero-
sion (37). Dietary PP have been shown to effectively reduce gingival 
bleeding as well as alveolar bone loss by suppressing osteoclas-
togenesis and inhibiting inflammatory cytokines (38). Therefore, 
some PP can counter the most common diseases of the oral cavity 
and are also involved in the prevention of oral cavity cancer (39). 

Despite the above-mentioned biological effects, PP are not 
given particular attention in most nutritional recommendations. 
Regular and abundant intake of polyphenolic substances is de-
sirable for maintaining good health. The goal of this study is to 
describe the trend of consumption of these phytochemicals in the 
Czech Republic over the past few decades. Relevant resources 
cover the last 30 years, although data on food consumption were 
collected in former Czechoslovakia from the 1950s. Unfortu-
nately, the oldest available data do not contain all the items needed 
for a correct calculation; therefore, we present the development 
in the last three decades.

MATERIALS AND METHODS

Data from the Phenol-Explorer 3.6 (PE) (40), a specialized data-
base of polyphenolic substances containing thousands of chemical 
individuals divided according to occurrence in primarily plant 
sources, including honey as well as non-alcoholic and alcoholic 
beverages, were assigned to the data of the Czech Statistical Office 
(CSO) on the consumption of food and beverages in the Czech 
Republic for the years 1989–2022. The average daily intake of PP 
was determined by multiplying the average annual consumption of 
each type of food (from CSO) by the PP content obtained from the 
PE database and by the coefficient from extensive model. Results 
were given in mg PP/inhabitant and day. Because the food groups 
in the CSO and PE databases are not identical – for example, one 
food group in the CSO data corresponds to several plant species 
(subtypes of food) in the PE database – it was necessary to create 
an extensive model which considered the proportions of individual 
subtypes in plant species listed in Czech consumption. For exam-
ple, one item of soy in the statistical records corresponds to 20 
subtypes and products from soy in PE. For each plant species (from 
PE database), the extensive model assigns a coefficient reflecting 
its popularity – the market share of corresponding food in annual 
consumption (from CSO). Available resources or current market 
research conducted by the authors of the article were used to cre-
ate this model. The method itself is not suitable for determining 



104

the exact value of PP consumption, as it summarizes the particular 
chemical individual listed in PE. On the other hand, PE contains 
items summarizing the occurrence of PP in the food, e.g., total 
polyphenols, which had to be deliberately excluded from the 
calculation in order to avoid duplication or overestimation of PP 
intake. When all individual PP in one type of food are added, the 
resulting sum is always lower than the value of total polyphenols 
for this food. We believe that the calculated PP consumption per 
inhabitant per day is significantly underestimated compared to 
reality. Another inaccuracy of the method lies in the extensive 
model of constant food subtypes proportions which does not 
consider the gradually improving availability of more exotic and 
rare food products over the years, owing to the fact that data on 
the market share of all 350 subtypes of food and beverages listed 
in PE related to the past 30 years of the Czech market for each 
year separately are unavailable. Therefore, the model of food 
subtypes remains constant for the calculation, and the PP intake 
trend primarily reflects only the consumption of food and bever-
ages, not the gradually improving availability of special items. 
The other inaccuracy lies in the distortion that, according to the 
CSO’s methodology, the average consumption of the population 
is related to the total number of inhabitants, including children 
and the elderly whose consumption varies. The last inaccuracy 
is the heterogeneity of data on concentrations in PE pertaining 
to one chemical individual, it led us to operate with the average 
concentration of the active substance from several studies, which 
also provided data on lower and upper limits. For example, the 
average concentration of quercetin in strawberry is 0.54 mg/100 
g, the maximum is 1 mg/100 g and the minimum is 0.3 mg/100 g. 
Put another way, the actual value can be in fact even many times 
lower or higher than the average concentration. Furthermore, 
PP values in foods fluctuate as a result of climate, soil, ripeness, 
processing, and storage (41). The authors of Phenol-Explorer have 
already factored and calculated these influences into their average, 
and we have adopted it. Both, the food subtypes model (extensive 
model) and the average concentration of active substances remain 
constant in the calculation. The calculation summarizes 7,020 items 
in 350 food types from PE applied to 65 foods and beverages in 
Czech consumption statistics.

RESULTS

The resulting trend in the consumption of polyphenolic sub-
stances is shown in Figure 1. 

A favourable increase in the PP intake that can be seen from 
1989 to 2007, which almost doubled compared to initial intake, 
is currently replaced by the opposite trend. Since 2007, we have 
observed a slight decreasing tendency in PP consumption. The 
current intake of PP thus corresponds to the value reached around 
2004; it is now 5% lower than the maximum from 2007.

The main two most represented groups of PP are flavonoids 
and phenolic acids. These groups are also the most representative 
of the health effects mentioned in the introductory section. In the 
group of flavonoids, the first two places are occupied by flavanols 
contained primarily in drinks such as coffee and tea, followed 
by anthocyanins mainly from fruits. The group of phenolic acids 
is dominated by hydroxycinnamic acids, which are abundant in 
all monitored food and beverage groups (starting with coffee) 
and spices. Biologically important stilbenes, the main of which 
is resveratrol, contribute to the total intake of polyphenols in 
the Czech Republic by only one per mille, they are found in red 
wine, but the lingonberry and European cranberry is also a rich 
source as a non-alcoholic source. Lignans were ahead of stilbenes 
mainly due to their presence in edible oils. Among PP substances, 
hydroxycinnamic acids (from the group of phenolic acids) are 
consumed most frequently, followed by flavanols (from the group 
of flavonoids). Complete overview is shown in Figures 2 and 3.

From the first group, it is primarily ferulic acid and caffeoyl-
quinic acid; from the group of flavanols, epicatechin and catechin 
are the most common.

Flavanols, anthocyanins, flavones, flavanols, and flavanones 
are included among flavonoids. Hydroxycinnamic acids and 
hydroxybenzoic acids together with hydroxyphenylacetic acids 

Fig. 1. Trend of daily intake of PP in mg/day per 1 inhabitant in the Czech Republic.

Flavonoids
49.6%

Lignans
2.3%

Phenolic acids
43%

Stilbenes
0.1%

Other 
polyphenols

5%

Fig. 2. Proportions of the main PP groups consumed in the 
Czech Republic.
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are included in phenolic acids. Alkyl- and methoxy-phenols, 
alkylphenols, tyrosols, and curcuminoids are grouped under 
heading “other polyphenols”. Lignans form a separate group, as 
do stilbenes.

Among foods (Fig. 4), non-alcoholic beverages – coffee and 
tea – contribute the most to PP intake. As expected, fruit ranked 
second, followed by cereals and cereal products. Vegetables 
ranked fourth, followed by alcoholic beverages, edible oils and 
legumes.

DISCUSSION

Current slightly decreasing trend in PP consumption of the 
Czech population since 2008, especially when facing deteriora-
tion of socioeconomic situation requiring increased adaptability, 
is considered unfavourable. However, the modest rise in PP intake 
seen in the last few years is promising. The current value of PP 
intake of 1,673 mg per day per inhabitant cannot be considered ac-
curate or comparable with other countries due to the shortcomings 
of the method described in the methodology section. Considering 
the methodological underestimation, it can be assumed that the 
real average intake of PP in the Czech Republic is in fact higher.

The method is suitable for determining foods that are sources 
of PP and their relative contribution to the total PP intake. As 

can be seen from Figures 3 and 4, non-alcoholic beverages, 
dominated by coffee and tea, contribute the most to PP intake, 
while the proportion related to alcoholic beverages, on the other 
hand, is low despite the traditionally high consumption in the 
Czech Republic, which typically has third to fourth highest per 
capita alcohol intake from OECD countries (42). This is mainly 
due to the consumption of beer – eight times higher than wine in 
the Czech Republic – which is low in PP content. The intake of 
vegetables or fruits per person in kg is about the same, but fruits 
provide more PP. Cereals are consumed by Czechs about 30% 
more than fruits or vegetables, which is why they have ranked 
between fruits and vegetables as an important source of PP. Al-
though it would be recommended to increase the consumption of 
red wine, due to the high representation of PP including stilbenes 
such as resveratrol, further consumption of alcoholic beverages or 
replacing beer with wine cannot be recommended, as the WHO 
does not consider any dose of alcohol to be safe (43).  

CONCLUSION

Polyphenolic substances have several multisystemic effects 
that can be exploited at a low cost to promote population health 
and to improve markers of various diseases and health status in 
general. The favourable increase in dietary PP intake in the Czech 

Fig. 4. Most frequent PP sources consumed by the Czech population.

Fig. 3. Most common polyphenolic substances in daily intake.
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population – doubling, to be precise – which we observed from 
1989 to 2007, has been replaced by the opposite trend in the last 
15 years. The current intake of PP corresponds to the level that 
was achieved in 2004; it is lower than the maximum from 2007 
by 5%. The decreasing tendency in the intake of polyphenolic 
substances lasting since 2008 is indisputably negative. Therefore, 
it is necessary to promote the availability and dietary intake of 
phytochemicals, especially those contained in vegetables, which 
ranked as the 4th most frequent source of PP, despite the gener-
ally acknowledged health benefits. Similarly, it is advisable to 
promote the consumption of fruit and to maintain a significant 
proportion of non-alcoholic beverages such as tea and coffee in 
the diet. By contrast, due to the adverse effects of alcohol and the 
high consumption of alcoholic beverages in the Czech Republic, 
we cannot recommend promotion of alcoholic beverages in agree-
ment with the WHO. 
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