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INTRODUCTION
Alcoholic beverages are the most commonly used stimulant 

in society in many countries. According to the World Health 
Organization, beer is one of the most consumed types of 
alcoholic beverage in the world [69]. In Europe, the countries 
with the highest beer consumption are the Czech Republic, 
Austria, Germany and Poland [32].

Beer is brewed using the following ingredients: water, 
barley, hops and yeast, but due to the selection of the raw 
materials and brewing processes the resulting product is 
chemically complex, which is why many types of beer are 
distinguished [70]. Currently, beers are mainly classified 
according to the fermentation process, as bottom or top 
fermentation. The most commonly consumed type of beer 
is light beer (lager type), which uses bottom-fermenting 
yeast for its production, and the fermentation is carried 
out at a temperature between 6 and 15 °C, while ale type 
beers are produced using top-fermenting yeast occurring at  
a temperature between 16 and 24 °C. Depending on the 
raw materials, recipes and production techniques used, 
different beers such as Pilsen, bock, pale and many others are 
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Beer is one of the most consumed types of alcoholic beverage 
in the world. Beer is brewed using the following ingredients: 
water, barley, hops and yeast, but the selection of the raw 
materials and brewing processes determines the nutritional 
value and content of phenolic compounds in the final 
product. The aim of this article is to characterize the phenolic 
compounds of beer, as well as presenting the impact of the 
beer production process on its antioxidant properties.
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Piwo jest jednym z najpowszechniej spożywanych napojów 
alkoholowych na świecie. Podstawowymi składnikami wyko-
rzystywanymi do produkcji piwa jest woda, jęczmień, chmiel  
i drożdże, a dobór surowców i procesów warzenia determinuje 
wartość odżywczą i zawartość związków fenolowych w final-
nym produkcie. Celem artykułu jest charakterystyka obecnych 
w piwie związków fenolowych, a także przedstawienie wpływu 
poszczególnych procesów produkcji piwa na zawartość fenoli, 
jak również na jego właściwości antyoksydacyjne.
Słowa	 kluczowe: piwo, związki fenolowe, właściwości 
antyoksydacyjne.

distinguished [4], characterized by a different nutritional value 
and content of phenolic compounds. The results of numerous 
studies confirm the health-promoting effects of the phenolic 
compounds present in beer, which are characterized by their 
antioxidant [45], anti-inflammatory [31], anticancer [24] and 
hepatoprotective properties [64]. It is suggested that low or 
moderate consumption of beer may have beneficial effects on 
health by reducing the risk of cardiovascular diseases, Osorio-
Paz et al. [47], osteoporosis [13] or Alzheimer’s disease, and 
other neurodegenerative diseases [53], but also the stimulation 
of the immune system [56]. The benefits of moderate alcohol 
consumption should be carefully cautioned so that consumers 
do not interpret this as permission to drink excessively [17]. It 
should be noted that excessive drinking of beer promotes gout, 
obesity, allergies, dementia, and cancer [56], as well as being 
associated with serious social problems such as addiction, 
violence or crime [16].

The	aim	of	 this	article	 is	 to	characterize	the	phenolic	
compounds	of	beer,	as	well	as	presenting	the	impact	of	the	
beer	production	process	on	its	antioxidant	properties.
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ENERGY	AND	NUTRITIONAL	 
VALUE	OF	BEER

Beer can be defined as a complex beverage of ingredients 
that differ significantly in structure and quantity, thus the beer 
contains various chemical components that can react and 
interact at all the stages of the brewing process [15]. In the 
beer’s production method, barley and hop cultivars determine 
the nutritional value of the beer [27], which contains over 3 
000 different compounds [1]. About 90% of the beer’s volume 
is water, the composition of which according to Cetó et al. 
[9], is a key parameter. Many different water parameters, 
among them pH, alkalinity or the concentration of metal ions, 
can affect the taste of beer. The water used in the brewing 
process must be pre-treated as well as pre-cooked to remove 
its hardness, it should also be characterized by the appropriate 
alkalinity, because, if the alkalinity of the water is too high, 
it causes the pH of the wort and beer to increase in the final 
product, which may negatively affect its taste profile. Some 
beers have a characteristic taste due to the water from the 
region, e.g. Pilsner Urquell, which is made from soft water 
from Pilsen in the Czech Republic [1]. During fermentation, 
ethanol and volatile compounds belonging to various chemical 
groups are produced, including aliphatic and aromatic 
alcohols, esters, acids, aldehydes, carbonyl compounds and 
terpene substances.

Volatile compounds create the aroma and taste of beer, 
which is why analysing the composition of beer can help 
in choosing the best raw materials and yeast strains, and 
in quality control [5, 15]. Beer contains ethyl alcohol in an 
average amount of 3–6% [5], while providing information 
on the ethanol content on the label is mandatory, there is no 
requirement to provide the energy or nutritional value of beer 
[69]. In the Table 1 are presented energy and nutritional value 
of light beer.

The energy value of beer is shaped by the ethanol content 
(1 g of ethanol provides 7 kcal), but also the content of protein 
and carbohydrates, and in beers fermented in a traditional 
way, the content of partially degraded starch can be about 
25%, which will affect the higher caloric value. Whereas the 
light beers usually contain smaller amounts of carbohydrates. 
It is generally stated that the energy value of 1 litre of beer is 
about 150 to 1 100 kcal [3]. Carbohydrates mainly come from 
malted barley, which are about 70–85% [35]. On average, 
beer contains about 4% carbohydrates, of which about 70% 
are dextrins, 25% monosaccharides and oligosaccharides, 
and about 6% are pentosans. However, after the fermentation 
process, beer contains amounts of disaccharides (maltose 
and sucrose) and monosaccharides (including glucose and 
fructose), which give the beer a sweet taste [11]. During the 
mashing process, oligosaccharides and/or monosaccharides 
are formed from the starch under the influence of enzymes and 
heat, but the largest amounts of decomposed starch are used in 
the fermentation process. There are also soluble and insoluble 
polysaccharides in grain and hops, which can have a significant 
impact on the brewing process, while polysaccharides persist 
and are also present in the finished product [5, 23].

Nitrogen compounds, i.e. amino acids, peptides, polypep-
tides, proteins, nucleic acids, as well as their degradation 
products are of key importance in determining the quality and 

stability of beer [25]. The content of nitrogen compounds in 
beer depends on the raw materials used and the enzymatic 
reactions used in the beer production process [18], mainly 
they come from malted barley, in which they are present in an 
amount of about 10–15% [35]. During the malting process, the 
reserve proteins are broken down into amino acids and other 
peptides. Then, in the fermentation process, the amino acids 
from the wort are used by the yeast, which affects the quality 
of the finished product [25]. Test results of Devolli et al. [18], 
indicate that in the brewing process the amount of protein de-
creases significantly, but its content in the final product is very 
important because it determines stability and the formation of 
haze. Beers containing large amounts of protein are character-
ized by a high level and tendency to create haze [18]. In ad-
dition, nitrogen compounds can also affect foam quality and 
stability [25].

Beer contains not only macronutrients, but also B vitamins 
and many minerals, namely calcium, magnesium, potassium 
and a small amount of sodium, as well as iron, copper, zinc 

Table	1.	 Energy	and	nutritional	value	of	light	beer	[34]
Tabela	1.	Wartość	energetyczna	i	odżywcza	piwa	jasnego	

[34]

Parameters Beer (100 ml)

Energy (kcal) 49

Water (g) 91

Carbohydrates (g) 3,8

Protein (g) 0,5

Potassium (mg) 26

Phosphorus (mg) 26

Magnesium (mg) 9

Calcium (mg) 6

Sodium (mg) 3

Iron (mg) 0,1

Manganese (mg) 0,03

Folate (μg) 6

Niacin (mg) 1,30

Vitamin B6 (mg) 0,02

Vitamin B2 (mg) 0,018

Vitamin B1 (mg) 0,004

Amino acids

Glutamic acid (mg) 101

Proline (mg) 94

Aspartic acid (mg) 37

Glycine (mg) 30

Alanine [mg] 31

Valine (mg) 26

Serine (mg) 20

Arginine (mg) 19

Cystine (mg) 19

Lysine (mg) 19
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and manganese, so it can be assumed that beer is characterized 
by a better nutritional value compared to other alcoholic 
beverages [3, 5, 65]. Minerals in beer come mainly from 
grain (75% malt) and water (the remaining 25%), while hops 
contribute insignificant amounts of minerals due to their 
low addition in the production process. It should be added 
that in the beer brewing process the amount of minerals that 
precipitate decreases [42]. According to research, beer can be 
a good source of calcium, because 500 ml of beer contributes 
up to 12% of the daily norm for this component in accordance 
with the Polish reference value and up to 15.5% in relation to 
US norms, while in the case of potassium the same amount of 
beer contributes up to 3% of the daily need [59]. In beer there 
are also phenolic compounds that can be assigned to several 
structural groups characterized by different biological activity, 
but determining the antioxidant properties of beer [28].

CHARACTERISTICS	OF	PHENOLIC	
COMPOUNDS	IN	BEER

Most of the phenolic compounds of beer, about 70-80%, 
come from malt, and about 20-30% from hops, while the final 
content and profile largely depends on the type of beer and 
are associated with the raw materials used and the method of 
brewing beer [72]. The growing sites of the barley cultivars 
have an impact on the content of phenolic compounds in 
barley [76]. Research by Šimić et al. [63], showed that the 
type of barley affects not only the total phenol content and 
antioxidant activity, but also the barley malt yield. According 
to Maillard et al. [41], although the cultivars of barley have  
a significant impact on the total content of phenolic compounds 
in the barley, the share of individual groups of phenols does 
not change. Phenolic compounds found in barley are mainly 
derivatives of benzoic and cinnamic acids, flavonoids, 
chalcones, quinines and amino phenols [22]. Despite the fact 
that the addition of hops to beer is small, because only 200 
mg of hops is used to produce about 100 litres of beer [42] 
it is a valuable source of polyphenolic compounds. Dried 
hop cones contain about 14.4% phenolic compounds [66]. 
Some phenolic compounds present in beer are formed during 
the mashing and brewing process of grain and hops. While 
some of these compounds have no effect, others may have 
a positive or negative effect on the sensory characteristics 
of beer [37]. An example is xanthohumol, isoxanthohumol 
and 8-prenylnaringenin formed during brewing, which is 
formed during the drying, storage and extraction of hops [58]. 
Generally, phenolic compounds determine the smell, colour, 
aroma and quality of the beer, and reactions that occur during 
storage (e.g. reactions of polyphenols with proteins) cause 
haze, which adversely affects the sensory values and overall 
quality [7, 2, 55]. The antioxidant effect of beer polyphenolic 
compounds is to remove free radicals, chelate metals, as well 
as inhibit lipoprotein oxidation [2], and inhibit oxidation of 
ascorbic acid and unsaturated fatty acids [75]. 

Phenolic compounds of beer constitute a structurally 
diverse group of compounds belonging to simple phenols, 
benzoic-and cinnamic acid derivatives, coumarins, catechins, 
proanthocyanidins, chalcones and flavonoids (flavan-3-ols: 
catechin, epicatechin, gallocatechin), flavonols (kaempferol, 
myricetin, quercetin), as well as alpha acids and iso-alpha 
acids [6, 75]. 

The lowest content of polyphenolic compounds is found 
in dark and lager beers and white wine, while the highest 
in red wines [40]. However, beer flavonoids derived from 
barley and hops are different from those used in wine-
making grapes [17]. The difference in phenolic compounds 
in alcoholic beverages means that beer is considered a drink 
with a higher antioxidant potential than white wine [28]. 
According to Pagang et al. [48], the antioxidant activity of 
one glass of red wine is equivalent to two glasses of beer 
and as many as twelve glasses of white wine. Interestingly, 
another study showed that the assessment of the antioxidant 
potential in beer and wine may depend on the test used, 
because although red wine had a much higher antioxidant 
potential than other beverages, beer had a greater ability to 
prevent lipid oxidation [52]. There are a lot of different tests 
used to determine the antioxidant potential, among them are 
gallic acid equivalent, iron antioxidant reduction test (FRAP), 
oxygen radical absorption capacity (ORAC) or 1,1-diphenyl-
2-picrylhydrazyl (DPPH (·)) test. In addition, some authors 
point to the possibility of determining the antioxidant capacity 
of beer based on data on the content and density of ethanol, 
bitterness and refractive index [43]. Depending on the type 
of beer and the test used, the total polyphenol content varies 
significantly. In the study of Piazzon et al. [51], it was found 
that in various types of beer the polyphenol content is from 
366 μg /ml gallic acid equivalent in non-alcoholic beer to 875 
μg /ml gallic acid equivalent in bock strong beers and top 
fermented beers (ale type). Similarly, the antioxidant activity 
measured using the Iron Antioxidant Reduction Test (FRAP) 
is different depending on the type of beer, with the highest 
amounts recorded for bock, abbey and ale (4 663 μM for type 
bock) and the lowest for non-alcoholic beer (1 525 μM) [51]. 
Similarly, Vinson et al. [73], noted that the highest content of 
phenolic compounds is in ale, then lager beer, then in low-
calorie beer, and the lowest in non-alcoholic beer, with the 
authors measuring the content of phenols colorimetrically 
using Folin-Ciocalteu reagent. However, Granato et al. [29], 
analysed the antioxidant activity of commercial Brazilian 
beers based on the ORAC and DPPH (·) tests and showed 
that ale-type brown beers were characterized by significantly 
higher antioxidant properties compared to lager type beers. 
Dabina-Bicka et al. [14], also showed that in the case of 
Latvian beers, the total content of phenols in dark beer is higher 
than in light beer. Moreover, Nino-Medina et al. [46], noted 
a higher content of phenolic compounds and the antioxidant 
capacity of Mexican lager beers compared to most literature 
data available on beers from different geographical regions. 
Also, the content of individual phenolic compounds in beers 
depending on the geographical region may be different, for 
example Brazilian beers in comparison with European beers 
are characterized by a higher content of gallic acid and lower 
content of ferulic acid [43].

THE	IMPACT	OF	BEER	PRODUCTION	
PROCESSES	ON	ITS	ANTIOXIDANT	

PROPERTIES
Phenolic beer compounds are endogenous antioxidants 

that can inhibit or prevent oxidation processes during 
brewing, which is why their importance in brewing is very 
high. Beer with high antioxidant activity, which can prevent 



131

the formation of free radicals that are formed only after 
deactivating antioxidants in beer. Barley malt, the brewing 
process and storage conditions of the final product affect the 
phenol profile of beer, and thus also its antioxidant activity 
[74, 76].

The first stage of beer production is malting, which aims 
to transform barley into malt suitable for brewing. Malting 
involves soaking the purified grain, followed by germination, 
during which the enzymes break down storage proteins and 
sugars, and finally drying or roasting the malt, which aims 
to reduce the moisture content of green malt and achieve  
a state that ensures stability during transportation and storage 
[8, 68]. Depending on the time and temperature of kilning or 
roasting, this stage has a decisive influence on the final colour 
and taste of the beer [74]. The results of many studies confirm 
that the content of phenolic compounds in malt is definitely 
higher than in barley [39, 21, 63, 33]. According to Koren et 
al. [33], a significant increase in their content occurs already 
during the process of soaking raw barley, in which the amount 
of moisture increases from 11–12% to 40%, making phenols 
more susceptible to extraction. Barley cultivars with higher 
antioxidant capacity, still retain their antioxidant properties 
after malting [21]. These observations contradict the results 
obtained by Quan et al. [64], who noted a much lower content 
of free phenolic content in the grain after steeping compared to 
raw grains, which, according to the authors, may be due to the 
fact that some phenolic compounds have dissolved in water or 
formed insoluble complexes with proteins. Interestingly, the 
impact of subsequent stages is also different. Some authors 
noted an increase content of phenolic compounds at the end 
of steeping and early germination, followed by a decrease in 
their content, also during kilning [50, 33], and others inversely, 
first reducing the content during steeping and early stages of 
germination, and then a significant increase in later stages 
of germination and during kilning [39, 36]. Different results 
were probably caused by differences in the technological 
process and the devices used [33]. It is generally noted that 
malting allows for better release and/or extraction of phenolic 
compounds [36], and the phenolic compound profile is 
relatively constant [68].

According to Koren et al. [33], the antioxidant activity 
of beer is significantly affected by the composition of the 
malt, from which the wort is obtained. Darker beers have  
a higher antioxidant potential than light, which is associated 
with the use of special malts containing more melanoidins, 
dark-coloured compounds that are formed as a result of 
Maillard’s reaction and have antioxidant properties [77]. Also, 
in the study of Ditrych et al. [19], it was demonstrated that 
dark beers have a higher antiradical potential and polyphenol 
content than in lager, wheat and non-alcoholic beers. Some 
malt can also be replaced by other cereals, for example corn 
or rice [42].

The next stage of beer production is mashing, but before 
that it is necessary to grind the dried malt, while it has been 
demonstrated that wet milling significantly reduces the total 
content of phenolic compounds [62]. During the mashing 
and brewing process, phenolic compounds are released into 
the wort from grains and hops and are thus present in the 
finished beer product [37]. Malt mashing takes place in two 
stages, first during mash production, the transformation of 

insoluble ingredients into soluble ones (fermenting sugars, 
dextrins, mineral substances, soluble proteins). To obtain wort 
with the right extract and clarity, mash filtration is carried 
out [57]. Important elements affecting the phenol content 
are the mashing method (infusion or decoction), mashing 
time, temperature, pH, as well as mash thickness, grain size 
and composition of the meal [71, 76, 68]. During mashing, 
the phenol content increases significantly, because under the 
influence of enzymes, bound phenols are released [76]. In the 
study of Pascoe et al. [49], it was demonstrated that the content 
of phenols such as catechins, ferulic, vanillic, chlorogenic 
and p-coumaric acids significantly increased during mashing. 
According to Schwarz et al. [54], the most optimal mashing 
temperature is 40–45 °C, with an increase in phenolic acid 
concentrations observed from the beginning of mashing to 
heating the wort to 62°C [71]. In addition, longer mashing 
times seem to be beneficial, since a higher concentration of 
phenolic acids in the wort was obtained [54] and the optimal 
pH is 5.8 [71]. In the second stage, after adding hops in the 
form of whole hops, granules or extracts, the wort is cooked 
[57]. Wort brewing causes a significant reduction in the total 
amount of polyphenolic compounds and their activity [36], 
with a loss of 50% [26].

Then the wort undergoes alcoholic fermentation during 
which carbohydrates are converted by yeast into alcohol, 
carbon dioxide and other by-products [76]. In several 
studies, a significantly lower phenol content in beer was 
observed compared to the wort [60, 61], although Pascoe 
et al. [49], noted increased antioxidant activity of beer after 
fermentation. According to Cortese et al. [12], the reduction 
of phenol content can be explained by the fact that most of 
them are absorbed by the yeast added during fermentation. 
It was observed that spent yeast contained a larger amount of 
phenolic compounds compared to the starting yeast, and in 
addition several phenolic compounds derived from hops were 
found in spent yeast but not present in starting yeast.

The last process is wort filtration, which aims to remove 
yeast and turbidity, which also causes a loss in the content 
of phenolic compounds, because they form complexes with 
proteins that cause beer turbidity [49, 60]. The type of filter 
used can also affect the amount of loss [26].

The stability of beer as the final product determines its 
microbiological and colloidal stability, as well as foam and 
taste stability, which can be influenced by the endogenous 
antioxidant activity of beer [75, 68]. On the other hand, 
phenolic compounds undergo changes during beer storage, 
which leads to a decrease in their total content mainly in the 
first month of beer storage [19,49,60,55], and other authors 
observed the largest decrease in phenol content for the first 
3 months of beer storage [38]. Phenolic compounds, which 
are present in barley malt and hops, are therefore present in 
limited quantities in beer as the final product [12].

CONCLUSION	
Beer production is a multi-stage process, during which 

there is undoubtedly significant losses in the amount of 
phenolic compounds that are present in barley malt and hops, 
but in beer as the final product they occur in limited quantities 
[12]. Although the results so far indicate a low content of 
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phenolic compounds in beers compared to wine, this product 
still has antioxidant properties. At the same time, scientists 
are attempting to use new technologies in brewing that can 
improve the antioxidant properties of beer, e.g. brewing 
method assisted by hydrodynamic cavitation, which can be 
used to produce larger amounts, including xanthohumol and 
related prenylflavonoids, which not only contribute to greater 
antioxidant activity, but also have a proven protective effect 
on the cardiovascular system, as well as a risk-reducing effect 
on neurodegenerative diseases and certain types of cancer 
[10]. Another direction of future research may be the analysis 
of the possibilities of increasing the antioxidant properties 
of beer by the addition of various plant materials that are  
a rich source of antioxidants. A promising functional additive 
that does not change the physicochemical parameters of beer 
and significantly increases its antioxidant activity is ethanol 
propolis extract [67], eggplant (Solanum melongena L.) peel 
extract [30], thyme, juniper and lemon balm [20], or the 
addition to beers at the stage of fermentation of various fruits, 
which significantly increased the antioxidant activity of beer 
and quantitatively and qualitatively improved its phenolic 
profile, especially in cherry and grape beer [44].

PODSUMOWANIE
Produkcja piwa jest procesem wieloetapowym, w trakcie 

którego niewątpliwie dochodzi do znacznych strat w ilości 
związków fenolowych, które są obecne w słodzie jęczmien-
nym i chmielu, ale w piwie jako finalnym produkcie wystę-
pują w ograniczonych ilościach [12]. Choć dotychczasowe 

wyniki wskazują na niską zawartość związków fenolowych  
w piwach w porównaniu z winem, to nadal produkt ten cha-
rakteryzuje się właściwościami antyoksydacyjnymi. Jedno-
cześnie naukowcy podejmują próby stosowania nowych tech-
nologii w browarnictwie, które mogą poprawić właściwości 
przeciwutleniające piwa np. metodę warzenia wspomaganą 
kawitacją hydrodynamiczną, dzięki której można wytworzyć 
większe ilości m.in. ksantohumolu i pokrewnych prenylofla-
wonoidów, które nie tylko przyczyniają się do większej ak-
tywności przeciwutleniającej, ale także mają udowodnione 
działanie ochronne na układ sercowo-naczyniowy, a także 
działanie obniżające ryzyko chorób neurodegeneracyjnych 
oraz niektórych rodzajów raka [10]. Innym kierunkiem przy-
szłych badań może być analiza możliwości zwiększania właś-
ciwości antyoksydacyjnych piwa poprzez dodatek różnych 
surowców roślinnych będących bogatym źródłem antyoksy-
dantów. Obiecującym dodatkiem funkcjonalnym nie zmienia-
jącym parametrów fizykochemicznych piwa a istotnie zwięk-
szającym jego aktywność przeciwutleniającą jest etanolowy 
ekstrakt propolisu [67], ekstrakt ze skórki bakłażana [30], ty-
mianku, jałowca i melisy [20] czy dodatek do piw na etapie 
procesu fermentacji różnych owoców co znacznie zwiększyło 
aktywność przeciwutleniającą piwa oraz jakościowo i ilościo-
wo poprawiło jego profil fenolowy, zwłaszcza w piwie wiś-
niowym oraz winogronowym [44].
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