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ABSTRACT 
Brewing water is one of the basic raw materials for beer production and knowledge of its composition and pH is essential 

for the proper conduct of the entire brewing process. In this study, it was observed how the composition of water influences 

OG values, content of B vitamins, organic acids and iso-α-acids. For brewing, synthetic water was prepared by adding 

chemicals to deionized water. Models of hard (pH 8.47 ±0.08) and soft (pH 7.68 ±0.23) synthetic water were used for 

brewing pale bottom-fermented lager beers. Samples of wort, hopped wort, young beer and beer were collected during beer 

production. HPLC-DAD was used for B vitamins and iso-α-bitter acids quantification. Determination of organic acids was 

done by ion chromatography with conductivity detector. Obtained data were statistically processed with ANOVA (Analysis 

of Variance) and interval of confidence was set to 95%. According to the statistical analysis, water composition affects 

analytes content during beer production and in the final product. Hard water seemed to be a better extraction buffer and its 

composition (pH) positively affected some processes during brewing technology. One of them was obtaining higher OG 

values compared to soft water. The beer made from hard water also contained more B vitamins. Composition of brewing 

water had no influence neither on concentration of organic acids nor on iso-α-acids in conditions of homebrewing. 
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INTRODUCTION 
 Beer is composed of about 94% of water, so water 

becomes an essential, but often neglected ingredient in 

beer production (Comrie, 1967). Water has a significant 

effect on the chemical and sensory characteristics of beer. 

Therefore, knowledge of brewing water composition 

(liquor) is important for breweries. 

 However, the water must accomplish certain parameters 

to be used in brewing. The liquor requirements may be 

grouped as „aesthetic“ (colour, turbidity, odour and taste), 

microbiological standards (particularly the absence of 

pathogens), the levels of organic and inorganic materials 

that are in solution and the presence of radioactive 

materials (Briggs et al., 2004). 

 Discussions of brewing water composition often involve 

the total hardness. The total hardness is defined as the sum 

of all alkaline-earth ions (calcium, magnesium, strontium 

and barium ions) (Kadlec, 2002; Eßlinger, 2009). It is 

divided in carbonate and non-carbonate hardness. 

Common counter ions for non-carbonate (permanent) 

hardness are sulfate, nitrate and chloride and these remains 

in solution when the water is boiled (Briggs et al., 2004; 

Eßlinger, 2009). Carbonate or temporary hardness is 

caused chiefly by calcium and magnesium bicarbonates 

and is so-called because if the water is boiled the 

bicarbonate is converted to the carbonate, which 

precipitates leaving the clarified water “softened” (Kadlec, 

2002; Briggs et al., 2004). Soft water contains low 

concentrations of dissolved salts, particularly salts of 

calcium and salts of magnesium. Hard water contains high 

concentrations of salts, usually mainly calcium bicarbonate 

or calcium sulphate. The distinction is important if the 

liquor is to be used for mashing or, even more, for 

sparging (Briggs et al., 2004). Calcium and magnesium 

salts are predominant elements in water (Kadlec, 2002). 

 Other important parameters, which correlate with water 

hardness are pH and ionic strength (Basařová et al., 

2010). Apart from the legal requirements, additional 

quality criteria for brewing water need to be complied 

with, since water ions influence the pH value of mash, 

wort and beer, and thus enzymatic and non-enzymatic 

reactions. Consequently, these have a considerable 

influence on the acidity. Hydrogen carbonate ions count as 

acid destroying since they lead to an increase in the pH 

value. Calcium and magnesium ions are acidity supporting 

and lead to a pH decrease of the mash (Eßlinger, 2009). 

 The dissolved salts are present in water at low 

concentrations, but significantly affect the sensory 

qualities of beer, enzymatic activity during mashing and 

regulate processes during boiling, cooling and 
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fermentation of the wort (Comrie, 1967). For example, 

calcium ions serve several important functions in brewing. 

They stabilize the enzyme α-amylase (approximately  

80 °C and higher temperatures cause inactivation of 

enzyme) during mashing and they interact with phosphate, 

phytate, peptides and proteins in the mash and during the 

copper boil, the pH values of the mash and the wort are 

usefully reduced. Ions in beer can influence its flavour and 

calcium ions in particular influence the mashing process 

(Briggs et al., 2004; Ganbaatar et al., 2015). 

 Water hardness is important in assessing the quality of 

water used for brewing. The composition of water is 

conditioned by the place of occurrence. Historically, 

different regions became famous for particular types of 

beer and in part these beer types were defined by the 

waters available for brewing. One of them is Pilsner water, 

which is well-known as a very soft water with small 

proportion of inorganic compounds. It is suitable for pale 

and delicate lagers. Burton-on-Trent, with its extremely 

hard water, rich in calcium sulphate, is famous for its pale 

ales. Compared to that, Munich is well-known for its dark 

lagers (Rudin, 1976; Basařová et al., 2010; Kábelová-

Ficová et al., 2017). 

 It is now usual for breweries to adjust the composition of 

the brewing water they use (Comrie, 1967; Briggs et al., 

1981; Briggs et al., 2004). However, homebrewers are not 

used to treat brewing water, but if they do, they are often 

limited with availability of technology. Treatments may 

reduce levels of organic compounds in solution or adjust 

the ionic composition of the liquor (Briggs et al., 2004). 

 Sodium chloride may be added to brewing liquors  

(75 – 150 mg.L-1) to enhance “palate-fullness” and  

a certain sweetness. Sometimes potassium chloride is 

added instead, at low concentrations, to achieve a less sour 

flavour (Briggs et al., 2004). 

 The aim of this study is to assess the impact of the 

composition of the brewing water on selected analytes in 

the technology of beer. For experiments, Pilsner type beers 

of soft and hard synthetic water were brewed, and samples 

of wort, hopped wort, young beer and beer were taken 

during production. Subsequently, the samples were 

analysed. HPLC was used for the assay. OG values were 

determined by refractometer and pH values were 

determined by pH meter. The assessment of differences 

between soft and hard water was provided by the statistical 

method of analysis of variance (ANOVA). 

 

Scientific hypothesis 
 Precedent published studies dealt with composition of 

water and its effect on brewing. The aim of this study was 

to find out, whether composition of brewing water 

significantly influences selected analytes during beer 

brewing and in the beer in conditions of homebrewing. 

 

MATERIAL AND METHODOLOGY 
 Pilsner type beers were brewed from soft and hard 

synthetic water and analysed as follows.  

 

Synthetic water preparation and beer production   
 Synthetic water was prepared according to Smith, 

Davison, and Hamilton-Taylor (2002) by adding selected 

compounds to distilled water. Thus, soft and hard model 

water was created. 

 For study of the influence of brewing water on selected 

analytes, beer was made from soft and hard synthetic 

model water in three replicates. These were the pale 

bottom-fermented beers also called lagers. The raw 

materials were pale Pilsner barley malt (Malt house 

Bernard, Rajhrad), Sládek hop pellets with alpha acid 

content of 8.08% and Saflager S-23 yeasts. 

 Milled barley malt was mixed with brewing water at  

38 °C and then an infusion method was chosen for 

mashing process. Evaporated water was compensated with 

distilled water. The values of original gravity (OG) and pH 

were measured in wort after lautering. Then it was 

continued with wort boiling for 90 min. After this process, 

whirlpooling of wort was done. Also the values of OG and 

pH were measured. After that wort was cooled down and 

then it was inoculated and aerated and stored at 14 °C. The 

degree of attenuation was checked by measuring the OG 

value to confirm that yeasts completed fermentation. The 

OG value was in range of 7.0 – 7.3%. Values of OG and 

pH were measured in the samples of young beer. Then 

bottled beer was stored at 7 °C. The secondary 

fermentation and maturing last for three weeks. 

 

Measurement of basic quantitative parameters of 

tested beers 
 The OG values were measured refractometrically  

(A. Krüss Optronic GmbH, Hamburg, Germany). The pH 

of synthetic water was measured with pH meter (WTW, 

Germany). 

 

Determination of B group vitamins by HPLC 

analysis 

 The samples of wort, hopped wort, young beer and beer 

were degassed by sonication (Ultrasonic Compact cleaner 

PS03000A 2.5 L, PowerSonic s r.o.) and then diluted with 

distilled water. All samples were analysed by HPLC-DAD 

(Agilent 1260 Infinity, Agilent Technologies, USA) to 

determine the quantity of B vitamins. Specifically, it was 

focused on riboflavin, niacin, pyridoxine and cobalamin.  

B vitamins were separated on Polar C18 column (150 mm 

x 3.0 mm; particle size 2.6 μm) with set temperature to  

40 °C. The mobile phase consisted of 10 mM ammonium 

formate (Sigma-Aldrich Inc., USA) and 0.1% solution of 

formic acid (solvent A) (Sigma-Aldrich Inc., USA) and 

acetonitrile (Sigma-Aldrich Inc., Germany) and 0.1% 

solution of formic acid (solvent B) (Sigma-Aldrich Inc., 

USA). Gradient elution was used for the analysis. The 

gradient was as follows: 0 min, 100% A; 12 min, 40% A; 

15.10 min, 100% A and then held for another 7 min. The 

samples were detected with DAD detector (260 nm, 270 

nm, 271 nm, 292 nm, 360 nm). The data were collected by 

the Agilent 1260 Infinity chromatographic data system. 

 

Determination of organic acids by IC analysis 
 Ion chromatography (850 Professional IC, Metrohm, 

Switzerland) was used to determine lactic and acetic acid 

in the samples of wort, hopped wort, young beer and beer. 

Each sample was degassed by sonication (Ultrasonic 

Compact cleaner PS03000A 2.5 L, PowerSonic s r.o.) for 

20 minutes. Then the samples were filtrated using filters 
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with 0.45 μm pore size (Labicom, Czech Republic) and 

diluted with distilled water in proportion 1:1. 

 Organic acids were separated on Metrosep Organic Acids 

column (250 mm x 7.8 mm; particle size 9 μm) with 

temperature set to 30 °C. The mobile phase was 0.5 mmol 

perchloric acid (Sigma-Aldrich Inc., USA). Isocratic 

elution was used and the flow of mobile phase was  

0.6 mL.min-1. The analytes were detected with 

conductivity detector. 

 

Analysis of hop bitter acids 
Extraction of iso-α-acids 

 Degassed samples of hopped wort, young beer and beer 

(10 mL) were transferred into a 50 mL centrifuge tube, 

then sample was acidified with orthophosphoric acid  

(0.5 mL) (Lach-Ner, s.r.o., Czech Republic). The mixture 

was extracted into isooctane (10 mL) (Sigma-Aldrich Inc., 

USA). Mixture was vortexed for 1 minute and methanol  

(1 mL) (Sigma-Aldrich Inc., USA) was added. Thereafter, 

the two-layered solution was centrifuged for 5 minutes at 

2,000 rpm (Z 36 HK, HERMLE Labortechnik GmbH). 

Then 4 mL of supernatant was collected into a glass tube, 

evaporated under N2 gas and redissolved in methanol  

(2 mL) (Sigma-Aldrich Inc., USA) to give the HPLC 

sample. 

 

Determination of iso-α-acids by HPLC analysis 

 After filtration (filters with 0.45 μm pore size) (Labicom, 

Czech Republic), samples were subjected to quantitative 

HPLC analysis (Agilent 1260 Infinity, Agilent 

Technologies, USA). Iso-α-acid content (isohumulone, 

isocohumulone and isoadhumulone) in the samples were 

measured simultaneously using ICS-I4 as a calibration 

standard (Labor Veritas AG, Switzerland). Iso-α-acids 

were separated on Poroshell 120 EC – C18 column  

(4.6 mm x 50 mm; particle size 2.7 μm) with temperature 

set to 40 °C. Isocratic elution was chosen. The mobile 

phase consisted of 0.1% solution of H3PO4 (Sigma-Aldrich 

Inc., Germany) and 0.2 mM Na2EDTA (solvent A) 

(Sigma-Aldrich Inc., France) and acetonitrile (solvent B) 

(Sigma-Aldrich Inc., Germany) in proportion A:B = 35:65. 

Flow of mobile phase was 1 mL.min-1. The analytes were 

detected with DAD detector (270 nm). The data were 

collected by the Agilent 1260 Infinity chromatographic 

data system. 

 

Statistic analysis 
 Data analysis and statistical evaluation was carried out by 

software XLSTAT (Addinsoft, USA). Influence of the 

brewing water on the selected parameters of beer was 

evaluated by Analysis of Variance (ANOVA). ANOVA 

was set to a confidence interval of 95%. 

 

RESULTS AND DISCUSSION 

Selected quantitative beer indicators 

 First, the pH of prepared synthetic model water was 

measured. The average pH value of soft water was  

7.68 ±0.23, the average pH value of hard water was  

8.47 ±0.08. Compared to theoretical pH, the measured 

values were lower. The theoretical model of soft water pH 

was 7.83 and 8.49 hard water (Smith, Davison and 

Hamilton-Taylor, 2002). 

 Figure 1 shows difference between pH of soft and hard 

water during mashing. During mashing, the pH decreases 

due to malt enzymes activity, which releases phosphates 

from nucleic acids. In the process of wort boiling, the wort 

acidity is increased by precipitation of phosphates in the 

presence of calcium and magnesium ions. Hop bitter acids 

and Maillard reaction products further contribute to pH 

reduction. When fermenting, the pH declines by the 

activity of yeasts that consume amino acids and produce 

organic acids. The pH also changes because of presence of 

the carbon dioxide, which dissolves in the solution 

(Basařová et al., 2010). 

 OG (original wort extract) and ABV (Alcohol by 

Volume) were selected as the basic quantitative indicators 

for beer brewing. The extract of the original wort was used 

to express the total carbohydrate content presented in the 

medium. Differences in beers brewed from different kind 

of synthetic water were observed. Both, original gravity 

and concentration of alcohol were statistically different. 

The mean value of wort OG prepared by using soft water 

was 12.6 ±0.1%, while wort OG of hard water was  

13.05 ±0.05% (see Figure 2). Higher yields in hard water 

are probably due to higher amounts of Mg2+ and Ca2+ ions, 

which stabilize α-amylases and increase its activity 

(Karbassi and Saboury, 2000; Saboury, Ghasemi and 

Umar Dahot, 2005). After wort boiling, the OG slightly 

increased, probably due to the extraction of chemical 

compounds in hop. A large decline occurred during 

fermentation when yeasts utilized carbohydrates. A small 

drop occurred during secondary fermentation and maturing 

in bottles because yeasts largely depleted the substrate and 

was no longer as vital as at the beginning. The process of 

fermentation of all samples is shown in Figure 3. As the 

yeast assimilated the substrate, the OG also declined and 

the ethanol concentration in the medium grew as expected. 

Complete fermentation of experimental beers took  

70 hours. 

 

Quantification of selected B vitamins 
 Determination of B2 (riboflavin), B3 (niacin), B6 

(pyridoxine), B12 (cyanocobalamin) vitamins were done 

to assess the influence of the two different kind of 

experimental brewing waters on content of B vitamins. 

The concentration of the last two mentioned vitamins was 

below the detection limit in all samples. The results of the 

analysis of the determined B vitamins are shown in Table 

1 and Table 2. 

 Statistically significant differences between hard and soft 

water were found in wort (p = 0.0007, F = 92.214). Hard 

water seemed to be a better extraction agent due to 

different pH and ionic strength. Content of B3 vitamin 

changed during the brewing. In the presence of yeast, the 

level of B3 vitamin declined rapidly as yeast used vitamin 

in the wort in biochemical processes and nicotinic acid 

synthesis did not occur (Basařová et al., 2010). Relatively 

small, but significant difference in concentration of  

B3 vitamin was found in the final product (p = 0.0448,  

F = 8.3243). A slightly higher average concentration of 

vitamin B3 was determined in beer from hard water. This 

phenomenon is probably caused by releasing cell content 

during yeast autolysis. 
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Figure 1 Changes of synthetic water pH during beer production. 

 

 
Figure 2 Changes of OG in individual phases of beer production. 

 

 
Figure 3 OG and ABV changes during primary fermentation. 
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Table 1 Quantification of B3 vitamin (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 31.68 30.07 33.18 
0.0007 92.2144 

Hard 40.85 40.25 41.36 

Hopped wort Soft 36.13 32.92 41.56 
0.0674 6.2091 

Hard 43.05 42.14 43.97 

Young beer Soft 8.97 6.70 10.59 
0.7838 0.0861 

Hard 9.34 8.54 10.11 

Beer Soft 8.99 7.97 10.02 
0.0448 8.3243 

Hard 10.97 10.47 11.63 

Note: * All samples were made in triplicates. 

 

Table 2 Quantification of B2 vitamin (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 0.90 0.84 0.93 
0.0385 9.2210 

Hard 1.00 0.96 1.01 

Hopped wort Soft 1.09 0.97 1.18 
0.5513 0.4221 

Hard 1.14 1.11 1.16 

Young beer Soft 0.29 0.27 0.33 
0.0008 83.2461 

Hard 0.57 0.53 0.62 

Beer Soft 0.77 0.70 0.90 
0.3008 1.4099 

Hard 1.02 0.62 1.25 

Note: * All samples were made in triplicates. 

 

Table 3 Quantification of acetic acid (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 34.00 33.64 34.18 
0.7063 0.1640 

Hard 34.21 33.26 34.87 

Hopped wort Soft 34.92 33.83 35.87 
0.0998 4.5510 

Hard 36.51 35.61 37.02 

Young beer Soft 87.91 86.40 89.94 
0.0786 5.5162 

Hard 111.25 93.26 127.32 

Beer Soft 122.42 105.56 143.49 
0.5623 0.3982 

Hard 115.28 112.72 118.97 

Note: * All samples were made in triplicates. 

 

Table 4 Quantification of lactic acid (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 94.49 93.35 95.95 
0.6203 0.2874 

Hard 93.87 92.55 95.48 

Hopped wort Soft 94.74 93.86 95.92 
0.1181 3.9418 

Hard 98.04 95.33 100.67 

Young beer Soft 225.55 179.34 271.00 
0.0988 4.5894 

Hard 287.48 266.54 306.74 

Beer Soft 300.06 299.22 304.71 
0.1020 4.4690 

Hard 298.37 288.99 299.44 

Note: * All samples were made in triplicates. 
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 Usual content of niacin in beer is around 5 mg.L-1 

(Basařová et al., 2010). The measured values are higher in 

comparison with the literature, approximately  

8 – 12 mg.L-1. High vitamin content can be caused by no 

further treatment after beer bottling, unlike commercial 

beers, which are filtered and often pasteurized. 

 Very similar trend was observed for B2 vitamin. 

Statistically significant differences were found in wort 

(p = 0.0385, F = 9.2210) and young beer (p = 0.0008, 

F = 83.2461) (shown in Table 2). Riboflavin was better 

extracted from barley malt during mashing in hard brewing 

water than in soft. This could be due to different pH of the 

water. Riboflavin is a thermostable vitamin, there were 

observed no loss of the vitamin in the process of wort 

boiling. During fermentation there was a certain decrease 

in vitamin content because riboflavin participates in many 

biochemical processes (Hucker, Wakeling, Vriesekoop, 

2016). The greatest difference was observed in soft water. 

In hard water, to thereby prevent high losses probably 

because riboflavin form stable complexes with Zn2+, Ni2+, 

Co2+, Cu2+, Ca2+, Mg2+ (Sheraz et al., 2014). In beer, the 

vitamin concentration was probably increased by the 

release of yeast autolysis (Hucker, Wakeling, 

Vriesekoop, 2011). 

 Usual content of riboflavin in beer is approximately  

0.25 mg.L-1 (Olšovská, Jurková and Čejka, 2012). When 

comparing the values and literature the B2 vitamin 

concentration is several times higher – 0.6 to 1.2 mg.L-1. 

Again, it is probably the reason for omitting post 

fermentation adjustments. 

Quantification of organic acids 
 Determination of organic acids was done to assess the 

influence of soft and hard experimental brewing waters. 

Retention time of lactic acid was 11.17 min, acetic acid 

14.22 min. The results are shown in Table 3 and Table 4. 

 The results have shown that there are no statistically 

significant differences in content of acetic acid in beer 

made from soft and hard brewing water (Table 3).  

 The content of acetic acid increases rapidly during 

fermentation (South, 1996). The greatest changes between 

samples made from soft and hard brewing water were 

found in young beer, though Analysis of Variance did not 

prove statistically significant differences. This difference 

was probably due to a divergent ratio of minerals in hard 

and soft brewing water, which can either positively or 

negatively affects the level of organic acid synthesis. 

 Concentration of acetic acid in beer brewed from soft and 

hard brewing water varied from 106 to 144 mg.L-1, 

whereas Vontrobová et al. (2017); Coote and Kirsop 

(1974); Walker (1998); Zhang, Jia and Zhang, (2012) 

indicate values ranging from 30 to 200 mg.L-1. 

 Lactic acid consists of two isomers. D-lactate, which 

comes from malt and the content may vary during 

mashing, and L-lactate, which indicates bacterial activity. 

The D and L isomers of this acid have been reported in 

wort and beer on a number of occasions (Coote and 

Kirsop, 1974). Lactate was excreted throughout the period 

of sugar utilization (Coote and Kirsop, 1974; Whiting, 

1976). 

Table 5 Quantification of isocohumulone (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 1.04 0.93 1.14 
0.5836 0.3545 

Hard 1.07 1.05 1.10 

Hopped wort Soft 0.57 0.45 0.75 
0.6376 0.2590 

Hard 0.62 0.54 0.67 

Young beer Soft 0.40 0.26 0.64 
0.5619 0.3991 

Hard 0.49 0.35 0.59 

Note: * All samples were made in triplicates. 

 

Table 6 Quantification of isohumulone (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 2.23 1.97 2.49 
0.7584 0.1085 

Hard 2.29 2.15 2.41 

Hopped wort Soft 0.74 0.42 1.13 
0.9758 0.001 

Hard 0.75 0.52 0.94 

Young beer Soft 0.50 0.31 0.76 
0.7393 0.1273 

Hard 0.57 0.34 0.79 

Note: * All samples were made in triplicates. 

 

Table 7 Quantification of isoadhumulone (Fkrit = 7.71). 

Type of sample Type of water Mean (mg.L-1) Min (mg.L-1) Max (mg.L-1) p F 

Wort Soft 44.63 39.83 50.44 
0.8564 0.0372 

Hard 45.26 43.22 46.96 

Hopped wort Soft 17.68 11.26 25.55 
0.9472 0.0050 

Hard 17.35 13.33 20.68 

Young beer Soft 10.36 6.02 17.15 
0.5314 0.4681 

Hard 13.25 8.59 16.90 

Note: * All samples were made in triplicates. 
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 The results of determination of lactic acid are shown in 

Table 4. The difference in composition of brewing water 

had no influence on content of lactic acid. During wort 

boiling, it was observed no decline of acid, concentration 

slightly increased in hard brewing water. It could be 

possibly related with extraction of organic acids from 

hops. High production of acid occurred during 

fermentation. Higher amounts of lactic acid were obtained 

in young beer made from hard brewing water (p = 0.098 8, 

F = 4.589 4). On the contrary, higher concentration was 

determined in beer prepared from soft water (p = 0.102 0, 

F = 4.469 0), while the concentration in beer made from 

hard water remained the same. 

 Experimental beers content high amounts of lactic acid, 

the concentration was ranging between 289 – 305 mg.L-1. 

(Coote and Kirsop, 1974; Whiting, 1976) present big 

range of lactic acid concentration in beer. Specifically, this 

span varies from 37 to 233 mg.L-1 in lagers, ales  

44 – 276 mg.L-1 and dark strong beers 276 – 292 mg.L-1. 

 Lactic acid bacteria (LAB) may be the reason of high 

concentrations of lactic acid. They may proliferate in wort, 

hopped wort and even during fermentation. They survive 

in pH 4 – 7. Optimal growth temperature is 20 – 30 °C, but 

psychrophilic strains occur, which may grow in conditions 

of low temperatures during fermentation and maturing of 

beer (Basařová et al., 2010). 

 

Quantification of iso-alpha-acid 
 The results of iso-α-acids analysis are in Table 5, Table 6 

and in Table 7. The retention time of isocohumulone was 

7.481 min, isohumulone 9.610 min and isoadhumulone 

10.256 min. 

 Impact of brewing water composition was studied on the 

most represented analogues of iso-α-acids – isohumulone, 

isocohumulone and isoadhumulone. Analysis of variance 

did not prove statistically significant differences neither in 

soft nor hard brewing water. Isomers of α-acids are 

unstable and during beer production its concentration 

declined rapidly. Of the total amount of bitter compounds 

30% at most will end in beer, whereas approximately 20% 

remains in the spent hops, 20 – 30% is captured in waste 

and 20 – 30% is captured in the head of foam on the top of 

the fermentation. Isomerization is also affected by time of 

wort boiling and OG value (Basařová et al., 2010). 

 

CONCLUSION 
In conclusion, brewing water significantly influences 

some selected parameters. In the final product – beer – it 

was found out that hard brewing water is better for higher 

yields of OG values (OG value equals 13.05 ±0.05%) than 

soft water (OG value 12.6 ±0.1%). 

Brewing water also affected the content of riboflavin and 

niacin. Statistically significant difference in concentration 

of B3 vitamin appeared between hard and soft water in 

wort (p = 0.0007, F = 92.214) because hard water was  

a better extraction agent due to different pH and ionic 

strength. Another significant difference in concentration of 

B3 vitamin was found in the stabilized beer (p = 0.0448, 

F = 8.3243). A higher concentration of B3 vitamin was 

determined in beer from hard water. It is probably caused 

by yeast autolysis when the cell content is released into 

solution. Very similar trend was observed for B2 vitamin. 

Statistically significant differences were found in wort 

(p = 0.0385, F = 9.2210) and young beer (p = 0.0008, 

F = 83.2461). 

 Unlike statistical analysis did not prove an effect on 

content of organic acids or iso-α-acids. 

 

REFERENCES 
Basařová, G., Šavel, J., Basař, P., Lejsek, T.. 2010. 

Pivovarství: teorie a praxe výroby piva (Brewing: theory and 
practice of beer procudtion). 1st ed. Prague, Czech Republic : 

Publisher VŠCHT, 904 p. (In Czech). ISBN: 978-80-7080-

734-7. 
Briggs, D. E., Boulton, C. A., Brookes, P. A., Stevens, R. 

2004. Brewing: Science and practice. England : Woodhead 

Publishing, 900 p. ISBN: 9781855734906. 
https://doi.org/10.1533/9781855739062  

Briggs, D. E., Stevens, R., Young, T. W., Hough, J. S. 1981. 

Malting and brewing science. 2nd ed. New York, USA : 

Chapman and Hall, 194 p. ISBN: 978-0-412-16580-1. 
Comrie, A. A. D. 1967. Brewing liquor. Journal of the 

institute of brewing, vol. 73, no. 4, p. 335-346. 

https://doi.org/10.1002/j.2050-0416.1967.tb03050.x  
Coote, N., Kirsop, B. H. 1974. The content of some organic 

acids in beer and other fermented media. Journal of the 

Institute of Brewing, vol. 80, no. 5, p. 474-483. 
https://doi.org/10.1002/j.2050-0416.1974.tb06797.x  

Eßlinger, H. M. 2009. Handbook of Brewing: Processes, 

Technology, Markets. 2nd ed. Weinheim, Germany : Wiley, 

746 p. ISBN: 978-3-527-31674-8. 
Ganbaatar, C., Kubáň, V., Kráčmar, S., Valášek, P., Fišera, 

M., Hoza, I. 2015. Liquid chromatographic determination of 

polyphenols in Czech beers during brewing proces. 
Potravinarstvo Slovak Journal of Food Sciences, vol. 9, no. 1, 

p. 24-30. https://doi.org/10.5219/421  

Hucker, B., Wakeling, L., Vriesekoop, F. 2011. The 
Quantitative Analysis of Thiamin and Riboflavin and Their 

Respective Vitamers in Fermented Alcoholic Beverages. 

Journal of Agricultural and Food Chemistry, vol. 59, no. 23, 

p. 12278-12285. https://doi.org/10.1021/jf202647x  
Hucker, B., Wakeling, L., Vriesekoop, F. 2016. Vitamins in 

brewing: presence and influence of thiamine and riboflavin on 

wort fermentation. Journal of the Institute of Brewing, vol. 
122, no. 1, p. 126-137. https://doi.org/10.1002/jib.293  

Kábelová-Ficová, H., Kráčmar, S., Gregor, T., Fišera, M., 

Golian, J., Kubáň, V., Šopík, T. 2017. Preparation of malts for 
production of special beers. Potravinarstvo Slovak Journal of 

Food Sciences, vol. 11, no. 1, p. 441-445. 

https://doi.org/10.5219/773  
Kadlec, P. 2002. Technologie potravin II (Food Technology 

II), Praha : Vydavatelství VŠCHT, 236 p. (In Czech). ISBN: 

80-7080-510-2. 

Karbassi, F., Saboury, A. A. 2000. Thermodynamic studies 
on the interaction of calcium ions with alpha-amylase. 

Thermochimica Acta, vol. 362, no. 1-2, p. 121-129. 

https://doi.org/10.1016/S0040-6031(00)00579-7  
Olšovská, J., Jurková, M., Čejka, P. 2012. Nové trendy v 

kapalinové chromatografii a jejich využití v analýze piva a 

pivovarských surovin: Část 2. Stanovení cis/trans- izomerů 
iso-α-hořkých kyselin v pivu metodou ultraúčinné kapalinové 

chromatografie (New Trends in Liquid Chromatography and 

their Application in Beer and Brewery Raw Materials 

Analysis: Part 2). Determination of cis/trans-isomers of iso-α–
bitter acids in beer by ultra-efficient liquid chromatography (). 

Kvasný průmysl, vol. 58, no. 4, p. 94-99. (In Czech) 

https://doi.org/10.18832/kp2012010  

https://doi.org/10.1533/9781855739062
https://doi.org/10.1002/j.2050-0416.1967.tb03050.x
https://doi.org/10.1002/j.2050-0416.1974.tb06797.x
https://doi.org/10.5219/421
https://doi.org/10.1021/jf202647x
https://doi.org/10.1002/jib.293
https://doi.org/10.5219/773
https://doi.org/10.1016/S0040-6031(00)00579-7
https://doi.org/10.18832/kp2012010


Potravinarstvo Slovak Journal of Food Sciences 

Volume 13 514  No. 1/2019 

Rudin, A. D. 1976. Brewing liquor and beer quality. 

Brewers' Guard, vol. 105, no. 12, p. 30. 

Saboury, A. A., Ghasemi, S., Umar Dahot, M. 2005. 
Thermodynamic study of magnesium ion binding to alpha 

amylase. Indian Journal of Biochemistry & Biophysics, vol. 

42, no. 5, p. 326-329. Available at: 

http://nopr.niscair.res.in/bitstream/123456789/3533/1/IJB

B%2042(5)%20326-329.pdf 
Sheraz, M. A., Hafeez Kazi, S., Ahmed, S., Anwar, Z., 

Ahmad, I. 2014. Photo, thermal and chemical degradation of 

riboflavin. Beilstein Journal of Organic Chemistry, vol. 10, 

no. 4, p. 1999-2012. https://doi.org/10.3762/bjoc.10.208  
Smith, E. J., Davison, W., Hamilton-Taylor, J. 2002. 

Methods for preparing synthetic freshwaters. Water Research, 

vol. 36, no. 5, p. 1286-1296. https://doi.org/10.1016/S0043-
1354(01)00341-4  

South, J. B. 1996. Changes in organic acid levels during 

malting. Journal of the Institute of Brewing, vol. 102, no. 5, p. 

161-166. https://doi.org/10.1002/j.2050-0416.1996.tb00904.x  
Vontrobová, E., Kopecká, J., Rotková, G., Matoulková, D. 

2017. Factors Influencing the Production of Sensory Active 

Substances in Brewer's and Wine Yeast. Kvasný Průmysl, vol. 
63, no. 4, p. 173-189. https://doi.org/10.18832/kp201720  

Walker, G. M. 1998. Yeast physiology and biotechnology. 

2nd ed. New York : Wiley, 362 p. ISBN: 978-0-471-96446-9. 
Whiting, G. C. 1976. Organic acid metabolism of yeasts 

during fermentation of alcoholic beverages. Journal of the 

Institute of Brewing, vol. 82, no. 2, p. 84-92. 
https://doi.org/10.1002/j.2050-0416.1976.tb03731.x  

Zhang, Y., Jia, S., Zhang W. 2012. Predicting acetic acid 

content in the final beer using neural networks and support 

vector machine. Journal of the Institute of Brewing, vol. 118, 
no. 4, p. 361-367. https://doi.org/10.1002/jib.50  
 

 

Acknowledgments: 
This work was financially supported by the project: 

Materials Research Centre at FCH BUT Sustainability and 

Development, REG LO1211, with financial support from the 
National Programme for Sustainability I and FCH-S-18-5334 

(Ministry of Education, Youth and Sports). 

 

Contact address: 

 *Lenka Punčochářová, Brno University of Technology, 

Faculty of Chemistry, Department of Food Chemistry and 

Biotechnologies, Purkynova 118, 612 00 Brno, Czech 

Republic, Tel.: +420732703682,  

E-mail: xcpuncocharoval@fch.vut.cz  

ORCID: https://orcid.org/0000-0002-0468-6519  

 Jaromír Pořízka, Brno University of Technology, Faculty 

of Chemistry, Department of Food Chemistry and 

Biotechnologies & Materials research centre, Purkynova 

118, 612 00 Brno, Czech Republic, Tel.: +420541149320, 

E-mail: porizka@fch.vut.cz  

ORCID: https://orcid.org/0000-0002-2742-8053  

 Pavel Diviš, Brno University of Technology, Faculty of 

Chemistry, Department of Food Chemistry and 

Biotechnologies & Materials research centre, Purkynova 

118, 612 00 Brno, Czech Republic, Tel.: +420541149454, 

E-mail: divis@fch.vut.cz  

ORCID: https://orcid.org/0000-0001-6809-0506  

 Václav Štursa, Brno University of Technology, Faculty 

of Chemistry, Department of Food Chemistry and 

Biotechnologies, Purkynova 118, 612 00 Brno, Czech 

Republic, Tel.: +420541149425, E-mail: 

xcstursa@fch.vut.cz  

 

Corresponding author: * 

 

https://doi.org/10.3762/bjoc.10.208
https://doi.org/10.1016/S0043-1354(01)00341-4
https://doi.org/10.1016/S0043-1354(01)00341-4
https://doi.org/10.1002/j.2050-0416.1996.tb00904.x
https://doi.org/10.18832/kp201720
https://doi.org/10.1002/j.2050-0416.1976.tb03731.x
https://doi.org/10.1002/jib.50
mailto:xcpuncocharoval@fch.vut.cz
https://orcid.org/0000-0002-0468-6519
mailto:porizka@fch.vut.cz
https://orcid.org/0000-0002-2742-8053
mailto:divis@fch.vut.cz
https://orcid.org/0000-0001-6809-0506
mailto:xcstursa@fch.vut.cz

	ABSTRACT
	Introduction
	Scientific hypothesis

	MATERIAL AND METHODOLOGY
	Synthetic water preparation and beer production
	Measurement of basic quantitative parameters of tested beers
	Determination of B group vitamins by HPLC analysis
	Determination of organic acids by IC analysis
	Analysis of hop bitter acids
	Extraction of iso-α-acids
	Determination of iso-α-acids by HPLC analysis

	Statistic analysis

	RESULTS AND DISCUSSION
	Selected quantitative beer indicators
	Quantification of selected B vitamins
	Quantification of organic acids
	Quantification of iso-alpha-acid

	CONCLUSION
	referenceS

