Theses of doctoral (PhD) dissertation

EFFECTS OF DIFFERENT MATERIALS OF
PLANT ORIGIN ON THE QUALITY
PARAMETERS OF BEER

Written by: Lorand Alexa

Supervisor: Dr. Nikolett Czipa, associate professor

UNIVERSITY OF DEBRECEN

Kerpely Kalman Doctoral School

Debrecen, 2023.



1. Background and objectives of the doctoral dissertation

Beer is an extremely popular alcoholic beverage worldwide, its consumption is significant
even in such countries that do not have a long history and tradition of the craft of brewing
(ALCAZAR et al., 2002). Based on the data collected in 2019, the Czech Republic is at
the top of the European list of annual beer consumption with an intake of 141 L/capita.
Although Hungary occupied the 19th place at the same list, its 64 L/capita/year
consumption is also considerable (STATISTA, 2021.06.08.). The changing consumption
patterns causes structural changes in numerous countries. The most important goal of the
Craft Beer Campaign of the 1980’s was to reinvent the standard, featureless beer market
developed after the prohibition in the USA, which has also reached Hungary three
decades later, due to the amendment of the tax laws in 2012, that enabled citizens to
perform brewery with a volume lower than 1000 litres (MAGYAR KOZTARSASAG,
2011). Craft beers may be appealing to consumers who would prefer complex, novel taste
instead of the common mainstream beverages (JAEGER et al., 2020). The most important
criteria relating to craft beers is that they must be prepared by traditional technologies in
a facility with low production capacity (ELZINGA et al., 2015). The development of new
tastes and properties is an easier task for small facilities, since they can freely experiment
with new primary ingredients, flavourings, technologies due to their low production
volume (DONADINI - PORRETTA, 2017).

The application and combination of different ingredients and technologies might modify
the quality and nutritional parameters of these beverages. The aim of my study was to
find correlations between the quality parameters and the composition of beers prepared
by the application of different raw materials, therefore, to explore the concentrations of
different compounds with health benefits (polyphenols, flavonoids, vitamins, minerals)
in beers containing additional materials of plant origin. For this purpose, | have carried
out the analysis of commercial beers. Most of the samples were traditional pale and dark
beers and wheat beers, but | have also measured the parameters of some ale beers,
flavoured beers and mixed beer beverages. The measurements were carried out in the
Institute of Food Science, Faculty of Agricultural and Food Sciences and Environmental
Management, University of Debrecen. The analysis included the determination of total

phenolic content (TPC), flavonoid content, colour, total acidity and mineral content.



Then, I have prepared my own samples by using a micro-brewery system available in the
Institute. After creating a few base recipes, | have investigated the effect of different
products of plant origin on the quality parameters of the samples. | have mostly prepared
pale ale beers with additional plant-origin products, such as fruit juices and chocolate,
which were added to the beer at different steps of the production in different
concentrations. Total phenolic content, flavonoid content, vitamin C content, colour, total
acidity, bitterness and mineral content of the above-mentioned samples were determined.
After the measurements, the statistical analysis of the created data was also carried out to
determine whether there are statistically verified differences between the parameters of
the samples or not, and whether these samples could be differentiated based on the test

results or not.

2. Material and methods

Production and analysis of the samples were carried out in the Institute of Food Science,
Faculty of Agricultural and Food Sciences and Environmental Management, University
of Debrecen. Commercial beers were collected from supermarkets in Debrecen, and
included 30 pale beers, 10 dark beers, 11 pale wheat beers, 2 dark wheat beers, 8 ale beers
(IPA, APA, stout), 8 flavoured beers and 5 mixed beer beverages. Malts, hops, yeasts and
other materials and equipment required for the brewing were purchased in a Budapest-
based brewing specialty shop. The additional materials were mostly collected in local
markets right before the brewing process. The applied materials and the technological
parameters of the base recipes are shown in Table 1; and the flowchart of the production
of these samples are demonstrated by Figure 1.



Table 1.: Description of the base recipes

Raw materials and parameters Flivoured Oat beers Stout
eers beers
Type Pale ale Oat Pale ale
Malt 1. Weight (kg) 4 5 1
Type Wheat - Maris Otter
Malt 2. Weight (ko) 0.5 : 3
Type Caramel - Cara-crystal
Malt 3. Weight (kg) 0.2 i 0.6
Type - - Chocolate
Malt 4. Weight (kg) : : 0.25
Surrogate Type - - Oat flakes
1. Weight (kg) - - 0.8
Surrogate Type - - Roasted barley
2. Weight (kg) - - 0.25
Mashing water (L) 15 18 15
Protease = Temperature (°C) 50 50 52
step Time (min) 20 30 30
a-amylase  Temperature (°C) 67 65 69
step Time (min) 75 60 120
p-amylase Temperature (°C) - 75 74
step Time (min) - 15 20
Leaching water (L) 11 10 10
Hop boiling (min) 60 60 80
Type Citra Magnum Fuggles
Alpha-acid (%) 13 14.5 5.2
Hop 1. Weight (g) 40 10 55
Time (min) 60 60 35
Type Citra Cascade -
Alpha-acid (%) 13 6.8 -
Hop 2. Weight (q) 10 20 3
Time (min) 10 30 -
Type - Saaz -
Alpha-acid (%) - 3.6 -
Hop 3. Weight (g) : 10 :
Time (min) - 5 -
Yeast type Fermentis S-05 Fermentis S-04 Fermentis S-04
Fermen-  Temperature (°C) 20 18 18
tation Time (days) 14 14 14

Source: Own editing



The application of alternative primary ingredients, surrogates and flavourings was carried

out as follows:

e Flavoured beers: Fruits were collected on the day of the brewing process from
local markets, their juice was extracted by single pressing. The addition of the
juices happened in three different ways.

Type 1.: Juices were added before the fermentation process, with the volume of
7.5% of the total fermentation volume (1725 ml in 23 L). Henceforward: Fruity
ales.

Type 2.: Fermentation was carried out without containing any fruit juice. Juices
were added to the samples before bottling with different volumes: proportion of
the juice was 2.5% (12.5 ml), 5% (25 ml) or 7.5% (37.5 ml) of the bottling volume
(500 ml). Henceforward: Simple fruity ales.

Type 3.: Combining the two above-mentioned methods, | have added extra
quantities of fruit juices to the fruity ale samples with the previously described
proportions (2.5; 5 and 7.5%), therefore the samples prepared by fermentation
with the juices was enriched again before bottling. Henceforward: Double fruity
ales.

e Oat beers: Table 1. contains the materials used for the production of the sample
containing oat malt only. Besides a control sample, which contained only barley
malt instead of oat malt, |1 have prepared two more samples with this recipe. In
these cases, rice or corn flakes were added for the whole mashing process,
substituting 2.5 kg of the oat malt.

e Stout beers: Four different flavoured stouts were prepared: milk chocolate, dark
chocolate, white chocolate and coffee stout. 200 g of the flavouring product was
added to each batch for the last 10 minutes of the hop boiling process. Before the
addition, the chocolates and the coffee were crushed. Coffee beans were just

soaked in the hot wort in a mashing bag.
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2.1.  Analytical methods

Before the analysis, solid samples must be ground and homogenized. Beer samples were
degassed by using an ultrasonic water bath (Bandelin Sonorex Digital DT 255H,
Germany), then filtered through folded filter paper (Munktell Ahlstrom, grade: 292,
Helsinki, Finland).

2.1.1. Determination of Total Polyphenol Content (TPC)

The principle of the method is that phosphotungstic and phosphomolybdic acid found in
Folin-Ciocalteu reagent oxidize phenolic compounds, resulting in a blue-coloured
solution. Colour intensity is proportionate to the concentration of phenolic compounds,
therefore the absorbance of the mixtures is measured by spectrophotometer (Evolution
300 LC, Thermo Electron Corporation, England) at a wavelength of 760 nm, against the
mixture of methanol and distilled water (80:20).

To prepare the calibration solutions, a gallic acid stock solution is used. Applied
chemicals: 3,4,5-trinydroxybenzoic acid (Alfa Aesar GmbH & Co. KG, Karlsruhe,
Germany), sodium carbonate (Sigma-Aldrich Chemie GmbH, Germany), methanol
(Scharlab S.L., Spain), Folin-Ciocalteu reagent (VWR International S.A.S., France).
Results were expressed in mg GAE/100 g (or ml) (mg gallic acid equivalent/100 Q)
(SINGLETON et al., 1999).

2.1.2. Determination of flavonoid content

The determination of flavonoid content was also carried out by a spectrophotometric
method. Absorbance of the rose-coloured complex created during the analysis was
measured at a wavelength of 510 nm by spectrophotometer (Evolution 300 LC, Thermo
Electron Corporation, England) against a blank solution. To prepare the calibration
solutions, a catechin stock solution was used. Applied chemicals: catechin (Cayman
Chemical Company, USA), aluminium chloride (Scharlab S.L., Spain), sodium nitrite
(Scharlau Chemie S.A., Spain), sodium hydroxide (Sigma-Aldrich Chemie GmbH,
Germany), methanol (Scharlab S.L., Spain). Results were expressed in mg CE/100 g (or
ml) (mg catechin equivalent/100 g) (ZHISHEN et al., 1999).

2.1.3. Determination of vitamin C content

The principle of the metaphosphoric acid method is that potassium iodate releases iodine

from potassium iodide, which reacts with ascorbic acid.



After all the ascorbic acid is consumed, the released iodine infiltrates the helix of starch,
resulting in a blue colour change. The volume of the potassium iodate consumed during
the titration is proportionate to the ascorbic acid content. Applied chemicals:
metaphosphoric acid (Thermo Fischer GmbH, Germany), potassium iodide (Sigma-
Aldrich Chemie GmbH, Germany), hydrochloric acid (VWR International S.A.S.,
France), starch indicator (VWR International S.A.S., France), potassium iodate (Sigma-
Aldrich Chemie GmbH, Germany). Results were expressed in mg/100 g or mg/100 ml
(CZIPA, 2014).

2.1.4. Determination of beer’s colour

To determine the colour of beer samples, the previously degassed samples were poured
into cuvettes, and the absorbance was measured at a wavelength of 430 nm by
spectrophotometer (Evolution 300 LC, Thermo Electron Corporation, England), against
distilled water. Results were expressed in EBC (EBC = A4z * 19,7) (CZIPA, 2014).

2.1.5. Determination of acid content of fruit juices

20 ml of the juice was poured into an erlenmeyer flask, which was diluted to 150 ml with
distilled water, then taken to a water bath at 85-95 °C for 30 min. After the sample had
cooled down to room temperature, it was filtered through cotton wool into a 250 ml
volumetric flask, then volumed up with distilled water. Taking 25 ml of the solution and
diluting it to 100 ml, it was titrated by 0.1 M NaOH solution in the presence of
phenolphthalein indicator until the pink colour appeared. Results were expressed in %
(CZIPA, 2014).

2.1.6. Determination of beer’s total acidity

Beer samples were degassed and diluted with boiled distilled water, then they were
titrated by sodium hydroxide (Sigma-Aldrich Chemie GmbH, Germany) in the presence
of phenolphthalein indicator (Scharlab S.L., Spain). Results were expressed in %lactic
acid (AOAC 950.07, 1995).

2.1.7. Determination of beer’s bitterness

During the determination of total isomerized alpha acid content, bitter acids are extracted

from the sample by an organic solvent in an acidic medium.



After the extraction and the separation of the two phases, absorbance of the solvent phase
Is measured at a wavelength of 275 nm by spectrophotometer (Evolution 300 LC, Thermo
Electron Corporation, England), against the solvent. Applied chemicals: 2,2,4-trimethyl
pentane (VWR International S.A.S., France), hydrochloric acid (VWR International
S.A.S, France). Results were expressed in mg/l (AOAC 965.21, 1995).

2.1.8. Determination of mineral content

Sample preparation was carried out based on the method of KOVACS et al. (1996).
Digestion of the samples was carried out by the addition of nitric acid (69%, VWR
International LTD., Radnor, USA) and hydrogen peroxide (30%, VWR International
LTD., Radnor, USA), at the temperature of 60 and 120 °C. Samples were diluted by
ultrapure distilled water (Millipore S.A.S., Molsheim, France) and filtered (qualitative
filter paper, grade: 388, Sartorius Stedim Biotech S.A., Gottingen, Germany), then the
mineral content was determined by ICP-OES (Inductively Coupled Plasma Optical
Emission Spectrometer) (Thermo Scientific iCAP 6300, Cambridge, UK). Operating
parameters for the determination were the followings: Power rating — 1350 W; nebulizer
gas flow rate — 1 dm*/min; cooling gas flow rate — 12 dm3®/min; auxiliary gas flow rate —
1 dm*/min; sample input speed — 1 cm®/min; stabilisation time — 3 sec. The emission
wavelengths (nm) were as follows: Na — 589.5; K — 766.4; Ca — 317.9; Mg — 279.5; P —
185.9; S—182.0; B — 208.8; Ba — 233.5; Cu — 324.7; Fe — 259.9; Mn — 259.3; Sr —407.7;
Zn-213.8.

2.2.  Statistical analysis

The analytical measurements were carried out in triplicate. For the statistical analysis,
SPSS (version 13, SPSS Inc. Chicago, Illinois, USA) was applied, thus minimum and
maximum values, average values and standard deviations were determined. To compare
the samples within one group, One-Way ANOVA was applied, for which a homogeneity
test was carried out first at the level of 5% of significance. Tukey test was performed in
case of homogeneous variables, while heterogeneous variables were investigated by
Dunnett’s T3 test. To classify samples into the previously defined groups, linear
discriminant analysis (LDA) was performed. In case of my own flavoured beer samples,
Pearson’s correlation analysis was carried out to find linear correlations between the

analysed parameters.



3. Results

Based on the results of the commercial beers, dark beers contain phenolic compounds and
flavonoids in higher concentrations than pale beers. Flavonoid content of the dark beers
(20.3+£5.3 mg CE/100 ml) were twice as high as the pale beers’. Besides those, the
difference between flavoured beers and mixed beer beverages is also worth mentioning.
Considerably higher concentrations of polyphenols and flavonoids were measured in
most of the flavoured beers than the mixed beer beverages.

Mineral content of the commercial beers was not outstanding compared to the homemade
beverages, but out of those, dark samples had high calcium (49.0 mg/l), magnesium (82.8
mg/l) and phosphorus content (245 mg/l) compared to the other sample groups. Dark
wheat beers were abundant in calcium (51.5 mg/l) and sulphur (61.5 mg/l), but
phosphorus (233 mg/l) and sulphur content (57.1 mg/l) of pale wheat beers was also
relatively high.

Commercial beers were categorized into sample groups of pale beer, dark beer, pale wheat
beer, dark wheat beer, ale, flavoured beer and mixed beer beverage by linear discriminant
analysis (LDA). The listed sample groups were applied as grouping variables, while
independent variables included polyphenol and flavonoid content, colour, acidity, copper,
manganese, phosphorus and strontium content of the samples. Six discriminant functions
were determined. In the first dimension, pale beers were separated from every other group
except for two samples, while mixed beer beverages were separated from every other
samplein the second dimension. In the third dimension, dark beers and pale wheat beers
separated from every other sample, ale samples were separated from every other sample
in the fourth dimension, while means were quite close to each other in the sixth
dimension. Graphic representation of the results is illustrated by Figure 2. Based on the
cross validation, 93.3% of pale beers, 80% of dark beers, 81.6% of pale wheat beers, 50%
of dark wheat beers, 75% of flavoured beers and 80% of mixed beer beverages were

correctly classified. Overall, 85.1% of the samples was correctly categorized.
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Figure 2.: The result of the linear discriminant analysis

Source: Own editing

In case of the homemade flavoured beers, polyphenol and flavonoid content was
influenced by the additional fruit species and the proportion and method of the addition
too. Phenolic content was increased effectively in case of the addition after fermentation,
proportionate to the quantity of the juice added. Samples fermented with the juices
showed lower phenolic contents than the control sample’s in every case, which could be
statistically verified, except for apricot (p = 1.00) and nectarine (p = 0.365) ale. On the
contrary, samples fermented with the juices showed higher flavonoid content than the
control sample in every case. Fermentation with cherry juices resulted in twice as high,
and fermentation with sour cherry juice resulted in 150% higher flavonoid content than

the control sample’s. Furthermore, every fruity ale showed significantly higher flavonoid
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content compared to the control sample’s, except for nectarine ale (p = 0.213).
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Application of the juices were efficient with different methods of addition. Enrichment
before fermentation increased flavonoid content efficiently, however the polyphenol
content of these samples was lower than the control sample’s. Nevertheless, addition
before bottling caused an increase in the phenolic content and flavonoid content
proportionate to the quantity of the juice used, furthermore, flavonoid content of every
sample exceeded the flavonoid content of the control sample, except for the 5% simple

watermelon and apricot ale.

Vitamin C content of the strawberry juice was 2.5 times higher than the concentration
measured in the sample with the second highest ascorbic acid content, which has
manifested in the end products too. Although the ascorbic acid content of strawberry ale
did not exceed the concentration measured in the control sample, the addition of
strawberry juice before bottling increased vitamin C content significantly, proportionate
to the quantity of the juice added. The highest ascorbic acid content (32.3 mg/100 ml)
was measured in the 7.5% simple strawberry ale, which was almost twice as high as the
control sample’s vitamin C content, and was significantly higher than the concentration

measured in any other sample.

The addition of fruit juices with high acidity definitely increases the acid content of the
end product. Out of the prepared samples, beers containing sour cherry juice had the
highest titratable acidity, which was significantly higher than the acid content measured
in the control sample (p < 0.000). 7.5% double sour cherry ale showed the highest acidity
(0.138+0.001 %lactic acid), which was twice as high as the control sample’s acid content.
It could also be stated that the increase in the acidity of the samples was proportionate to

the quantity of the juice added in almost every case.

Mineral contents of the samples containing fruit juices were various. Potassium content
of every sample containing juices was higher than the control sample’s potassium
concentration, and the potassium content of the fruity ale samples was higher than the
concentration measured in the simple fruity ales, but lower than the double fruity ales in
almost every case. Typically, the potassium content increased proportionate to the

quantity of the juice used.

11



Calcium content of the samples also increased compared to the control sample in most of
the cases of post-fermentation or double addition, however fermentation with the fruit
juices resulted in lower calcium content in case of the cherry ale, and no significant
changes could be observed in case of plum, watermelon, melon, apricot and nectarine ale
samples either. Similar observations can be made in case of magnesium content, which
was increased by the addition of grape juice the most efficiently.

Phosphorus content of the simple fruity ales was higher than the concentration measured
in the double fruity ales in many cases. For instance, the difference between the
phosphorus contents of simple and double cherry ales was statistically verified in every
case with p values of 0.004; 0.001 and 0.013, furthermore, in case of every watermelon
(p < 0.000), peach (p < 0.000), nectarine (p < 0.000) and apricot (p1 = 0.001; p>= 0.003;
ps=0.003) ale too.

Regarding to the sulphur content, concentrations measured in the simple fruity ales were
considerably higher than in the double fruity ales. For instance, the difference between
simple and double apricot ales were over 100%, which could be statistically verified (p <
0.000) too. The difference was also significant in case of cherry, sour cherry, watermelon,
peach, nectarine and grape ales.

The opposite could be observed in case of the boron contents, the concentrations
measured in the double fruity ales were mostly higher than the contents measured in the
simple fruity ales. The difference was more than double in case of peach and nectarine
ales, but it could also be statistically verified in case of the samples prepared by the
application of apricot and grape juice (p < 0.000). In most cases, boron concentration
increased proportionate to the quantity of juice added.

The highest copper contents were measured in samples prepared by the addition of grape
juice, which verifies the high copper content of grapes in relation to the plant protection
technologies. Both grape ale compared to the control sample and each double grape ale
sample compared to each other showed significant difference in their copper contents (p
< 0.000). However, this outstanding copper content did not have any negative effect on
the fermentation process, since the highest copper content was only 10% of the

concentration which would inhibit the metabolism of yeast cells.
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Less significant increase of copper content was caused by the addition of juices in case
of simple and double strawberry, simple and double plum, double sour cherry, double
melon, double apricot and double nectarine ales.

Manganese content of the beers was corresponding to the manganese content of the juices.
The highest manganese concentrations were measured in strawberry, apricot and
nectarine ale samples, but no obvious conclusions could be drawn from the results given
by further addition of the juices.

Regarding to the strontium content, grape, apricot, nectarine, peach and plum ales showed
higher concentration than the control sample, which could be statistically verified (p <
0.000). However, the further addition of these juices did not increase strontium content
significantly, furthermore, concentrations measured in simple fruity ales was higher than
double fruity ales’ strontium contents.

Zinc content of the samples was increased significantly by the fermentation with fruit
juices only in case of plum ale, but this difference could not be verified statistically either
(p = 0.060). The background of this is the fact that the additional fruit juices increased
the concentration of fermentable carbohydrates in the wort, which also increased the zinc
demand of the yeast cells, since it is essential to numerous metabolic processes. For
instance, zinc is the activator of alcohol dehydrogenase.

Pearson’s correlation analysis was carried out on the results of homemade flavoured
beers, which included every analysed parameter except for barium content. Results of the
analysis are shown by table 2. During the evaluation, | have only considered those cases,
in which Pearson’s coefficient was higher than 0.7 whether in positive or negative range,
at the significance level of 0.01. Therefore, only the correlations between five minerals
can be found in the table. There is a moderately strong positive correlation between
sodium and sulphur (r=0.718), and between sodium and phosphorus (r=0.754). Calcium
showed moderately strong positive correlation with sulphur (r=0.738) and phosphorus
(r=0.786), and it was in strong positive correlation with magnesium content (r=0.884).
Magnesium also showed a strong positive correlation with phosphorus (r=0.878) and
sulphur (r=0.896).

13



Table 2.: Results of Pearson’s correlation analysis

Na Ca Mg P S
Na 0.754 0.718
Ca 0.884 0.786 0.738
Mg 0.884 0.878 0.896
P 0.754 0.786 0.878
S 0.718 0.738 0.896

Source: Own editing

The application of oat malt as a primary ingredient, or the application of corn and rice
flakes as surrogates decreased polyphenol, flavonoid, potassium, magnesium and
phosphorus content of the beer significantly in every case, which was statistically verified
in numerous cases compared to the control sample. On the other hand, the usage of oat
malt increased sodium content of the samples by 26%, doubled their sulphur content, and
it increased manganese content by 150%. The substitution of 50% of the oat malt by rice
or corn flakes decreased sulphur content, but manganese concentrations of these samples
were also less than half of the concentrations measured in the pure oat beer. These
surrogates only increased zinc content of the beer. The addition of corn flakes increased
zinc content by 26%, while rice flakes increased that by 10%.

Stout beers contained significantly higher concentration of polyphenols than pale beers,
which was increased further by the addition of the flavouring products in every case.
Polyphenol content of the control stout was only 60% of the concentration shown by
coffee stout, but dark chocolate has also increased polyphenol content of the control
sample by 30%. The above-mentioned flavouring products caused 2-4 times higher
flavonoid content than the control sample’s. Furthermore, samples containing chocolates
or coffee showed higher bitterness, sodium, potassium, magnesium and phosphorus
content than the control sample, thus the addition of these products increase the
concentration of antioxidants and important macro elements too. The results are in total
compliance with those observations that suggest the increase of antioxidant compounds
by the increase of cocoa solid content of chocolates, and that arabica coffee is one of our

most antioxidant-rich luxury item.
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Table 3. summarizes the order of the average results of the sample groups regarding to
the determined parameters. Based on that, pale beers did not show outstanding results of
any analysed parameter, while dark beers had the highest average concentration of
flavonoids, the second highest calcium, magnesium and phosphorus content, and the third

highest polyphenol and copper content.

Table 3.: Order of sample groups based on the average results of the analysed parameters

Beer type
Para- Commercial Homemade

meter Pale Dark Pale Dark Ale Flav. Mixed | Fruity Oat Choc.
beer beer wheat wheat beer beer ale ale stout

TPC 6 3 8 9 5 4 10 2 7 1

Flav. 7 1 6 2 9 5 8 4 10 3

Acid 10 7 8 9 6 1 3 4 5 2

Na 5 8 9 10 6 2 7 3 1 4

K 9 7 6 8 2 3 10 1 5 4

Ca 5 2 4 1 7 3 10 8 6 9

Mg 6 2 5 3 1 8 10 7 9 4

P 4 2 3 7 1 5 10 6 9 8

S 6 4 3 2 7 8 10 5 1 9

B 9 8 10 7 5 1 6 2 3 4

Ba 8 6 9 7 5 2 1 4 3 10

Cu 7 3 9 5 4 8 10 6 2 1

Mn 9 8 5 4 6 3 10 7 1 2

Sr 7 6 10 9 8 5 1 2 4 3

Zn 7 6 8 9 5 4 10 2 1 3

Source: Own editing

Pale wheat beers showed the third highest phosphorus and sulphur content, while dark
wheat beers had the highest average calcium content, the second highest flavonoid and
sulphur content, and the third highest magnesium content.

Consequently, dark beers usually show higher flavonoid content than pale beers due to
the heat treatment applied during the production of caramel and roasted malts, which raw
materials are necessary to produce dark beers.

Commercial ale beers had the highest average magnesium and phosphorus content, and

the second highest potassium concentration.
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Significant differences could be observed regarding to the analysed parameters between
commercial flavoured beers and mixed beer beverages, which could be explained by the
ingredients of these beverages. The highest titratable acidity and boron content, the
second highest sodium and barium content, and the third highest potassium, calcium and
manganese contents were measured in the flavoured beers. Mixed beer beverages showed
the highest barium and strontium concentration, the third highest titratable acidity. On the
other hand, these samples were poor in every other compound determined, compared to
the other sample groups.

Homemade flavoured beers showed the highest potassium content of all sample groups,
and they also had the second highest polyphenol, boron, strontium and zinc content, and
the third highest sodium content. Therefore, these samples were rich in antioxidants and
minerals too.

Beers prepared by alternative primary ingredients (oats) and surrogates (corn and rice
flakes) contained the highest amounts of sodium, sulphur, manganese and zinc, the
second highest copper content, and the third highest amount of boron and barium, which
is in compliance with the fact that oats are considered to be rich in minerals.

Homemade chocolate and coffee stouts showed the highest polyphenol and copper
content, the second highest acid and manganese content, and the third highest flavonoid,
strontium and zinc content.

Based on the average results of the sample groups, it could also be declared that there is
no univocal correlation between polyphenol and flavonoid content of the samples. It is
possible in spite of the fact that flavonoids are a group of polyphenols. Polyphenol content
of beers mostly come from the malts and hops, however, most of these compounds are
phenolic acids and hydroxycinnamic acid derivatives, which constitute as non-flavonoid
phenols. Although hops are rich in xanthohumol and other prenylated flavonoids, the
applied quantity of hop products is negligible compared to the malt. It also should be
noted that the type, quantity and application of malts and hops could be various, which
could cause significant differences in the concentrations of polyphenols and flavonoids

in the end products.
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4. New scientific results of the dissertation

1. Samples were categorized into the groups of pale beers, dark beers, pale wheat
beers, dark wheat beers, ale beers (IPA, APA, stout), flavoured beers and mixed
beer beverages, then they were classified by linear discriminant analysis.
Polyphenol and flavonoid content, colour, copper, manganese, phosphorus and
strontium content of the samples were applied as independent variables. Total
result of the cross validation was 85.1%.

2. | did not find correlation between polyphenol and flavonoid content of the
samples. Based on the average results of the sample groups, some samples’
polyphenol and flavonoid contents were both high. For instance, dark beers
showed the highest flavonoid content (20.3 mg CE/100 ml) and the third highest
polyphenol content (39.5 mg GAE/100 ml). On the other hand, there were groups
with high polyphenol and low flavonoid content, for instance, ale beers had a
polyphenol content of 35.4 mg GAE/100 ml, but their average flavonoid content
was only 5.66 mg CE/100 ml. On the contrary, dark wheat beers showed the
second highest flavonoid content (15.9 mg CE/100 ml), but only the second lowest
polyphenol content (25.2 mg GAE/100 ml). It could be explained by the
observations that polyphenol content of the beer mostly comes from the malt and
hops, which compounds are mostly phenolic acids and hydroxycinnamic acid
derivatives, which constitute as non-flavonoid phenols. Although hops are rich in
xanthohumol and other prenylated flavonoids (YAMAGUCHI et al., 2009), the
applied quantity of hop products is negligible compared to the malt. It also should
be noted that the type, quantity and application of malts and hops could be various,
which could cause significant differences in the concentrations of polyphenols

and flavonoids in the end products.
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3. Polyphenol content of the homemade flavoured beers decreased in case of the
fermentation with the substitution of 7.5% of the wort by fruit juices, however,
the addition of the juices after fermentation (before bottling) increased the
concentration of phenolic compounds proportionate to the volume of the juice
added. In case of cherry juice, the polyphenol concentration of cherry ale was only
85.1% of the control sample’s polyphenol content. However, the addition of 37.5
ml juice before bottling (7.5%) increased fruity ale’s polyphenol content by
23.1%, which was higher than the concentration measured in the control sample.
This result is in compliance with the observation which suggests that the volume
of alcohol created during fermentation can decrease polyphenol content of the
wort or beer.

4. The presence of the fruit juices’ mineral content in the end products depends on
the mineral demand of the yeasts. Some macro elements, such as potassium are
present in the wort in such high concentration which covers the yeasts needs, so
the minerals added by the juices are not taken up by the yeasts, therefore it
increases the mineral content of the end product proportionate to the quantity of
the juice added. In case of potassium, the sour cherry juice added before
fermentation was expected to increase the original, 381 mg/l potassium content to
520 mg/l approximately. Based on the measurements, potassium content of the
sour cherry ale was 549 mg/l. Considering this concentration, the addition of 37.5
ml sour cherry juice before fermentation (7.5% double sour cherry ale) was
expected to increase its potassium content to 713 mg/l, while the actual result was
690 mg/l. These differences are negligible, the increase in the potassium content
was proportionate to the potassium concentration of the juice. On the other hand,
1725 ml sour cherry juice added before fermentation should have increased zinc
content of the control sample from 186 pg/l to 207 pg/l, but | have measured a
zinc concentration of 101 ug/1 in the sour cherry ale. The juice added to produce
7.5% double sour cherry ale was expected to increase zinc content from 101 pg/l
to 134 pg/l, but the result of the measurement was only 111 pg/l. The expected
zinc concentration of 7.5% simple sour cherry ale was 220 pg/l, 1 have only
measured 191 pg/l instead. These results can be explained by the excessive
demand for zinc of the yeast cells because of the increased concentration of
fermentable carbohydrates in the wort, since zinc is taken up in high quantities by

the yeasts to activate alcohol dehydrogenase.
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The exclusive application of oat malt as primary ingredient increased sodium
content of the control sample by 26%, doubled its sulphur content, and increased
its manganese content by 150%. Substituting 50% of the oat malt with corn or rice
flakes decreased sulphur content, which were similar to the concentrations
measured in the control sample. In case of manganese, concentrations measured
in the samples containing the above-mentioned surrogates was about half of the
pure oat beer’s manganese content, however it was still 9% higher than the control
sample’s in case of the addition of corn flakes, and 30% higher in case of the
addition of rice flakes. These surrogates increased only the zinc content compared
to the pure oat beer. The addition of rice flakes increased zinc content by 10%,

while this value was 26% in case of the corn flakes.

Practical results

Classifying commercial beers into product groups by linear discriminant analysis
based on their polyphenol and flavonoid content, colour, copper, manganese,
phosphorus and strontium content was correct in 85.1% of the cases. Therefore,
by expanding the independent variables, this method can be suitable for the
identification of unknown samples too.

Concentration of antioxidant compounds of beers was effectively increased by the
addition of fruit juices. However, it was mostly successful if they were added after
fermentation, since the concentration of these compounds decrease during the
fermentation, depending on the wort’s alcohol content too. The addition of sour
cherry juice before fermentation with a proportion of 7.5% of the total volume
decreased the control sample’s polyphenol content to 85.1%, but the addition of
the juice with the same proportion before bottling resulted in an increase of 23.1%
of polyphenol content.

The addition of fruit juices rich in vitamin C can increase ascorbic acid content of
beers significantly, which is beneficial from the aspect of product development.
Ascorbic acid content of strawberry juice was outstanding compared to every
other juice. The addition of strawberry juice before fermentation, with a
proportion of 7.5% of the bottled volume increased beer’s vitamin C content by
66%.
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4. Most of the analysed fruit juices increased potassium, calcium, magnesium and
phosphorus content of the samples significantly, since the wort already contained
the necessary amount of these elements for the yeasts. In case of some micro
elements, the contents of the fruit juices do not appear in the end products. The
additional fruit juice increases fermentable carbohydrate content of the wort, and
since the yeasts need zinc to activate alcohol dehydrogenase, zinc content of these
samples decreased significantly. In case of the addition of sour cherry juice before
fermentation, zinc content was less than half of the expected concentration based
on the zinc content of the wort and the juice.

5. The application of oat malt as a primary ingredient, or unmalted oat as a surrogate
increases the concentrations of some micro elements found in the beer,
particularly the amount of manganese and zinc. In case of the homemade oat
beers, the exclusive application of oat malt increased the beer’s manganese and
zinc content by 150%. The application of corn and rice flakes as surrogates
decreased manganese content of the oat beer, but the addition of rice flakes
increased its zinc concentration by 10%, while the addition of corn flakes
increased it by 26%. Overall, the production of gluten-free beers by the
application of oat malt is beneficial regarding to the mineral content of beer.
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