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Exercise 1: Grouping different beer types according to the ingredients used
Purpose of the exercise: Knowing the difference between the composition of various beer types
Required knowledge: Knowing the basic beer types and their general composition

Exercise: Choose three specific beer types and list their ingredients in decreasing volumes
according to a chosen recipe and the basic information given below.

According to the directive No. 2-702 of Codex Alimentarius Hungaricus, beer is an alcoholic
beverage rich in carbon-dioxide, produced by using malt and surrogates, mashed with water,
flavoured by hop, fermented by yeasts.
Flavoured beer: A beer, which is flavoured by other substances than hop (or hop and other
substances). Detailed features are indicated on the manufacturing formula.
A non-alcoholic beer, which is produced by the addition of aromas to create beer character does
not constitute a flavoured beer.

Consumable ingredients:
1. Primary ingredients:


Malt (produced by the germination of barley, wheat or other grains),



Water (safe drinking water)

2. Other, normally consumable ingredients:


Additives,



Aromas to create beer character of non-alcoholic beers,



Flavourings and colouring agents,



Substances and aromas for the production of flavoured beers,



Caramel malt, colouring malt,



Hop and hop products



Surrogates: Dry matter content of the wort can be originated to surrogates, which
may be malting barley, degerminated ground maize, rice and other products with
significant carbohydrate content

3. Processing aids (carbon-dioxide, nitrogen, yeasts, filtration and clarifying agents,
enzymes)
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Beers can be classified based on their qualitative characteristics, such as:
1. Colour:


Pale (ale/lager) beers (<20 EBC*)



Semi-dark (amber) beesr (20-45 EBC*)



Dark (porter) beers (>45 EBC*)

*Definition of EBC: See in exercise 9.

2. Alcohol content:


Non-alcoholic beers (<0,50% V/V)



Soft beers (0,51-1,50% V/V)



Low-alcohol beers (1,51-2,80% V/V)



Beers (2,81-8,0% V/V)



High-alcohol beers (>8,0% V/V)

Some information about different beer types:

Pale ale beers: The production of pale ale beers has become possible due to the industrial
development of the 18th Century, because only brown malts could be prepared previously.
Therefore, it is not surprising, that the primary ingredients of these beers are pale malts, but
different kinds of brown and caramel malts can also be added in a low quantity to create a bit of
smoky aroma. The difference between pale ale beers (British Pale Ale, American Pale Ale, Indian
Pale Ale, etc.) depends on the types and quantities of brown malts and hops used. For instance,
British Pale Ale beers usually contain British hops (Target, East Kent Goldings, Challenger),
while American IPA beers contain much more hops with various types (Cascade, Amarillo, Citra,
Simcoe, etc.) resulting in great bitterness.

Dark beers:
Heavily roasted malts give the flavour of coffee and dark chocolate to porter and stout beers,
while the sweet flavour of caramel malts may control the balance. These types developed in
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England, in the 18th Century, these were the favourite drink of port workers. The base of these
beer types is also pale malt, but many kinds of different brown-, caramel- or black malt are added.
Hops used for the production of British Pale Ale beers are also common in dark beers.

Wheat beers:
Wheat beers were produced in Germany even in the 15th Century, but until the end of the 19th
Century, only the royal families had the privilege to brew “weissbier”. The primary ingredients of
wheat beers are pale and wheat malt, in different ratios. They are really pale, with a persistent
foam and slight bitterness. In some cases, they can be produced even by using wheat instead of
wheat malt. The addition of German hop products (Mittelfrüher, Tettnanger, Saaz) is suggested.

Lager beers:
This is one of the youngest beer types, the first pilsner was produced in the middle of the 19th
Century. For these beer types, mainly pilsner malt is used. They are more bitter than wheat beers,
any kind of noble hops may be added. The brewing procedure of these beverages is a bit harder,
and the secondary fermentation (maturation) is also a long process.

Find recipes of three specific beer types and complete this table with the ingredients used in
decreasing quantities.
Beer Type

Malt

Hop

Yeast
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Exercise 2: Preparation for brewing
Purpose of the exercise: Students should prepare the brewing equipment and the ingredients for
brewing.
Required knowledge: None

Exercise: Prepare the brewing equipment for the process

Figure 1: Brewery system
(source: own record)
Figure 1 shows the main parts of the equipment. On the central part, the mash kettle (right) and
the boiling tank (left) can be seen. The display of the software control (Figure 2) can be found
next to the mash kettle, and there are two fermentation tanks on the counter.
Before brewing, each part of the system should be cleaned by using a detergent (Chemipro Oxi)
with a concentration of 4 g/l. Prepare the necessary amount of the solution (depending on the size
of the parts) and moisten the surfaces. This chemical disinfects the equipment during drying.
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The mashing kettle and the boiling tank (their tubes and pumps too!) also should be cleaned by hot
water. To manage that, pour 12 l water into each tank, add detergents and start the process by
choosing option CIP (Cleaning in Place) on the display.
This process cannot be carried out on both tanks at the same time, so you also have to choose the
tank intended to be cleaned first (tank 1: mash kettle; tank 2: boiling tank). After 20 minutes at
80oC, stop the programme and empty the tank, then pour 12 l pure water into it and start heating
and circulation for 5 min. Repeat rinse twice.

Figure 2: Display of the software control
(source: own record)

Check whether all parts of the mash kettle (Figure 3) are unharmed and easy to assemble or not
and take a look at the pumps (Figure 4) and clean them if necessary. Before disassembly, unplug
the equipment and make sure that no water could reach any electric conductor! Leave every part
of the equipment clean and dry, ready to use.
Also check the water levels of the water cooler before fermentation.

7

Before brewing, it is also suggested to prepare the ingredients. Measure the malt (grind if
necessary) and gather the hops and yeasts according to the specific recipe to ease the brewing
process.

Figure 3: Parts of the mash kettle (filter tank, rubber ring, mixing plate)
(source: own record)

Figure 4: Water pump
(source: own record)
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Exercise 3: Brewing I. (British Pale Ale)
Purpose of the exercise: Gaining practice in actual brewing by following a recipe step by step
Required knowledge: Materials of the lectures and the previous exercises

Exercise: Brew your own pale ale beer by following the recipe written below.
 Step 1: Weighing the malt  4.8 kg Pale malt (specific gravity: 1,055); 0.6 kg Carared
malt (specific gravity: 1.055). Use a scale and a pail for the weighing.
 Step 2: Measuring the water  Pour 12 l water into the mash kettle and the boiling tank
too.
 Step 3: Programming a recipe  Create your own recipe in the brewing system by setting
heating times and temperatures. In this case: Raise the temperature to 68oC and let the
mash rest for 60 min at that temperature to perform the digestion of starch. Then raise the
temperature to 80oC. Meanwhile the temperature of the water in the boiling tank also
reaches 76oC.
 Step 4: Loading the recipe  Choose your own recipe from the system’s database
 Step 5: Start brewing
 Step 6: Preparation of mash  Put the weighed malt into the mash kettle by the time the
water temperature reaches 40oC. While managing this, stop heating and circulation. Avoid
malt getting outside the inner tank. Once the malt is in the tank, place the upper filter onto
the tank and fix it with the screws. Turn heating and circulation back on, then fill water
into the kettle in the amount enough to keep the circulation going smoothly, and to flood
the thermometer inside the kettle. After this point the kettle may be closed. Prevent the
mash from burning down by using the mixer plate occasionally.
 Step 7: Iodine test  Sample the mash by using the tap of the kettle. Take about 50 ml into
an Erlenmeyer flask, place it in front of a white background and add a few drops of iodine
solution. The solution turning into blue indicates unsuccessful mashing process, further
heat treatment may be necessary.
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 Step 8: Filtration  In case of a negative iodine test, filter the wort through the filter tank
and the malt marc into a container.
 Step 9: Leaching  Pour the water previously warmed up in the boiling tank onto the malt
marc and let it leak into the wort through the filter tank (decrease the amount of water in
proportion to the amount of water used during the mashing!), then filter some of the wort
again through the filter tank. Taste the malt marc. No sweet taste indicates successful
leaching; the remaining extract has been washed out.
 Step 10: Hop boiling  Pour the wort into the boiling tank, close it and start heating and
circulation. After reaching 100oC, drop 28 g of Target hop pellet into the tank and start the
timer. After 30 minutes, measure 28 g of East Kent Goldings hop pellet into the tank. After
another 20 minutes, measure 40 g of East Kent Goldings into the tank. At the end of the
60th minute, heating and circulation should be stopped.
 Step 11: Cooling  Place the cooling coil into the wort. Connect it to the tap and start the
stream. Cool the wort while stirring until it reaches 20oC.
 Step 12: Filtration  Use an aseptic filter layer while draining the wort into the
fermentation tank to eliminate pieces of malt, hop and other foreign matters.
 Step 13: Fermentation  Set the cooler temperature (18oC) and inoculate the wort by
using 1 unit of Fermentis S-04 dried yeast. Duration: 10 days.
 Step 14: Bottling  Calculate the proper amount of glucose solution for the postfermentation, prepare the solution and pipette the proper amount into each glass
(previously washed). Connect the beer tap onto the fermentation tank, and a rubber tube on
the tap too. First, let a few dm3 of beer to leak out, then place the tube right into the bottom
of the bottle. Fill the bottles from under to provide colloidal stability.
 Step 15: Closing  Place the crown cork on top of the bottle and close it by using the
closing equipment.
 Step 16: Storage  Store the product in a cool, dark place.
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Exercise 4: Brewing II. (Pilsner)
Purpose of the exercise: Gaining practice in actual brewing by following a recipe step by step
Required knowledge: Materials of the lectures and the previous exercises

Exercise: Brew your own pilsner by following the recipe written below.
 Step 1: Weighing the malt  5 kg Pilsner malt (specific gravity: 1.055)
 Step 2: Measuring the water  Pour 12 l water into the mash kettle and the boiling tank
too.
 Step 3: Programming a recipe  Create your own recipe in the brewing system by setting
heating times and temperatures. In this case: Raise the temperature to 53oC and let the
mash rest for 20 min to perform proteolysis. Then raise the temperature to 63oC and let it
rest for 60 min, and raise the temperature to 73oC and let it rest for 30 min. By keeping
these temperatures, α- and β-amylase enzymes can function and digest starch. To terminate
enzyme activity, raise the temperature to 78oC for 10 min. Meanwhile the temperature of
the water in the boiling tank also reaches 76oC.
 Step 4: Loading the recipe  Choose your own recipe from the system’s database.
 Step 5: Start brewing
 Step 6: Preparation of mash  Put the weighed malt into the mash kettle by the time the
water temperature reaches 40oC. While managing this, stop heating and circulation. Avoid
malt getting outside the inner tank. Once the malt is in the tank, place the upper filter onto
the tank and fix it with the screws. Turn heating and circulation back on, then fill water
into the kettle in the amount enough to keep the circulation going smoothly, and to flood
the thermometer inside the kettle. After this point the kettle may be closed. Prevent the
mash from burning down by using the mixer plate occasionally.
 Step 7: Iodine test  Sample the mash by using the tap of the kettle. Take about 50 ml into
an Erlenmeyer flask, place it in front of a white background and add a few drops of iodine
solution. The solution turning into blue indicates unsuccessful mashing process, further
heat treatment may be necessary.
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 Step 8: Filtration  In case of a negative iodine test, filter the wort through the filter tank
and the malt marc into a container.
 Step 9: Leaching  Pour the water previously warmed up in the boiling tank onto the malt
marc and let it leak into the wort through the filter tank (decrease the amount of water in
proportion to the amount of water used during the mashing!), then filter some of the wort
again through the filter tank. Taste the malt marc. No sweet taste indicates successful
leaching; the remaining extract has been washed out.
 Step 10: Hop boiling  Pour the wort into the boiling tank, close it and turn heating and
circulation on. After reaching 100oC, measure 30 g of Magnum hop pellet, then start the
timer. After 40 min, add 15 g of Hersbrucker hop pellet and resume boiling. At the end of
the 60th minute, heating and circulation may be turned off.
 Step 11: Cooling  Place the cooling coil into the wort. Connect it to the tap and start the
stream. Cool the wort while stirring until it reaches 20oC.
 Step 12: Filtration  Use an aseptic filter layer while draining the wort into the
fermentation tank to eliminate pieces of malt, hop and other foreign matters.
 Step 13: Fermentation  Set the cooler temperature (12oC) and inoculate the wort by
using 1 unit of Fermentis W 34/70 dried yeast. After 10 days, set the cooler temperature to
2-6oC and resume fermentation for 4 weeks.
 Step 14: Bottling  Calculate the proper amount of glucose solution for the postfermentation, prepare the solution and pipette the proper amount into each glass
(previously washed). Connect the beer tap onto the fermentation tank, and a rubber tube on
the tap too. First, let a few dm3 of beer to leak out, then place the tube right into the bottom
of the bottle. Fill the bottles from under to provide colloidal stability.
 Step 15: Closing  Place the crown cork on top of the bottle and close it by using the
closing equipment.
 Step 16: Storage  Store the product in a cool, dark place.
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Exercise 5: Brewing III. (Porter)
Purpose of the exercise: Gaining practice in actual brewing by following a recipe step by step
Required knowledge: Materials of the lectures and the previous exercises

Exercise: Brew your own porter by following the recipe written below.
 Step 1: Weighing the malt and the surrogates  3 kg Pale ale malt + 1 kg Carapils malt +
1 kg Caramünich II malt + 0.3 kg Carafa I malt + 0.5 kg oat flakes
 Step 2: Measuring the water  Pour 12 l water into the mash kettle and the boiling tank
too.
 Step 3: Programming a recipe  Create your own recipe in the brewing system by setting
heating times and temperatures. In this case: Raise the temperature to 68oC and let the
mash rest for 60 min at that temperature to perform the digestion of starch. Then raise the
temperature to 80oC. Meanwhile the temperature of the water in the boiling tank also
reaches 76oC.
 Step 4: Loading the recipe  Choose your own recipe from the system’s database
 Step 5: Start brewing
 Step 6: Preparation of mash  Put the weighed malt into the mash kettle by the time the
water temperature reaches 40oC. While managing this, stop heating and circulation. Avoid
malt getting outside the inner tank. Once the malt is in the tank, place the upper filter onto
the tank and fix it with the screws. Turn heating and circulation back on, then fill water
into the kettle in the amount enough to keep the circulation going smoothly, and to flood
the thermometer inside the kettle. After this point the kettle may be closed. Prevent the
mash from burning down by using the mixer plate occasionally.
 Step 7: Iodine test  Sample the mash by using the tap of the kettle. Take about 50 ml into
an Erlenmeyer flask, place it in front of a white background and add a few drops of iodine
solution. The solution turning into blue indicates unsuccessful mashing process, further
heat treatment may be necessary.
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 Step 8: Filtration  In case of a negative iodine test, filter the wort through the filter tank
and the malt marc into a container.
 Step 9: Leaching  Pour the water previously warmed up in the boiling tank onto the malt
marc and let it leak into the wort through the filter tank (decrease the amount of water in
proportion to the amount of water used during the mashing!), then filter some of the wort
again through the filter tank. Taste the malt marc. No sweet taste indicates successful
leaching; the remaining extract has been washed out.
 Step 10: Hop boiling  Pour the wort into the boiling tank, close it and turn heating and
circulation on. After reaching 100oC, measure 15 g of Target hop pellet, then start the
timer. After 30 min, add 15 g of East Kent Goldings hop pellet, and another 15 g of the
same pellet after another 20 minutes. At the end of the 60th minute, heating and circulation
may be turned off.
 Step 11: Cooling  Place the cooling coil into the wort. Connect it to the tap and start the
stream. Cool the wort while stirring until it reaches 20oC.
 Step 12: Filtration  Use an aseptic filter layer while draining the wort into the
fermentation tank to eliminate pieces of malt, hop and other foreign matters.
 Step 13: Fermentation  Step the cooling temperature (22oC) and inoculate the wort by
using 1 unit of Fermentis S-04 dried yeast. Duration: 17 days.
 Step 14: Bottling  Calculate the proper amount of glucose solution for the postfermentation, prepare the solution and pipette the proper amount into each glass
(previously washed). Connect the beer tap onto the fermentation tank, and a rubber tube on
the tap too. First, let a few dm3 of beer to leak out, then place the tube right into the bottom
of the bottle. Fill the bottles from under to provide colloidal stability.
 Step 15: Closing  Place the crown cork on top of the bottle and close it by using the
closing equipment.
 Step 16: Storage  Store the product in a cool, dark place.
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Exercise 6: “Pálinka” production – mash preparation
Purpose of the exercise: Practicing the basic method of a mash preparation for “pálinka”
production
Required knowledge: Lecture material

Exercise: Prepare a mash of a chosen fruit

Wine and lees, marc, cereals and other ingredients may be used in the distilling industry, but in
most of the cases, “pálinka” is distilled from a mash prepared by using fruits. As a unique
Hungarian product, “pálinka” requires wholesome, fresh fruit for the mashing process. Prepare
the mash a chosen fruit according to the following steps and information.


Step 1: Selection, washing  After collecting the fruit, spoilt and damaged fruits must
be discarded to avoid the access of unpleasant taste and flavour (e.g. mouldy aroma)
which could have a negative impact on the quality and the organoleptic characteristics
of the end product. Other plant particles (leaves, twigs) also should be separated,
because they are also rich in sour flavour.
Soil and dust spoilage may be removed by washing the fruits, and by this step we can
also eliminate soil bacteria which could lead to the production of toxic substances.



Step 2: Stoning, cutting  Stoning should be executed in case of stone fruits, because
these seed contain amygdalin, which could transform into hydrocyanic acid during the
fermentation. As a toxic gas, hydrocyanic acid causes respiratory paralysis. Besides
this substance, benzaldehyde could also occur. Dried stones may be crushed and
dipped into the mash for a while to provide pleasant taste and aroma. Cutting the fruits
is necessary to create a less inhomogeneous system which provides appropriate
fermentation and mass transfer. Cutting may be carried out by using any kind of
grinder.
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Step 3: Mashing  After preparing the fruits, they can be placed into a plastic barrel
for the mashing process. The addition of sugar could increase the speed of the mashing
process and the volume of alcohol, but according to the Hungarian regulations, no
substances can be added to the mash except for enzymes, acids, yeasts, clarifying
agents, anti-foaming agents and nutrients. However, it could be advantageous to add
some water (15-20% V/V) to provide proper conditions for the yeasts.
During the mashing, some important aspects should be considered. For instance, some
fruits contain pectin in a concentration which increases the viscosity of the mash. Fruits
have their own pectolytic enzymes, but they digest the substance slowly with the
formation of methanol, which could accumulate in the middle distillate and could cause
blindness or even death, therefore the usage of pectolytic enzymes is recommended,
which could also prevent some oxidative reactions which have a negative impact on the
aroma.
Fruits also show different acidity, which depends on the variety, soil, weather and other
factors. Proper acidity prevents the growth of harmful microbes; therefore, it is
important to create proper acidity (pH 2.8-3.2) by using e.g. phosphoric acid or lactic
acid.
These additives (yeasts, enzymes, acids, nutrients) could be purchased in specialized
shops in packages for mashing in certain quantities.
After the addition of yeasts, the proper conditions should be provided, namely the
temperature (17-20oC) and pH (2.8-3.2). Only clean tanks/barrels should be used, and
the mash should be stirred regularly.
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Exercise 7: Production of home-made beverages
Purpose of the exercise: Gaining experience in the preparation of beverages by fermentation
Required knowledge: Lecture material

Exercise 1: Prepare a home-made Martini according to the recipe below:

Ingredients for 3 l:
-

Sugar (1.2 kg)

-

Rice (0.5 kg)

-

Raisins (10 ounces)

-

Lemon (2 pcs)

-

Allspice (6-7 pcs)

-

Vanilla sugar (2 packs)

-

Yeast (5 ounces)

-

Cinnamon (1 pc)

-

Warm water (3 l)

Preparation: Take the sugar, rice, raisins, lemon, vanilla sugar and the spices into a glass container
and add the water. Then grind the yeast into the container and mix the liquid. Close the container
with cellophane, then stick it with a needle to create some holes to provide optimal gas
composition. Keep the beverage on room temperature during the fermentation. The process lasts
for about 5-6 weeks and is finished when the lemons and raisins sink to the bottom of the
container. After the end of the fermentation, filter the beverage multiple times.
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Exercise 2: Prepare an eggnog according to the recipe below:

Ingredients for 1.2 l:
-

Milk (fat content: 3.5%, 500 ml)

-

Whipped-cream (250 ml)

-

Vanilla bean (2 pcs)

-

Powdered sugar (250 g)

-

Egg yolk (5 pcs)

-

White rum (250 ml)

Preparation: Mix the milk and the whipped-cream, add the vanilla beans (cut in half) and 100 g
powdered sugar, then boil this mixture. Mix the egg yolks with 150 g powdered sugar and add the
mixture boiled previously with a thin stream by continuous stirring. This method is important to
reduce the microbe count of the egg yolks, but the addition with thin stream is important to avoid
precipitation. Let the mixture cool, then add the white rum (or vodka). Pour the whole liquid into a
glass bottle, then take it into the fridge. The beverage is consumable within a day, but it is
recommended to let it mature for a week.
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Exercise 8: Sampling and sample preparation
Purpose of the exercise: Practicing different sampling and sample preparation methods for quality
analysis
Required knowledge: Materials of the lectures

Exercise: Sample the available primary ingredients, intermediates and end products and prepare
them for the measurements listed below.

Planned measurements:
-

Colour intensity,

-

Total acidity,

-

Foam stability,

-

Bitter acid content,

-

Flavonoid content,

-

Total phenolic content,

-

Mineral content.

During the sampling for these analytical measurements, the requirements of homogeneity and
microbial safety must be met. Data such as the time and place of sampling, name of the sampler,
etc. may not be indicated, because these samples are prepared and measured immediately in place.
In case of solid samples, take at least 90 grams to perform these measurements in triplicate.
During the sampling of intermediates and end products, the necessary volume is 200 ml, although
foam stability may be measured only in case of end products.
Sampling water: Burn the tap before sampling to disinfect the equipment. Drain the water for 5
minutes, then fill the container with some space left on top of the container, then close it carefully.
Sampling malt and other solid samples: In case of solid samples, sampling should be carried out
after homogenization, or samples should be taken at random from several sites.
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Sampling intermediates during the mashing, hop boiling and the fermentation process: Sampling
happens by using the taps of the brewing equipment – taps should be clean and open for a few
seconds to drain liquids found in the tap instead of the tank. In case of other beverages, sampling
may be recommended regularly during the fermentation.

Sample preparation:
Solid samples should be ground and homogenized before any analytical measurement.
In case of the intermediates, no special sample preparation is necessary until the fermentation,
except for filtration.
After the beginning of fermentation and in case of end products, samples should be degassed by
pouring them into beakers or conical flasks and taking them into ultrasonic water bath before
filtration. For the determination of foam stability, samples should not be degassed of course.
Keep the samples in clean containers with proper labelling during the whole analysis process.
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Exercise 9: Beer quality analysis
Purpose of the exercise: Learning basic analytical measurements and the related calculations for
the investigation of beer quality
Required knowledge: Lecture material, work and fire safety

Exercise: Determine the quality parameters of beer samples based on the following methods and
data.

1. Colour intensity:
Analysis procedure: Pour the degassed sample into a cuvette and measure absorbance (A) with
spectrophotometer at 430 nm against distilled water. To calculate the result, use the following
equation:

Colour intensity = 10 * A430
A430: the absorbance measured
By using this equation, colour intensity value is calculated on the SRM (Standard Reference
Method) scale. EBC (European Brewing Convention) scale is more common in the brewing
industry. Use the following formula to calculate the results in EBC:

EBC = SRM * 1.97

2. Total acidity:
Analysis procedure: Pour 250 ml distilled water into an Erlenmeyer flask and boil it. After 2
minutes of boiling, add 25 ml sample (carefully), then boil it for another 30 seconds while stirring.
Cool the solution down in running water before titration with 0.1 M NaOH solution in the
presence of phenolphthalein.
Calculate total acidity with the following formula:
Total acidity (lactic acid %) = V * 0.009
V: volume of the NaOH solution used (ml)
3. Acidity:
21

Acidity of beer is the volume of NaOH (ml) necessary for the neutralization of 100 ml beer
sample.
Analysis procedure: Pour 50 ml degassed sample into a beaker (100 ml), then place it onto
magnetic stirrer and dip the electrode into the sample. The next step is to titrate the sample with
0.1 M NaOH solution until the pH of the sample reaches 9.
Results should be calculated with the following equation:

Acidity = V * f * 0.2
V: volume of the NaOH solution used (ml)
f: factor of the NaOH solution

4. Foam stability:
Before the measurement, cool every equipment to 8-10oC which are intended to be used. For this
method, use fresh sample instead of the degassed one.
Analysis procedure: Pour 150 ml sample into a volumetric cylinder (1000 ml) without foaming,
then drop 12 g silica sand into the beer from the height of 30 cm, through a glass funnel. This is
the point when foam is produced. Until the end of the first minute, the quantity of the foam
reaches its maximum. Volume of the foam should be read off at this time, and at the end of the
tenth minute. Persistent foaming depends on temperature therefore it must be measured after 10
minutes.
Calculate foam stability by using the following equation:
H10 = (a2 * 20.5) / b * (t + 10.5)
H10: foam stability calculated for 10 oC (ml)
a: volume of the foam at the end of the first minute (ml)
b: the difference between the volumes of the foam measured after 1 and 10 minutes (ml)
t: temperature of the sample (oC)
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5. α-bitter acid content:
The quantitative determination of α-bitter acids gives information about the bitterness of beer,
which has an impact on other parameters, such as persistent foaming and stability. Bitter acids
include α-bitter acids (humulone and its derivatives) and β-bitter acids (lupulone and its
derivatives).
The principle of this method is to extract α-bitter acids from the sample by usi ng isooctane
(2,2,4-trimethylpentane) from a medium acidified with hydrochloric acid, and measure the
quantity of α-bitter acids with a spectrophotometric method.
Analysis procedure: Measure 10 ml degassed sample into a volumetric flask (100 ml), then add
0.5 ml HCl solution (6 M) and 20 ml isooctane. Close the flask, then take it onto a shaker for 15
minutes, then rest the sample for 30 minutes. During that time, the aqueous and solvent phases
separate.
Measure the absorbance of the solvent phase (upper) at 275 nm against isooctane.
Calculate the concentration of α-bitter acids with the following formula:
α-bitter acid content (mg/l) = (96.15 * A) + 0.4
A: absorbance measured
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Exercise 10: Determination of mineral concentrations
Purpose of the exercise: Learning the sample preparation method for the determination of mineral
content
Required knowledge: Lecture material, work and fire safety

Exercise: Prepare the available samples for the determination of mineral content

The determination of element concentrations is necessary due to the various compositions of beer
(and other beverages). It contains essential macro-, micro- and trace elements, but the ingredients
also may be contaminated with elements which could have adverse effects on human health. The
measurement of these elements may also be significant during each and every step of the brewing
procedure.
Sample preparation is carried out according to the method of Kovács et al. (1996). Measure 10 ml
sample into a digestion tube (in case of solid samples, such as malt, measure 10 grams into the
tube after crushing/grinding and homogenization), then add 10 ml concentrated nitric acid (69%
V

/V) and rest it for one night. After the rest, place the tubes into the digestion apparat and start pre-

digestion at 60oC for 30 min. This procedure is followed by cooling the samples to room
temperature, then the addition of 3 ml H2O2 (30% V/V). Then place the samples back into the
equipment and raise the temperature by 20oC in every 15 minutes, until it reaches the temperature
of the digestion (120oC). After digesting for 90 min, samples should be totally transparent. Let the
samples cool down to room temperature, then use ultrapure water to volume the samples up to 50
cm3. After all, filter the samples through qualitative filter paper into centrifuge tubes and close
them carefully.
The determination of the element concentrations is carried out by using Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES) and Inductively Coupled Plasma Mass
Spectrometry (ICP-MS).

24

Exercise 11: Quality analysis of wine and bitters (bitter liqueurs)
Purpose of the exercise: Learning analytical measurements for the investigation of the quality of
wine and bitters
Required knowledge: Lecture material, work and fire safety

Exercise: Determine the total polyphenol content (TPC) and flavonoid content of the samples
based on the following methods.

Alcoholic beverages such as beer, wine and bitters have various composition. Compounds with
health benefits, such as phenolic compounds and flavonoids can be found in these products.
Phenolic compounds include thousands of water-soluble compounds which have different
functions, but most importantly these compounds show antioxidant activity. Phenolic compounds
contain at least one phenolic hydroxide group or its derivatives. Due to these properties, they can
be divided into three groups: simple phenols, flavonoids and complex polyphenols.
Flavonoids are secondary metabolites of plants and have positive effects on human health, such as
anti-inflammatory and antioxidant effect. Their chemical structure is really various, there are
already thousands of flavonoids known.

Sample preparation: Pipette 5 ml sample into a volumetric flask and measure up with a mixture of
methanol:distilled water (80:20). After some rest, filter the solution through folded filter paper.

Preparation of the calibration solutions:
-

TPC: A gallic acid stock solution with a concentration of 100 mg/l is used for the
preparation of the calibration solutions. The concentrations of the solutions should be 0, 5,
10, 20, 50 and 100 mg/l.

-

Flavonoid content: A catechin stock solution with a concentration of 100 mg/l is used for
the preparation of the calibration solutions. The concentrations of the solutions should be
20, 40, 60, 80 and 100 mg/l.
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Analysis procedure:
-

TPC: Prepare 10 ml test tubes for each sample and the calibration solutions. Pipette 0.5-0.5
ml of the filtered samples and the calibration solutions into the test tubes. Add 2.5 ml
Folin-Ciocalteu reagent (0.2 N) and let them react for 5 minutes, then add 2 ml sodium
carbonate solution (75 g/l). After two hours of rest in a dark place, pour the solutions into a
cuvette and measure the absorbance at 760 nm with spectrophotometer, against
methanol:distilled water mixture.
To calculate the results, use the absorbance values of the calibration solutions to prepare a
calibration curve. After the equation of this curve is available, absorbance values of the
samples should be substituted (y).

-

Flavonoid content: Prepare 10 ml test tubes for each sample, the calibration solutions and
one blank sample, which contains methanol:distilled water mixture instead of the sample.
Pipette 4 ml distilled water mixture into each tube, then add 1 ml of the samples and the
calibration solutions. Add 0.3 ml NaNO2 solution (5%). After five minutes, add 0.3 ml
AlCl3 solution (10%), and one minute later, add 2 ml NaOH solution (1 M) too. Finally,
add 2.4 ml distilled water to each solution. Pour the samples into a cuvette and measure the
absorbance at 510 nm with spectrophotometer, against the blank solution
To calculate the results, use the absorbance values of the calibration solutions to prepare a
calibration curve. After the equation of this curve is available, absorbance values of the
samples should be substituted (y).

These analysis methods are also applicable for beer and other samples, and some of the
previously described methods (determination of mineral content, acidity) can also be
applied for wine and other samples.
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Exercise 12: Calculation of quality parameters
Purpose of the exercise: Gaining p ractice in data processing related to the measurements
Required knowledge: Materials of the previous exercises

Exercise: Calculate the results of beer quality analysis according to the test data given below.

1. Calculate the colour intensity (on the SRM and EBC scale too) of the following samples by
using the equations given in Exercise 9.
Sample
1
2
3
4
5
6
7
8
9
10

Absorbance
1.6509
0.9768
1.3481
1.0076
0.9435
1.1551
2.5439
1.8914
3.1235
1.5904

Colour Intensity (SRM)
16.509

Colour Intensity (EBC)
32.5

2. Calculate the total acidity of the following samples by using the equation given in Exercise
9.
Sample
1
2
3
4
5
6
7
8
9
10

Volume of the NaOH solution
(ml)
4.2
3.6
6.1
3.2
5.8
4.9
3.6
6.3
5.2
4.1

Total acidity (lactic acid %)
0.0378
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3. Calculate the foam stability of the following samples by using the equation given in
Exercise 9, if the temperature of the samples was 20oC.
Sample
1
2
3
4
5
6
7
8
9
10

a
80.0
72.5
92.0
56.5
62.0
82.5
75.0
81.0
68.5
72.0

b
60.0
54.0
71.5
32.0
51.0
66.5
58.5
63.5
52.5
56.5

H10 (ml)
71.7

4. Calculate the bitter acid content of the following samples by using the equation given in
Exercise 9.
Sample
1
2
3
4
5
6
7
8
9
10

Absorbance
0.8669
0.8183
0.7931
0.8365
0.7651
0.7138
0.8263
0.7374
0.7914
0.8564

α-bitter acid content (mg/l)
83.8
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5. Calculate the total phenolic content of the following samples, if the equation of the
calibration curve is the following: y=0.0145x+0.0235
Sample
1
2
3
4
5
6
7
8
9
10

Weight/volume
of the sample
(g/ml)
5.000
5.000
5.000
5.000
5.153
5.264
5.000
5.000
5.000
5.000

Absorbance

Equation*

Volume**

2.0194
2.0116
0.6854
0.9831
1.9238
1.3854
0.3954
0.8853
3.9652
2.9846

137.65

1.0306

Result
(mgGAE/100
ml)***
135

* Calculate the value of “x” by the substitution of the absorbance measured (y)
** Divide the weight of the sample by the intentional weight (5 g)
*** Divide the result calculated by using the equation by the volume
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Exercise 13: Preparation of a flow diagram
Purpose of the exercise: Learning how to prepare the flow diagram of an own product
Required knowledge: Lecture material

Exercise: Prepare the flow diagram of one chosen product of the previous brewing processes
based on the example given below.

The preparation of a flow diagram is the basic step of a hazard analysis which is essential for safe
production. Each and every point of the production must be indicated on the diagram, and possible
hazards should be considered by every step.

Applied symbols:
Process:
Operating parameters: e.g. 85-95°C; 10-12 min; 20-22%

Incoming material, tools:

Operation way:

Junction, decision:

Point of contact:
The following example is a flow diagram of an industrial lager beer therefore it contains much
more steps then a flow diagram of a craft beer. Based on that, prepare the flow diagram of one
chosen product.
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Exercise 14: Preparation of a manufacturing formula
Purpose of the exercise: Practice the preparation of a manufacturing formula
Required knowledge: General knowledge of the food industry

Exercise: Prepare the manufacturing formula of your chosen beer.

In case of producing processed food for consumers or other food business (which needs this
product for its own procedure), food business operators should prepare a manufacturing formula.
This formula provides information about the food business operator, the preparation of the product
and information related to food safety and food quality.
When preparing a manufacturing formula, you have to indicate the following information:
1. Information about the food business operator:
 Name and address of the headquarter of the food business
 Address of the processing plant
2. Data of the food preparation:
 Trade name of food
 Name of the ingredients used per unit of the food preparation, in decreasing
order of weight
 Name of genetically modified organisms and the name of the ingredient
containing GMO (if relevant)
 List of the procedures which could determine shelf-life and safety of the
product, and the list of their parameters
3. Data related to food safety and quality:
 Applied regulation (if the product is produced according to regulations or
Codex Alimentarius Hungaricus)
 Physical, chemical and microbiological characteristics
 Organoleptic characteristics
 Verification of special characteristics (in case of using quality schemes)
 Use-by-date/date of minimum durability
 Storage conditions (if relevant)
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 Date of the preparation (or modification) of the manufacturing formula
 Name and signature of people who are liable for the preparation of the
product and the manufacturing formula

This formula must be prepared before the actual production. In case of any changes in the data, the
formula must be modified before the product is released.
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