BEER NECESSITIES

Determining the composition and characteristics of beer
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Summary
Beer is an alcoholic drink known for centuries. The oldest proven records of brewing are about 6 000 years. Today, the brewing industry is a huge global business, consisting of several multinational companies, like Heineken.

Analysis of beer in the Heineken brewery laboratory includes all sorts of determinations: ethanol, ascorbic acid, glucose, maltose, carbon dioxide, sulfur dioxide, riboflavin and N-nitrosodimethylamine content and many types of ion. There are determinations of foam character, bitterness, clearness, colour and pH.

The aim of this project is to carry out a few of these determinations:

ethanol content, using distillation and GC, colour, bitterness and pH.

Activity type

F

Use of scientific knowledge and understanding to solve problems

Working in teams to solve problems

Resource/budget management

Time and workload management

Techniques

Ultraviolet and Visible (UV/VIS) absorption spectroscopy

Potentiometry

Gas liquid chromatography (GC)
Distillation

Field

Beverages

Time

Practical lessons:
400 minutes

Theory lessons: 
 90 minutes

Out of class time:
 80 minutes

StandardBase procedures

Determination of ethanol in (Heineken) beer using GC

StandardBase techniques

Ultraviolet and Visible (UV-VIS) absorption spectroscopy
Potentiometry

Gas liquid chromatography (GC)
Other resources
Heineken International; www.heinekeninternational.com
http://products.metrohm.com/applications/industry/food/list-alcohol-coffee-tobaccos.aspx?ctgyName=ap-alcohol-tobaccos
http://home.howstuffworks.com/question532.htm
Other resources are in the activity.
Student’s document
BEER NECESSITIES: Determining the composition and characteristics of beer
The oldest proven records of brewing are about 6 000 years old and refer to the Sumerians. Sumeria lay between the Tigris and Euphrates rivers including Southern Mesopotamia and the ancient cities of Babylon and Ur. It is said that the Sumerians discovered the fermentation process by chance. The Sumerians are assumed to be the first civilized culture to brew beer. They had discovered a "divine drink" which certainly was a gift from the gods.

In ancient times beer was cloudy and unfiltered. ‘Drinking straws’ were used to avoid getting the brewing residue, which was very bitter, in the mouth. Beer from Babylon was exported and distributed as far away as Egypt. Hammurabi, a famous Babylonian king, decreed the oldest known collection of laws. One of these laws established a daily beer ration. This ration was dependent on the social standing of the individual, a normal worker received 2 litres, civil servants 3 litres, administrators and high priests 5 litres per day. In these ancient times beer was often not sold, but used as barter. The Egyptians carried on the tradition of beer brewing. After Egypt was succeeded by the Greeks and Romans, beer continued to be brewed. The ancient Germans regarded beer not only a sacrifice to the gods but, as in Egypt, they also brewed beer for their own enjoyment. Beer brewing played an important role in daily lives. Beer was clearly so desired that it led nomadic groups into village life. Beer was considered a valuable (potable) foodstuff and workers were often paid with jugs of beer.

Beer was one of the most common drinks during the middle Ages. It was consumed daily by all social classes in the northern and eastern parts of Europe where grape cultivation was difficult or impossible. Though wine of varying qualities was the most common drink in the south, beer was still popular among the lower classes. Since the purity of water could seldom be guaranteed, alcoholic drink was the most common choice since the alcohol acted as a disinfectant. Beer also provided a considerable amount of daily calories in the northern regions. In England and the Low Countries, the per capita consumption was 275-300 litres a year by the Late Middle Ages, and beer was downed with every meal.

Today, the brewing industry is a huge global business, consisting of several multinational companies, and many thousands of smaller producers ranging from brewpubs to regional breweries. Advances in refrigeration, international and transcontinental shipping, marketing and commerce have resulted in an international marketplace, where the consumer has literally hundreds of choices between various styles of local, regional, national and foreign beers.
http://en.wikipedia.org/wiki/History_of_beer#Middle_Ages http://www.alabev.com/history.htm
http://www.eat-online.net/english/habits/history_of_beer_main.htm
http://www.beerhistory.com/library/holdings/raley_timetable.shtml 
Your brief

You will work in a group. The group will be given one or more beer samples.

Your brief is to:
· investigate beers of different nature, brown, pale etc.
· investigate the ethanol content in beer, using distillation and GC (each student determines the alcohol content by density after distillation and by GC; the same calibration solutions can be used by everyone)
· determine the colour of beer (each student)
· determine the bitterness of beer (each student)

· determine the pH of beer (each student)

· carry out all measurements mentioned above for each beer
· plan time and workload management of this investigation
· calculate the cost of the determinations, bearing in mind the time needed, chemicals used and depreciation of equipment.

Your investigation

Task 1

Make a plan for all tasks; draw up a planning grid to show who does what and when.
Task 2

Use Student sheet: Determination of ethanol in beer using distillation, to determine ethanol content.

Task 3

Use www.standardbase.com: Determination of ethanol in (Heineken) beer using GC to determine ethanol content
Task 4
Use Student sheet: Colour of beer to determine the colour of your beer sample.

Task 5

Use Student sheet: Bitterness of beer to determine the bitterness of your beer sample.

Task 6

Use Student sheet: pH of beer to determine the pH of your beer sample.

Task 7
Calculate the cost of the two determinations of ethanol in beer (see Your findings).

Discuss the plan with your teacher, including the instruments and chemicals you plan to use.

Gather information about the techniques you will use.

Remember that a risk assessment must be carried out before you start any practical work.

Your findings

Gather the results of all the analyses, the ethanol contents from distillation and the ethanol contents obtained using GC, the EBC (European Brewing Convention) units for the colour, the IBU’s (international bitter units) and the pH’s.
Compare your results within your group and, if possible, with the results of another group (or more groups). Make a comparison table.
How confident are you with the reliability of your findings?
Can you give the possible errors in your results?

Calculate the cost of the analyses.
Report form:

	Distillation of beer

	Chemicals
	Quantity
	Price
	Time needed
	Depreciation (equipment)
	Energy costs

	
	
	
	
	
	


Which determination of the ethanol content is the most economical (in terms of time and cost)?

Assess the costs for an automated GC determination (with sample carousel and automatic injection). Would automation of the GC determination be cost effective?

Did you perform the measurements according to your timetable?

Write a report with your results and conclusions.
Student self assessment

Use the file Evaluating skills.doc from the ProBase website.
Student sheet:  Determination of ethanol in beer using distillation
Scope
The determination of alcohol content of beer using a distillation procedure and measurement of the density is regarded as the reference method for alcohol, although other methods may produce accurate results.

Principle
The ethanol is separated by distillation. The density is measured after making up the distillate to its original mass with water.
Preparation
Sample
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Remove excess carbon dioxide by shaking 300-500 mL beer in a 750 mL flask. Filter the beer through a dry filter paper in a covered funnel into a second flask; reject the first 20 mL. Repeat the shaking and filtering until the beer is completely degassed.
Shaking platform
Measure the density at 20 °C of the decarbonated beer, (ρbeer) using a density meter.
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Measuring the density by areometer

Procedure
Assemble a distillation apparatus. Be sure that the exit of the distillation adaptor (drip tube) dips into about 5 mL of water in a tarred 100 mL flask, surrounded with ice or ice and water.
Weigh 100.0 g (± 0.1 g) of the decarbonated beer into a tarred 500 mL flask and add about 50 mL of water. Attach the flask to the Y adaptor.

Apply heat to distil off the ethanol at a constant rate. Avoid carbonisation of the beer (heat the beer slowly and do not overheat).
Stop the distillation when 85-90 mL has been collected (30-60 minutes).

Fill up the flask with the distillate to 100.0 g (± 0.1 g) with water.

Measure the density at 20 °C of the distillate, ρdist, using a density meter.

Calculation

Calculate from ρdist  the ethanol content in beer in % by mass beer (w) using the empirical formula:

w (in %) = 517.4(1- ρdist) + 5084(1-ρdist)2 + 33503(1-ρdist)3
Convert the % by mass beer (w) into % by volume beer (():
(  = 
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where: 0.791 is the relative density of ethanol at 20 °C
Expression of results

Report the ethanol content as % ethanol by volume (() to two decimals places.
Student sheet: Colour of beer

Scope

The determination of the colour of beer using spectrophotometry.

Principle
The absorbance of beer is measured at a wavelength of 430 nm in a 10 mm cuvette. The colour in EBC (European Brewing Convention) units is obtained by multiplying the absorbance by a given factor (see below). The scale for EBC ranges from 4 (lager) to 138 (imperial stout).

Preparation

Sample

Degas the beer samples by gently stirring with a magnetic stirrer on low speed. Dilute the sample so that the absorbance at 430 nm is within the linearity of the spectrophotometer. Using 5 mm cuvettes has the advantage that beers of up to high colour intensity values can be measured without the need for dilution. Filter the sample through a 0.45 (m membrane filter.

Procedure
Check that the wavelength setting is 430. If necessary, adjust the wavelength setting.

Set the absorbance to read 0.000.

Rinse the cuvette and fill with the beer sample.

Read the absorbance.

Calculation
Calculate the colour of the undiluted sample using the formula:

Colour (EBC units) = A × f × 25

where:

A is absorbance at 430 nm in a 10 mm cuvette

f is dilution factor

or


Colour (EBC units) = A × f × 50

where:

A is absorbance at 430 nm in a 5 mm cuvette

f is dilution factor
Student sheet: Bitterness of beer

Scope
The determination of the bitter substances in beer, which are mainly iso-α-acids (with a five member ring) originating from α-acids present in hops.
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Principle
Bitterness is an essential quality parameter in modern breweries, and analysis of bitterness in beer and wort is conducted as a routine throughout the brewing industry. The traditional and international recommended analysis of bitterness in beer, in international bitter units (IBU), is carried out by a spectrophotometric measurement at 275 nm of an acidic solvent extract of beer. Acidified beer is extracted with 2,2,4-trimethyl pentane. The bitter substances dissolve in the organic phase. After centrifugation, the absorbance of the 2,2,4-trimethyl pentane phase is measured at 275 nm against pure 2,2,4-trimethyl pentane.

Some IBU for different types of beer are:

	Beer
	IBU

	Berliner wheat beers (Berliner Weisse)
	  3-6

	Pilsner (Dutch type)
	18-30

	English strong ale 
	30-40


Reagent solutions

hydrochloric acid, 6 mol/L

Preparation

Sample

Degas the beer samples by gently stirring with a magnetic stirrer on low speed. Degassing agents and filtration may decrease the bitterness and is therefore not recommended. Plastic containers must not be used.

Iso-α-acids adsorb onto glass. Rinse thoroughly cleaned and/or new glassware first with an 2,2,4-trimethyl pentane beer extract before use.

Procedure
Pipette 10.0 mL degassed beer into a 35 mL centrifuge tube or a 50 mL conical flask. Add 0.5 mL HCl (6 mol/L) and 20 mL 2,2,4-trimethyl pentane. Place 2 to 3 glass balls in the tube. Screw a cap on the centrifuge tube or stopper the flask, to get a solvent tight seal. Shake the centrifuge tubes for 15 minutes at 20 ± 1 °C in a rotary shaker set at 130 ± 5 rpm or use a platform shaker and shake 20 ± 1 °C until a maximum extraction has been achieved, or shake by hand.

Measure the absorbance of the 2,2,4-trimethyl pentane phase at 275 nm at intervals during shaking until no further increase in absorbance is observed, to establish the time of shaking.
Allow the emulsion to settle, centrifuge the tubes for 3 minutes at 3000 rpm (or use a separation funnel).

Measure the absorbance of the 2,2,4-trimethyl pentane phase in a 10 mm cuvette at 275 nm, using pure 2,2,4-trimethyl pentane as a reference. Before measuring, the cuvette must be washed with a part of the 2,2,4-trimethyl pentane phase. Record the sample absorbance in a few seconds.

Absorbance measurement should be made within 20 minutes after centrifugation (or separation in the funnel) because further delay will affect the results.

Calculation

Bitterness (IBU) = 50 × A275
where A275 is the absorbance at 275 nm measured against 2,2,4-trimethyl pentane as a reference.

Student sheet: pH of beer

Scope
The determination of pH at 20 °C of decarbonated beer using a pH meter.

Principle
The pH of beer is measured using a pH meter.
Preparation 
Sample

Remove excess carbon dioxide by shaking about 200 mL of beer in a 500 mL flask at a temperature of 20 °C. Shake, first gently and then vigorously, until gasses no longer escape from the beer (you can also stir the beer with a magnetic stirrer, at first on low speed, then more vigorously). During shaking, the flask is kept closed by hand.

Filter the beer through a dry folded filter paper in a funnel into a second conical flask. Repeat the shaking (or stirring) and filtering step to be sure the beer is completely degassed.

Note: a single shaking and filtering is sometimes not sufficient to obtain a stable pH end-value. Furthermore, inadequate degassing will result in residual CO2 contributing to an unstable pH reading. Double shaking (or stirring) is the best degassing procedure for measuring pH of degassed beer.

Calibration of the pH meter

Before taking measurements, the pH meter must be calibrated. Take the electrode out from the solution, rinse it with distilled water and dry it with tissue paper. For the calibration, use two buffer solutions with different pH values.
[image: image4.jpg]



Measuring the pH of beer

Procedure

Measure the pH of the beer sample using a calibrated pH meter.

If the pH reading is unstable, continue to stir the sample with a magnetic stirrer. Measure the pH after 15, 30, 45 etc. minutes until the pH reading is stable.

Expression of results
Report the pH result to two decimal places at 20 °C
Teacher’s document

Overview

Students work as analysts in the laboratory at a brewery. They carry out the determinations of alcohol content by GC and distillation, and the bitterness, the colour and the pH of beer. All these determinations are routine in brewery laboratories.

To be effective, students need scientific skills and knowledge, they have to work in a team and communicate effectively.
Students learn to:
· tackle scientific problems by applying their practical skills and their knowledge and understanding to different kinds of analyses

· observe, measure and analyse data collected from different analyses and evaluate these

· make a plan for the tasks

· calculate the cost of the determinations of ethanol, bearing in mind the time needed, chemicals used and depreciation (write off) of equipment (see example of a report form in Your findings).

· work with others and manage relationships with people

Developing students' skills

The project group should consist of 6 students or more.
Project groups meetings are, ideally, conducted as a professional discussion of progress.

One student keeps a record of all the outcomes and results from the members of his/her group. At the end of the project, the outcomes and results are discussed with the teacher.

Besides the laboratory journal, the written end report, the presentation and other outcomes, the group should also write about how the project was run and how team members performed during the project. Filling in a monitoring questionnaire will help to clarify each others’ commitment.
The teacher (project coach) guides the project group, approves and decides on the plans, distribution of tasks etc. 

He/she supports the project group to function independently, and teaches the students to learn from one another.

He/she guides the working process and is approachable for practical questions.

To make a good time and workload plan might be difficult for the students. They need feedback during the planning stage.

Guide the students with suggestions, but leave them to manage their work independently.
The cost of the determination of ethanol, the depreciation of instruments and the energy costs may pose a problem for students. Technicians and local energy companies could be of help.
Discuss and evaluate the results at the end the project.
Organising and managing the class

Students should have experience of visible spectrophotometry, distillation, GC and measuring pH.

It is suggested that students work in groups of six and preferably with two groups or more.

Each student determines the alcohol content of beer by GC; the same calibration solutions can be used by all the students.
Each student determines the alcohol content by density, after distillation.
Each student carries out the bitterness, colour and pH measurements.

Students need to recognise the importance of taking care and pride in their work. They need to be gently reminded of this while they are working. During work in the laboratory, they may need three types of help:
· help with technical details, including manipulative skills and correct handling of chemicals and equipment

· help with, and vigilance over, health and safety issues

· help with working relations in their group.
The use of iso-octane must be supervised, because of health and safety issues.
Session plan for teachers
A suggested approach is:

· introduce the activity and check prior knowledge (80 minutes)

· arrange students into groups to discuss and allocate the work (10 minutes)

· carry out practical work (400 minutes)

The same calibration solution can be used by more than 1 student

· groups come together to share results, complete reporting forms, and draw conclusions (80 minutes).

Technical notes
· Equipment and materials

Materials and their CAS numbers

	Name
	Grade
	CAS-No.

	ethanol 
	100% ethanol is recommended

95 % by volume is satisfactory
	64-17-5

	1-propanol


	99 % by volume is satisfactory

free of other alkanols
	71-23-8



	acetone
	Reagent
	67-64-1

	Iso-octane
(2,2,4-trimethyl pentane)
	UV spectroscopy
	540-84-1

	hydrochloric acid
	Analytical
	7647-01-0


· samples of beer
Equipment

Determination of ethanol in beer using distillation

Instruments

· analytical balance

· water bath at 20 °C

Glassware and other equipment
· distillation flask, 300-500 mL

· Y adaptor

· Liebig condenser

· distillation adaptor (drip tube)

· flask, 100 mL

· heating source

· funnel 500-750 mL capacity

· filter paper, folded and dry, medium fast quality grade

· density meter (areometer)

Determination of ethanol in beer using GC
See www.standardbase.com: Determination of ethanol in (Heineken) beer using GC.
Colour of beer

Instruments
· spectrophotometer with 5 mm or 10 mm cuvettes; to measure at a wavelength of 430 nm

· magnetic stirrer with follower bar

Glassware and other equipment
· membrane filters, pore size 0.45 (m

· membrane filter holder

Bitterness of beer

Instruments

· UV spectrophotometer

· magnetic stirrer with follower bar
· centrifuge, operating speed 3000 rpm

· rotary shaker or shaker platform type

Glassware and other equipment
· silica cuvettes, 10 mm optical path length

· glass balls

· centrifuge tubes, 35 mL, with screw thread necks and plastic caps to render them solvent tight 

· glass conical flasks, 50 mL and stoppers

· pipettes 0.5-10 and 20 mL or, alternatively 0.5 and 20 mL volumetric dispensers

pH of beer

Instruments

· pH meter

· glass electrode

· calomel electrode

· water bath at 20 ± 1 °C

Glassware and other equipment

· magnetic stirrer with follower bar

· filter funnels

· medium fast quality filter paper e.g. Schleicher and Schuell 597 ½ or equivalent

· conical flasks

· beakers

Preparation 

No preparations are needed.
Notes
Setting up instruments - GC

Set up the gas chromatograph as described in the user manual. Make sure that temperatures of oven, injector and detector are stabilised.

Column 1.6 metre Carbowax 20 M by GC, use:

Carrier gas nitrogen 20 mL/min

Oven 100 oC

Detector FID 200 oC

Injector 150 oC

Range 10-9
Attenuation 1-1024 to give max peak heights

Use the attenuator to give the highest peaks possible. This will give better measurements of the peak heights on paper. Since both peaks will be equally larger or smaller at different degrees of attenuation, this will have no effect on the ratio.
Setting up instruments - pH meter

The pH meter must be calibrated. For the calibration, use two buffer solutions with different pH values.
Testing prior knowledge

Choose the correct answer
1.
The molar absorption coefficient is a physical property of a compound. The best way to increase the sensitivity of a spectrophotometric analysis is by:
a. decreasing cuvette path length
b. increasing sample volume
c. increasing cuvette path length and sample concentration
d. decreasing sample concentration


2.
The correct relationship between absorbance (A) and % transmittance (T) is:
a. A = logT
b. A = log(1/T)
c. A = -log(1/T)
d. A = 2-logT
3. If a pure compound boils at 100 oC at 101.3 kPa, its boiling point at 96.6 kPa will be:
a. lower 
b. higher 
c. the same 
d. cannot predict 

4. Ideally, in a gas chromatographic technique, the individual compounds in a sample:
a. leave the column in a different physical state to that in which they entered 
b. become separated from each other as they pass through the column
c. become bonded to one another 
d. attach irreversibly to the columns stationary phase

5. In gas chromatography, what effect would decreasing the column temperature have on retention times?

a. Retention times would be higher

b. Retention times would be lower

c. Retention times would be unaffected

d. Retention times would be higher but only for the highest boiling compounds

Answers are given in red. These need to be removed before the test is used.
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