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Beer doesn't exist.

Beers exist!
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Chemical analyses for quality control of worts and beers

Introduction

In recent years, the international brewing industry
is evolving into a growing offer of craft beers,
which arises from the demands of consumers,
refining themselves to taste and quality.

We're talking about the so-called "craft beer
revolution", which has oriented marketing
strategies towards a recovery and a
reinterpretation of traditional styles, as the use of
raw materials, in order to enhance their
autheticity. Even in Italy, the success of the craft
beer industry has been overwhelming; sure
enough, both a progressive spread of micro-
breweries and a growing popularity of their beers
have been noticed. Therefore, it is possible to
discuss about a real "movement" made up of
highly heterogeneous experts and companies [1],
answering to the consumer's demand using the
same standards, as a product of quality.

So clearly the quality of a product must be linked
to objective parameters’s analysis so as to
perform a check on the brewing process.

Analysis parameters

Determination of pH: The pH value of wort is an
important parameter during the mashing phase. In
worts there are different types of enzymes
(amylases) with their own specifications and they
have an effect at different temperatures and pH.
Then, every enzyme present in the wort has a
"window of operation", which guarantees the
perfect conversion of the starch into fermentable
sugars and dextrins. An optimal pH in the phase of
mashing is between 5.2 and 5.8, in fact the main
enzymatic reactions of mashing take place in this
range.

Determination of starch: Starch is converted into
simple sugars thanks to the enzymes present in
the malt, during the mashing. A check on the
starch degradation can be made by measuring the
residual starch in the wort, so as to be able to
continue with the following operations. The
measure of starch is the most representative
parameter of mashing’s end.
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Determination of the FAN: Free amino nitrogen

(FAN) is produced during the mashing. FAN is an
important nutrient and it plays an essential role in
keeping yeast cells alive during the fermentation.
Its measurement allows brewers to decide to add
additional nutrients into wort before the
fermentation. The determination of FAN is
significant for the fermentation process. In fact,
low levels of FAN are indicative of a slow and
incomplete fermentation process. In this way, it is
possible to avoid product loss and save money. If
needed nutrients are not added, the mash could
not complete its fermentation, because of yeast
cells death due to lack of free amino nitrogen.
While, in the presence of an excessive amount of
nutrients, the beer could be infected with
microbes that would ruin the quality of the final
product.

Determination of fermentable sugars: During the
fermentation phase, the yeast converts
fermentable sugars, produced throughout the
mash, into ethanol and CO.. Yeast is a single-celled
organism and its work consists of three different
steps: breathing, the yeast goes to draw on the
reserves of oxygen of wort to store energy that will
be used later; fermentation: yeast cells reproduce
by converting sugars into alcohol and carbon
dioxide; and finally, the sedimentation step: the
yeast is deposited on the bottom of the fermenter,
after having consumed almost all the sugars of the
wort. The measurement of quantity of residual
fermentable sugars attests the end of
fermentation.

The fermentable sugars in beer’s worts are:
glucose and fructose (10-15%) (monosaccharides),
maltose (50-60%) (disaccharide formed by two
glucose molecules) and maltotriose (15-20%)
(formed polysaccharide from three molecules of
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glucose). They are called fermentable sugars
because they can be digested by yeasts.

Maltotriose, unlike other sugars, is a partially
fermentable sugar, because it is often not
completely digested by yeasts, since not all yeast
strains are able to completely ferment it.

Determination of bitter (IBU): The main
contribution to the bitter taste of the beer comes
from the iso-alpha-acids of the hop plant,
belonging to the family of the Cannabaceae. In
addition to stabilizing the foam and giving it a
charming taste, the hops provides bitter flavor,
which is necessary to counteract the cloying
sweetness of the wort and thus balance its flavors
and aromas. The alpha-acids of the hops, present
in the resins, provide most of the bitter features.
During the boiling phase, they endure a structural
change called isomerization, which increases its
solubility and creates bitter compounds that will
remain until the moment of tasting of the finished
beer.

The beer is therefore the result of the union of the
sweet and full taste of the barley converted into
malt, with the pleasant bitter aftertaste provided
by the hops.

Determination of color: Taking a brief historical
overview, in the last fifty years half a dozen
techniques have been used to evaluate the color
of beer and have provided different results. The
original Lovibond method is still in use, and some
methods for the determination of color refer to it,
which was based on an optical comparison
between a sample of beer or wort and a set of
colored glass standards, corresponding to the
Lovibond grades. Lovibond method attempted to
capture the yellow / red balance and the color
intensity using a single standard for each Lovibond
grade. Obviously, this method was prior to reliable
spectrophotometers’s coming for estimating the
amount of light absorbed by the beer, contained
in a cuvette illuminated by a light at a precise
wavelength [2]. In fact, the color characteristics of
a beer are defined by its color through the
absorbance reading at 420 nm.

Another inquiring aspect is to research the causes
of the color of a beer inside the Maillard reaction’s
products. The Maillard reaction means a series of
phenomena that take place after the interaction
of sugars (glucose, fructose, maltose, etc.) with
amino acids, at high temperatures and in
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conditions of low water activity. These conditions
occur during malting phase, exactly when the
germinated kernels are first dried and then heated
to the specific temperature to obtain the
demanded malt. In other words, it is easily
understood: dark beers are obtained from toasted
malts, instead the clearest from malts subjected to
mild thermal treatments.

Determination of alcohol by volume (% vol, ABV):
the determination of the alcohol content in beer is
not only an important process parameter for
beer’s production, it is useful to know the amount
of duties, which weigh on the manufacturer
(www.camera.it/legl7/522?theme=excise),
depending on the percentage of wort’s sugars
before the fermentation. This percentage is called
Plato scale Saccharometers (°P). In this regard, the
Italian legislation classifies beer into the following
categories:

- Non-alcoholic beer: 3 < °P > 8, ABV < 1.2% vol;
- Light beer: 5 < °P > 10.5, ABV > 1.2% vol;

- Normal beer: °P > 10.5, ABV > 4.5% vol;

- Special beer: °P > 12.5, ABV > 5.5% vol;

- Double malt beer: over 15 ° P, ABV > 6.5% vol.

It should be noted that the expression "double
malt beer" has entered into common language,
but it has no meaning other than a fiscal one.

Determination of lactic acid: Lactic acid is
produced by mainly microbial activity, during the
fermentation and its concentration is related to
the total bacterial load. The lactic bacteria cause
lactic acid as the main fermentation’s product of
carbohydrates, produce very small amounts of
CO;, survive in high acidity conditions (some
species continue to grow up to about pH 3),
ferment between 15 °C and 35 °C and they grow
up even with low concentrations of oxygen. They
are limited by abundant hops and high
concentrations of alcohol. Although normally
lactic bacteria are responsible for beer defects,
they are able to contain or exclude the presence
of other unwanted microorganisms, if they are
used accurately. Therefore, a chemical analysis for
determining the concentration of lactic acid in
beer is a useful indicator of the good conservation
of the beverage. To check lactic acid will be as
useful as the analysis will be faster.

Determination of sulfure dioxide: Sulfure dioxide
(S02) is produced during the primary
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fermentation  process and  during the
refermentation phase. Its antioxidant action
allows to prolong the shelf life of the beer.

Sulfites are widely used as additives in beverages
to prevent bacterial growth and slow down the
process of oxidation by inhibiting oxidative
enzymes,

In particular, sulfure dioxide is considered to be
the most important factor about the shelf life of
beer, because it inhibits its oxidation. In fact, it is
used by brewers in the form of potassium
matabisulfite (K25,0s), commonly known as E224.

The analysis system CDR BeerLab®

CDR BeerlLab® is an analysis system developed to
control the brewing process during all its phases.

Thanks to CDR BeerLab® it is possible to perform a
wide range of analyses on wort and beer, quickly
and easily compared to traditional methods.

A versatile system which meets the needs of
breweries of all sizes, without going to external
laboratories, in complete autonomy.

CDR BeerlLab® is a real laboratory of analysis: an
analyzer based on photometric technology, 4
reading cells and 16 thermostated incubation
cells, a kit of pre-vialed reagents, without the need
to use special glassware, and finally the "Help"
function which describes and lead you through the
process step by step, which can also be performed
by non-specialized employees.

CDR BeerLab® is a compact system, equipped with
everything needed to test the quality of beer,
highlighting its strengths in the brewing industry,
such as:

1. Innovation: in the field of quality control of wort
and beer, CDR introduces an innovative analysis
system, which radically changes the way of
performing the analyses;

2. Reliability: several comparative studies carried
out by certified laboratories show the same
accuracy of the results of traditional methods;

3. Simplicity: there is no need for specialized
technicians because everyone can perform the
wide analysis range;

4. Green: CDR BeerlLab® system has a low
environmental impact due to the minimum waste
production and reduced reagent volumes.
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Conclusion

CDR BeerLab® is able to perform the analyses
independently, directly in the brewery, quickly,
without turning to

= an external
- Y n laboratory in order
Gy ©o K to achieve the
——— brewing  control.

CDR BeerLab®
allows constant monitoring of the production
process, obtaining accurate results in a few
minutes, without the support of specialized
technical personnel.
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The evolution of sugars and of wort density during beer fermentation

CDR Paper 1901

Simone Bellassai Chemist — Enologist and expert in food and beverage analysis at CDR — Lisa Mearelli researcher at the CDR Chemical Lab
“Francesco Bonicolini”

One of the crucial problems in the control of the brewing process is the correct identification of the end of
fermentation. Another phase of the brewing process, which can cause troublesome problemes, is the priming phase.

Researchers from the CDR Chemical Lab “Francesco Bonicolini” conducted a study on brewing with the aim of:

e e understanding which is the best method to determine the end of the fermentation process;
e o determining the residual sugar concentration in order to avoid problems in the priming phase.

For this purpose they studied the evolution of fermentable sugars as well as the variation of wort density during
fermentation.

Sugars in beer wort
Four types of sugars may be present in beer wort:

- Glucose and fructose: simple sugars, which are completely fermentable by the yeasts used in brewing;

- Maltose: complex sugar, formed by two molecules of glucose, which is completely fermentable by yeasts;

- Maltotriose: complex sugar, formed by three molecules of glucose, which is completely fermentable only by
certain yeasts used in brewing, while for others it is partially fermentable or even non-fermentable at all;

- Sucrose: complex sugar, formed by a molecule of glucose and one of fructose, which is easily fermentable by
yeasts.

Glucose, fructose, maltose and maltotriose are sugars naturally present in beer wort because they derive from the
barley starch used in mashing, while sucrose can be added by the brewer if it is required by the given beer recipe.

Materials and methods
In order to perform this study two different beer worts were produced in the laboratory with the following recipes:

BEER RECIPE 1

INGREDIENTS TYPE QUANTITY
Malt extract Extra light liquid malt extract 489 gr
Dry malt extract Extra light dry malt extract 250 gr
Hops Hops in Cascade pellet 22 gr
Orange peels Dried sweet orange peels 23 gr
Sucrose Kitchen sugar 50 gr
Water ol 5L
Yeast White labs WLP0OO2 (attenuation: 63-70%) 8,7 mL
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BEER RECIPE 2

INGREDIENTS TYPE QUANTITY
Malt extract Extra light liquid malt extract 489 gr
Dry malt extract Extra light dry malt extract 250 gr
Hops Hops in Cascade pellet 22 gr
Orange peels Dried sweet orange peels 23 gr
Sucrose Kitchen sugar 50 gr
Water *E 5L
Yeast White labs WLP099 (attenuation: 80-100%) 7,6 mL

** The water used presented the following characteristics:

- Calcium: 115 mg/L

- Alkalinity: 98 ppm

- Sulphates: 256 mg/L
- Chlorides: 56 mg/L

The yeasts used

Both beers were produced following a recipe for IPA beers, except for the yeast type. In fact, a low attenuation yeast
was added to the wort in one beer, while a high attenuation yeast was used in the other. The characteristics of the
yeasts used are as described below:

- White Labs WLP0O2: it is a yeast with a low attenuation (63-70%), which therefore is not able to transform
all the sugars into alcohol. The optimal temperature range for fermentation is 18-20 °C, it has a very high
flocculation and presents an average alcohol tolerance (5-10% v/v).

A slight production of diacetyl is common. Due to the high flocculation of this strain, the finished beer is
clear and the yeast can easily be collected by the fermenter for future use. It is common for this yeast to
appear coagulated.

- White Labs WLP099: it is a yeast with a high attenuation (80-100%), which therefore can transform almost all
sugars into alcohol. The optimal temperature range for fermentation is 18-20.5 °C, it has a medium degree
of flocculation and has a very high alcohol tolerance (> 15% v/v). This type of yeast has been genetically
modified to increase the attenuation rate.

Data on the concentration of the fermentable sugars and on the density of the wort were collected, for each wort,
from the moment of inoculation of the two yeasts.

Measurement tools and analysis

CDR BeerLab® was used to determine the change in concentration of fermentable sugars, while a portable digital
density meter was used to measure the variation in density of the wort. Data was collected thanks to these two tools
from the yeast inoculation until the time in which fermentation was said to be ended. For each session of analysis,
about 10 mL of fermenting wort was taken from each container and filtered with paper filters. About 3 mL of sample
was needed for the density measurement, while about 1 mL of sample was sufficient to complete all the analyzes
with CDR BeerlLab®.
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The results
The data collected, divided for each beer wort, are reported in the following tables.

Table 1. Data related to beer wort no. 1 (i..m.= data below the minimum limit detectable by the tool).

Measurement tool CDR BeerLab® Density Meter
Glucose +
i Fructose +

Date and time of Fructose+ Glucose Fructose Sucrose Density
. Maltose + Maltose (g/L) .

analysis Maltose (g/L) (g/L) (g/L) (g/cm?)

&/L) Sucrose
(/L)

04/01/2019 16:30 85 92,2 12,7 2,6 69,7 7,2 1,055
07/01/2019 09:30 66 73,5 6,9 6,7 52,4 7,5 1,048
07/01/2019 15:00 70 70,7 6,7 5,6 57,7 0,7 1,044
08/01/2019 09:00 35 37,1 0,1 2 32,9 2,1 1,029
08/01/2019 14:30 31 31,1 i.l.m. 1,1 29,9 0,1 1,025
09/01/2019 08:30 20 20 i.l.m. i.l.m. 20 i.l.m. 1,020
09/01/2019 14:30 18 <18 i.l.m. il.m. 18 i.l.m. 1,011
09/01/2019 16:30 19,5 <18 i.l.m. i.l.m. 19,5 i.l.m. 1,019
10/01/2019 09:00 16,2 <18 i.l.m. i.l.m. 16,2 i.l.m. 1,017
10/01/2019 14:30 16,3 <18 i.l.m. i.l.m. 16,3 i.l.m. 1,017
11/01/2019 09:30 15 <18 i.l.m. i.l.m. 15 i.l.m. 1,015
11/01/2019 14:30 13,6 <18 i.l.m. i.l.m. 13,6 i.l.m. 1,015
14/01/2019 08:30 12,7 <18 i.l.m. i.l.m. 12,7 i.l.m. 1,014
15/01/2019 08:30 12,7 <18 i.l.m. i.l.m. 12,7 i.l.m. 1,015

Table 2. Data related to beer wort no. 2 (i..m.= data below the minimum limit detectable by the tool).

Measurement tool CDR BeerLab® Density Meter
Glucose + lﬁ'tlcct?:;:
Date and time of Fructose + Maltose + Glucose Fructose Maltose Sucrose Density
analysis M(al;fse Sucrose (g/L) (s/L) (g/L) (s/L) (g/cm?)
2 (g/L)
04/01/2019 16:30 87 96,3 12,8 2,7 71,5 9,3 1,054
07/01/2019 09:30 59 59,9 0,5 1,4 57,1 0,9 1,037
07/01/2019 15:00 55 56,6 0,4 0,8 53,8 16 1,034
08/01/2019 09:00 37 37,2 0,3 0,1 36,6 0,2 1,025
08/01/2019 14:30 35 34,6 0,3 0,1 34,6 i.l.m. 1,023
09/01/2019 08:30 16,5 <18 ilm. i.l.m. 16,5 il.m. 1,016
09/01/2019 14:30 14,4 <18 il.m. i.l.m. 14,4 il.m. 1,014
09/01/2019 16:30 12,2 <18 ilm. i.l.m. 12,2 il.m. 1,013
10/01/2019 09:00 6,4 <18 i.l.m. i.l.m. 6,4 ilm. 1,009
10/01/2019 14:30 4,7 <18 il.m. i.l.m. 4,7 il.m. 1,008
11/01/2019 09:30 1,7 <18 ilm. i.l.m. 1,7 il.m. 1,006
11/01/2019 14:30 1,2 <18 ilm. il.m. 1,2 il.m. 1,005
14/01/2019 08:30 1 <18 il.m. i.l.m. 1 il.m. 1,005
15/01/2019 08:30 1 <18 il.m. il.m. 1 i.l.m. 1,006
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The CDR BeerlLab® tool allows two types of analysis: the determination of the sum of glucose, fructose and maltose
and the determination of the sum of glucose, fructose, maltose and sucrose. For this research, however, the various
sugars were measured individually for a more detailed analysis.

From the data reported in the previous tables it is possible to evaluate the trend in concentration of fermentable
sugars present in the beer wort. The first sugars to be fermented by the yeasts are glucose, fructose and sucrose. In
fact, for both worts, these three sugars are almost absent after four days. Also maltose and maltotriose (determined
together with maltose) are fermented but at a later stage. Fermentation can be considered completed after 6 days,
when the concentration of sugars remains constant in 2 measurements performed at a distance of 24 hours.

As can be seen from the tables, considering the column Glucose + Fructose + Maltose (g/L), the yeasts acted
differently at the end of the fermentation process. In fact, by the end of the action of the White Labs WLP002 (low
attenuation) yeast, 12.7 g/L of unfermented sugar (maltotriose) remained in the wort, while the White Labs WLP099
(high attenuation) yeast allowed the fermentation of almost all of the sugars, leaving only 1 g/L of unfermented
sugar (maltotriose) within the wort. This difference in final concentration of sugars, due to the characteristics of the
different yeasts used, is to be kept in mind when assessing the end of fermentation, since, as demonstrated by these
measurements, fermentation does not always end when the residual concentration of sugars is close to zero.

It is also important to know the residual concentration of sugars at the end of fermentation in order to correctly
evaluate the amount of sugar to be added to the beer in the priming phase in order to avoid over-gassing.

Priming is the process by which carbon dioxide is added to the beer. The most common priming method used by
craft breweries is the natural method; carbonation is obtained by adding fermentable sugars to the beer before
bottling. As a rule, a concentration varying from 4 to 7 g/L of sugar is added for priming, as each beer may require a
different level of gassing.

Comparison between the results obtained with the density meter and with CDR BeerLab®

In order to determine the end of fermentation and measure the residual sugar concentration it is necessary to focus
on the last four days of this process.

Both for beer no. 1 than for no. 2 we note how the density of the wort detected by the portable densimeter in the
last four days varies by 0.001. Since the resolution of the tool is 0.001, the density meter provides a potentially
insignificant result as it does not reflect the change in concentration of sugars.

Instead, when analyzing the results of the analyzes obtained with CDR BeerLab® in the last 4 days of fermentation,
we note that the concentration of the fermentable sugars detected varies by 2.3 g/L in the case of beer no. 1 and by
0.7 g/L in the case of beer no. 2.

From the results of the analysis performed, we note that the portable digital density meter is quite accurate in
assessing the density of the wort, thus it can be used to control the progress of the fermentation process. Instead,
the use of CDR BeerlLab® is to be favored to establish the effective end of fermentation, since it is more precise and
capable of detecting even the slightest changes in sugar concentration that the portable density meter is not capable
of highlighting as effectively.

Having the safety of having completed the fermentation is essential for the priming phase.

& FOODLAB
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To avoid over-gassing, which could give rise to gushing, it is essential to be sure that the fermentation is complete.
The analysis of fermentable sugars is therefore of primary importance for the calculation of the amount of sugar to
be added in the priming phase, thus obtaining the volumes of CO; required from the recipe adopted.

Beer style Volumes of CO,
British ales 1,5-2,0
Porter, Stout 1,7-2,3
Belgian ales 1,9-2,4
Lager 2,2-2,7
Wheat beer 3,3-45

More specifically, based on the beers produced, if we had evaluated the end of fermentation by using the
densimeter, we would have considered a point of early fermentation that would have left sugar residues
corresponding to 2.3 g/L of sugar and 0.7 g/L of sugar in the case of beer no. 1 and beer no. 2, respectively. These
guantities of residual fermentable sugars would have given rise to 0.57 and 0.17 volumes of CO,, respectively, which
could have caused an excessive gassing of the beer.

Conclusions

We can state that fermentation is concluded when the concentration of sugars remains constant for 24 consecutive
hours. Therefore, to determine the end of the fermentation process, it is much more effective to control the
variation in concentration of sugars in the wort rather than the density.

CDR BeerLab® is considered the most suitable tool to determine the end of fermentation, being able to detect even
the slightest variations in concentration of sugars that otherwise, i.e. by measuring the density, would not be able to
be appreciated.

With CDR BeerlLab® it is possible to measure the exact concentration of residual sugars at the end of fermentation in
order to avoid errors in the priming phase.

Useful links

Densimeter or Density Meter

Determination of fermentable sugars

CDR BeerLab® analysis system
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Introduction

Housed in a Grade Il listed mill in the spiritual heart of the industrial
revolution, Northern Monk takes thousands of years of monastic
brewing heritage and tradition and combines them with the best of
modern brewing techniques along with local and internationally
sourced ingredients.

All of Northern Monk’s ale is brewed in-house to produce beers unique
in their taste, colour and origins. Brewing 20,000 pints per week for
distribution around the world, Northern Monk work with charitable
organisations and local businesses and collaborate with breweries and
businesses who share their vision of craftsmanship and quality to help
strengthen the North.

Northern Monk started brewing in 2014 and has since become an
institution of innovation in brewing, with a focus on quality, which is
largely monitored in-house using a variety of lab equipment including
the CDR BeerlLab.

With this in mind, it is no surprise that Head Brewer Brian Dickson and
Production Manager Colin Stronge were keen to use their BeerLab in
our latest study to investigate the effect of dry-hopping on fermentable
sugars and ABV.

Project

An article published in the Journal of the Institute of Brewing in 1941
by Janicki, J. et al' discussed the presence of diastatic activity in hops
and how this might affect secondary fermentation in cask beer. Their
experiments consisted of taking samples of starch dissolved in pH
adjusted water (to approximate beer pH) and adding Saaz hops at a
rate of approximately 40 g/L. The research discovered that maltose was
produced from dry-hopping in mg quantities in just 5 hours, suggesting
that the starch in solution was being broken down by enzymes in the
hops.

Ron Pattinson points out in his blog (March 2018), that Brown and
Morris also commented that hops contain a noticeable percentage of
Glucose and Fructose (around 3%), which was also shown to be fully
fermentable after extraction from the hops and addition of yeast.??
Part two of Ron’s blog post also revisits the work published by Janicki
et al, further discussing the ability of hops to break down starch into
fermentable sugars.

To best investigate these two effects, we picked three beer styles of
increasing dry-hop quantities, namely a session IPA, an American IPA
and a DIPA. The increasing levels of dry-hopping — all via a hop rocket —
should give increasing levels of diastatic activity and fermentable sugar
addition and potentially an increase in ABV.

Results

For the study, a sample was taken from the FV every 30 minutes, with
two samples taken before dry-hopping and two samples taken after
dry-hopping. All three beers were dry-hopped for 3-hours using a
hop rocket and all samples taken were analysed for ABV, Fermentable
Sugars (g/L), Starch (g/L), pH, and Bitterness (IBU) using the CDR
BeerlLab. The starch measured on the BeerLab will include a mixture
of complex starch molecules not broken down in the Mash as well as
some longer chain dextrin molecules. Fermentable Sugars is a measure
of Glucose, Fructose, Maltose and Maltotriose.

The American IPA and DIPA were not dry-hopped before running the
hop rocket and therefore not before analysis, however the Session IPA
was dry-hopped prior to using the hop rocket and analysis. The hops
used in each dry-hopping varied by addition rate and Alpha Acid % as
shown in Table 1.

Table 1. Dry-Hop Addition Rate and Alpha Acid %

Beer Addition Rate Hop #1 | Hop #2 | Hop #3
Session IPA 3.5g/L 11.2% 10.0% 8.1%

American IPA 4.0g/L 7.2% 15.6% 14.6%
Double IPA 6.0 g/L 12.8% 10.6% 15.4%

American IPA and DIPA

The two most notable results came from the American IPA and the
DIPA as expected, both beers showing high initial starch which drops as
fermentable sugars increase. As shown in Figures 1 and 2 the American
IPA has a starch concentration beginning around 2 g/L and dropping
to a level of around 1.5 g/L, this drop is exaggerated in the DIPA with a
drop from around 1.8 g/L to just over 0.5 g/L.

Figure 1. American IPA Sugar Vs Starch
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Figure 2. DIPA Sugar Vs Starch
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The fermentable sugar concentration looks slightly more variable with
aninitial drop in value followed by a peak, this can be explained by yeast
being roused back into suspension from circulation of the hop rocket
and absorbing some of this sugar. The peakin sugar concentration could
come either from the diastatic power of hops on the residual starch or
from the addition of fermentable sugars in the hops themselves.

Session IPA

As mentioned previously, the Session IPA was dry-hopped prior to
initiating the hop rocket and as can be seen in Figure 3 the starch
does not exhibit a drop in concentration, there is however a slight
rise in sugar concentration. This may be due to the initial dry-hopping
breaking down all of the simple starch and leaving only complex starch
molecules, meaning that the second dry-hopping by hop rocket could
not break down any more starch, but could add some sugar.

Figure 3. Session IPA Sugar Vs Starch
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Effect of Dry-hopping on ABV

It is clear to see in Figure 1 and 2 that hops are having a demonstrable
effect on starch reduction and sugar production, which ultimately will
lead to further fermentation in the beer — potentially giving a higher
ABV than expected in the finished/packaged beer compared to during
dry-hopping.

Table 2. ABV During Dry-Hop Vs Packaged Beer

Sample ABV during DH | ABV Packaged Beer | Increase
Session IPA 4.1 (+0.1) 4.2 +0.1
American IPA 5.1(x0.1) 5.7 +0.6
DIPA 9.0 (+0.1) 9.9% +0.9
*ABV confirmed by distillation and Density meter as 9.99%

Apart from the natural variation of ABV on the BeerlLab (+0.1) there
was no significant increase in ABV during the dry-hopping, however as
can be seen in Table 2 there is an increase in ABV value in the finished,
packaged beer. The increase for the Session IPA is negligible, however
for the American IPA and the DIPA there is a significant jump in ABYV,
which correlates with the Sugar Vs Starch graphs above.

To confirm accuracy of the finished beer results, the DIPA was tested by
distillation and Density meter giving a result of 9.99% ABV.

Conclusion

It is apparent that the addition of dry-hops to a beer at the end of
natural fermentation will contribute to a reduction in residual starch
and an increase of fermentable sugars. This can be explained by two
effects; diastatic enzyme activity present in the hops, breaking down
starch into fermentable sugars; contribution of fermentable sugars
from the hops themselves.

By increasing fermentable sugars near the end of fermentation,
yeast will continue to ferment beyond when the brewer believes
fermentation has finished, causing an increase in ABV, which may not
be accounted for with gravity readings.
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The importance of proper yeast recovery

CDR Paper 1804

Methods for determining the quantity of live cells (viability) and their vitality

Simone Bellassai Chemist - Enologist and Food&Beverage analysis expert at CDR — Lisa Mearelli Researcher at CDR Chemical Lab

“Francesco Bonicolini”

During the fermentation phase of the beer
production process, the action of vyeast is
essential for the transformation of sugars
and amino acids in must into alcohol.

The addition of yeast is essential when looking to
achieve optimal fermentation, because yeast is
naturally present in raw materials and is fully
denatured during the crushing phase.

Why reuse yeast

Yeast is a raw material which must be purchased.
The cost of yeast increases in reverse proportion
compared to the quantity of beer being
produced. Therefore, and particularly in the
production of craft beer, purchasing yeast
significantly affects production costs and some
brewers reuse yeast in order to cut costs.

The re-usage of yeast may also result in better
and more interesting types of beer.

Indeed, given the chance, yeast reproduces
several times and evolves into a population of
cells that is actually "different" from the one used
in the initial inoculation, resulting in significant
changes to the beer's organoleptic qualities, with
excellent results.

How to obtain yeast suitable for reuse

In order to obtain yeast suitable for reuse, it is
necessary to recover fermentation residue which
deposits on the bottom of the vat (slurry),
containing yeast, coagulated proteins, hop
remains and impurities removed from beer must
during the fermentation process.

Two procedures are used for the -effective
removal of all impurities from yeast, once the

& FOODLAB
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slurry is separated from beer must: rinsing and
washing.

In rinsing, yeast cells are freed from hop residue,
coagulated proteins and remaining impurities.
This is thanks to the dilution of the residue with
water exploiting the different weight of slurry
components.

In washing, acid or other similar chemical
compounds are used to reduce the number of
active lactic bacteria normally present in a
recovered yeast sample thus presenting a serious
threat to beer must, even before fermentation
has begun. The acid washing procedure has
different effects on various yeast strains and it
may even reduce performance.

A yeast ready for immediate use

In addition to previously mentioned positive
aspects in terms of cost reduction and improved
beer quality, the yeast recovery, renewal and
reuse process also presents advantages in terms
of the condition of yeast after recovery. For
preservation purposes, commercial yeasts are
dried so they require rehydration for a few hours
before resuming metabolic activity. Yeasts
recycled from previous processes are already
hydrated and above all, they are active, ready to
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resume their metabolic state as soon as they
come into contact with a suitable substrate.

Attention to the efficiency of recovered cells

The reuse of yeasts requires particular attention
to recovered cell efficiency, in order to ascertain
just how much sediment is required to achieve
suitable fermentation for the type of beer you
are looking to produce.

Indeed sediment contains live yeasts, ready for
use, as well as dead or dying yeasts which are no
longer usable and make up what is essentially
waste material. It is not actually possible to
ascertain the ratio of both types of yeast cells.

Live cell count, or viability

Determining viability, the number of live cells in
yeast sediment available for reuse, is a solution
to this problem.

Correct fermentation requires a viability of no
less than 90%, although some brewers do use
samples below this threshold, compensating for a
lack of vital cells by adding a greater quantity of
recovered yeast.

This may indeed be a winning strategy, but it can
also cause problems during fermentation. The
overall health of inoculated yeast cells may be so
poor as to preclude successful fermentation,
resulting in unpleasant aromas and undesirable
characteristics for the beer, such as pronounced
acidity or unexpected flavours.

This happens because increasing the quantity of
reused yeast added to must may also result in the
addition of dead or dying cells (as of now it is not
possible to separate them from live ones), which
negatively affects beer characteristics.

Increasing the percentage of dead cells compared
to live ones may also prolong fermentation time,
leaving beer exposed to a greater quantity of
polluting agents.

Yeast Vitality

In order to resolve these issues, it is important to
assess recovered yeast in terms of VITALITY.

& FOODLAB
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Vitality analysis indicates yeast cell health,
enabling us to ascertain to what extent cells are
capable of feeding and reproducing so that
alcoholic fermentation can take place. In short,
Vitality is a parameter which measures the
metabolic activity of yeast. If yeast is healthy,
strong and ready for fermentation, then the
sample is said to have a high level of vitality. This
parameter is crucial because it is indicates
fermentation potential.

A sample of recovered yeast in an excellent state
of health presents a vitality level in the range of 2
to 2.7.

To date, methods recognised and used for testing
viability and vitality are based on three general
principles: loss of yeast cell replication capability,
loss of metabolic activity and cell damage.

The method currently used for measuring
viability is based on vital colourants, like
methylene blue: yeast cell wall integrity is
measured according to impermeability to the
colourant. Cells are checked under an optical
microscope in a successive phase: a lack of colour
indicates good viability.

The recognised method for testing vitality, the
acidification power test (AP TEST), is based on pH
changes to the solution containing the yeast
being tested. Here follows a description of the
procedure:

1. Calibrate the pH-meter before taking
each series of readings;

2. Adjust pH of deionised water to 6.5;

3. Pour 15 ml of deionised sterile water into
a conical 50 ml centrifuge test tube
containing a conical stirrer;

4. Monitor water pH while shaking the test
tube for approximately 5 minutes;

5. After five minutes measure and record
pH value (APO) and add 5 ml of pre-
washed and concentrated recovered
yeast residue (1x10°cells/ml) to the
centrifuge test tube.
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6. Shake for 10 minutes and record pH
value (AP10);

7. Immediately add 5 ml of 20% glucose
solution;

8. Shake for 10 minutes and measure final
pH value (AP20); Acidification power is
obtained by calculating the difference
between AP20 and AP10 values;

9. Repeat the entire procedure twice more
to confirm results.

It is obvious from reading the AP TEST procedure
that this method requires specific equipment
which can only be found in a well-equipped
laboratory, as well as trained personnel. It is
labour intensive and time-consuming.

This test requires a lot of equipment, including a
pH-meter, which must be calibrated and
thoroughly cleaned every single time before use,
not to mention meticulous and extensive
maintenance operations.

Breweries are unlikely to have all of this, which is
why they often turn to external chemical
laboratories, inevitably incurring costs, in order to
check whether they can reuse yeast recovered
from previous processes.

This is why CDR has developed an alternative to
the AP test, for an altogether simpler and faster
analysis procedure, based on the same chemical-
physical principle.

Determining vitality using the CDR BeerlLab®
method

The test developed by CDR involves assessing pH
variation of the solution to which the vyeast
sample is added, with the use of reagents
containing chromogenic beer substances. This
chromogenic substance changes colour when pH
varies, thus enabling the measurement of pH by
means of Spectrophotometric readings taken
using the CDR BeerlLab® system.
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CDR BeerLab’ provides test results in Acidification
Power, thanks to the calibration curves it is
equipped with.

Unlike the AP test, the CDR method does not
require any calibration or use of specialised
laboratory personnel. Test tubes are pre-filled
with reagents in required quantities, ready for
use. The result is obtained by simple photometer
readings.

Correlated with the Acidification Power test

The CDR method ensures an optimal level of
correlation with the recognised method for
measuring vitality, the Acidification Power test, as
established by the international laboratory of
reference, Campden BRI.

Below is a calibration curve of measured results
obtained using the CDR method and those
obtained using the Acidification power method
from Campden BRI laboratory.
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In the study carried out by the reference
institute, 5 slurry samples were triple analysed
using the CDR BeerLab® and the reference
method, in order to assess the performance of
the CDR BeerLab® method.

The Campden BRI study established that for the
determination of yeast vitality, CDR BeerlLab®
results are comparable to those obtained using
the reference method (correlation R? = 0.90),
confirming that the CDR BeerLab® method is
precise and repeatable.
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Conclusions

The reuse of yeast is useful as it enables
considerable savings and can actually improve
the organoleptic properties of beer.

When reusing yeasts it is important to pay close
attention to recovered cell efficiency, which is
why determining viability is so useful.

However, counting cells or determining viability is
not sufficient for determining whether recovered
substrate cells are capable of enabling alcoholic
fermentation.

Therefore, yeast vitality must be determined.

The procedure for determining this parameter
according to the recognised method, the
acidification power test (AP TEST), is laborious
and time consuming, it requires specific
equipment requiring regular calibration, or which
is only available in well-equipped chemistry
laboratories used by trained personnel.

This is why the CDR Beerlab® has been developed
for determining vitality. This method does not
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require any

calibration or use

of personnel

— f h : ;‘* specialised in
laboratory

— techniques.  Test

tubes are pre-filled
with reagents in
required quantities, ready for use. The result is
obtained by simple photometer readings.

The method is strongly correlated with the AP
TEST, as established by the study carried out by
the international reference laboratory Campden
BRI, and provides results in acidification power.

Therefore the CDR BeerLab® method for
determining is simple to use, provides rapid
results, is reliable and usable by any operator
directly at the brewery on the production line.
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The aroma of butter having the name of diacetyl!

What is the diacetyl taste? It’s butterscotch-like, a hard yellowish-brown sweet made from

butter and brown sugar.

Dr. Emanuela Pascale

Research fellow at Department of Chemistry Universita degli Studi di Firenze

Diacetyl

Diacetyl is a compound so-called vicinal diketone
(VDK) because it has two C=0 groups, side-by-
side. It's a product of yeast metabolism and it's
formed in every brewery fermentation.

Diacetyl is a volatile compound whose buttery
character plays an important role in beers giving
them a typical flavour.

The amount of diacetyl produced is yeast strain-
dependent but wort composition and fermentation
conditions, as well as temperature, are also
significant parameters to overall diacetyl levels.
Homebrewed beers can have diacetyl levels from
0.05 to greater than 1.0 mg/L, but the desired level
in the final beer depends on the particular flavour
aimed for. In fact diacetyl concentrations above
0,05 mg/L can be perceived as a negative flavour
characteristic in some “lager” (a type of beer
conditioned at low  temperature), while
concentrations about 1 mg/L are allowed in “ale” (a
type of beer brewed using a warm
fermentation method), in order to balance the
peculiar full-bodied and fruity taste of ale beers.
Sometimes, diacetyl can also be formed by a
bacterial contamination but this is an uncommon
event, since breweries have invested in cleaning

and sanitization care.
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Fermentation process and yeast

metabolism

Diacetyl is an organic compound and it is generated
as a by-product of amino acid metabolism in yeast
during wort fermentation.

Yeast metabolism is a complex process which
involves the formation of by-products.

In general, these by-products are used in the
metabolic pathway, but sometimes, in particular
conditions, they can leak out of the yeast cell and
have an effect on the organoleptic profile of the
finished beer.

In particular, one of the metabolic products of
yeast, belonging to diacetyl synthesis is
acetolactate: it is derived from pyruvates, useful
for the synthesis of aminoacids. Part of the
acetolactate produced becomes valine, and part
leaks out of the yeast cell membrane and ends up

into beer, this acetolactate is then chemically
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converted to diacetyl in the beer by an oxidation
reaction.

The production of acetolactate continues
throughout the sugar fermentation process, until it
stops.

Yeast is able to consume the diacetyl produced, and
reduce it: as yeast slows down in fermentation and
beer undergoes a maturation process, yeast
reabsorbs diacetyl and convert it to acetoin and
subsequently to 2,3-butanediol. Both acetoin and
2,3-butanediol can escape the cell, but neither
contribute much in terms of flavour.

It's important to provide sufficient maturation time
for diacetyl reduction in the beer which depends on
the conversion speed into acetoin and 2,3-
butanediol. Furthermore, the health of yeasts
should be evaluated. In fact yeasts stored for a
long time, at unsuitable temperatures, or yeasts
that do not have adequate nutritional availability
during fermentation, are less efficient in the
process of diacetyl reduction compared to yeasts in

optimal physiological conditions.

Temperature

At the end of fermentation, the increase in
temperature of a few degrees promotes the yeast
metabolic activity, as well as the diacetyl reduction:
this method is commonly known as a "“diacetyl
rest”. Depending on the yeast strain, this process
can be variable in terms of time and temperature.
After the “diacetyl rest”, the temperature is then
lowered to a conditioning temperature following
diacetyl reduction. Generally, the cooling step does

not start until the analytical tests indicate a diacetyl
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not increase thereafter, particularly during

pasteurization process.

Determination of diacetyl
Performing the analysis for the determination of
diacetyl is essential to achieve an improvement in
the production process, management and finally
the conservation of the product. It is also important
that not only breweries, but also beer lovers
identify and enhance the product, when peculiar
organoleptic markers, such as diacetyl, can
represent an element of uniqueness, rather than a
real flaw.
CDR BeerLab® is an analysis system able to
determine with a single instrument all the most
important chemical parameters of beer, wort and
water, including also diacetyl, relying on the
reference method.

The sample of beer

to be analyzed is

S JEae previously distilled.
— The VDKs contained
-H

—— gy ® in the distillate react
@Y BEERLab

alpha-naphthol and creatine to produce a colored

with a solution of

compound which absorbs at 520 nm. The
absorbance is measured, which is proportional to
the analyte concentration.

The CDR BeerLab® method for the determinationd
od VDKs is strongly correlated with the reference

method, as established by the study carried out by

the international reference laboratory Campden
BRI.

CDR BeerLab® analysis system has available

reagents into disposable tubes, in order to make
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easier both the analytical procedures and the
sample preparation, ensuring standards of
accuracy are in line with the reference methods.

CDR BeerLab® can be used by anyone directly in
the brewery allowing one to check the brewing
process in real time and to make prompt decisions

improving the quality of the finished product.

Conclusions

Monitoring VDKs during fermentation allows one to
closely follow the phases of yeast metabolism and
to verify the diacetyl level, which enhances the
specific organoleptic characteristics for each type
of beer.

Using a fast and simple system, such as the

CDR BeerLab®, one is able to check the brewing

CDR Paper 1802

process while in the brewery. Thus eliminating the
need of an outside lab. Conveniently improving the
quality of the finished product while saving time

and money.
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20



CDR BeerLab’: The Effect of Late and Dry-Hopping on IBU Value

Introduction

Over the years, a number of different analytical techniques have been
employed by the brewer in order to monitor the process of brewing such as
pH, density, microscopy etc. More recently, UV/Vis spectrophotometry has
been used to determine the bitterness of beer, giving a value to bitterness
called International Bittering Units (IBUs) — values of which are typically
between 0 —100. By having a measurable number associated to bitterness,
micro-breweries can track the consistency of their brewing batch-to-batch
as well as ensuring that they are brewing to specification.

The distinctive bitterness in beer is achieved from the hops added to boiling
wort during the brewing process, where compounds in the hop leaf called
alpha-acids (primarily humulone) undergo isomerisation to produce iso-a-
acids (isohumulone) as shown in Figure 1. By using spectrophotometry, the
absorbance of an extracted beer sample taken at 275 nm can be converted
to give you the IBU value (which is roughly the concentration of iso-a-acids
in ppm).

This traditional method for measuring bitterness often requires a
laboratory with a laboratory technician, UV/Vis spectrophotometer, water
bath, glassware, solvents etc. and can take anywhere from 15— 30 minutes.
Using the Beerlab, the bitterness of a beer sample can be recorded in
approximately 6 or 7 minutes and can be performed by anyone.

A recent article published in the MBAA Technical Quarterly by Maye,
Smith and Leker! demonstrated that over time, there was a formation
of humulinones (see Figure 1) in Hops and Hop Pellets from oxidation of
humulones, which had also been found in beers that had been dry-hopped.

Isohumulone

Humulinone

Figure 1: Formation of Humulinones

Maye et al showed that humulinone is around two thirds as bitter as
isohumulones and as such contributed to the final bitterness of dry-
hopped beers. The chemical structure of humulinone is very similar to that
of isohumulone, apart from the functional groups as highlighted in red and
green (Figure 1) and because of this, the absorbance at 275 nm is also very
similar — meaning that humulinone contributes to measured IBUs.

Taking all of this into account, it is easy to see (contrary to popular belief)
that dry-hopping can and does contribute to the bitterness of beer.

Project

Established in 2011, Hackney Brewerys beers are a mix of modern
and traditional styles. From starting as a cask ale brewery the
product range has expanded to embrace kegged, bottled and latterly
canned beers. UK malt and hops are used, as well as ingredients
from the USA, New Zealand and Europe, all traceable back to source.

The brewhouse uses 100% green energy that comes from windmills,
keeping the carbon footprint as small as possible, and energy recapture
technology reclaims heat that would otherwise be lost during the brew.

Excess transfer water is saved during cleaning and local farmers collect
spent grain for animal feed. The brewery champions the London Living
Wage scheme and is actively involved in local community charities.

The aim of this project was to use the BeerLab to measure the IBU value of
two Hackney beers during late-hop additions (hops added right at the end
of the wort boil) and during dry-hopping (hops added during fermentation)
with a final IBU measurement taken on the finished product. It was thought
that the study would give a number of IBUs that could be picked up from
late-hopping and subsequently a number of IBUs that would be picked up
during dry-hopping, to ultimately provide a rough late/dry-hop ‘utilisation’
that could be applied to different recipes when brewing to specification.

Results

For the study, a wort sample was taken before any late-hop additions and
cooled to room temperature before the bitterness was analysed using
the BeerLab. At the end of boil, the wort was chilled to 80°C before being
transferred to the FV. During this time a sample was taken from the copper
every 5 minutes and bitterness analysed on the BeerLab. During transfer to
the FV, a sample was taken from the FV every 15 minutes and bitterness
analysed on the BeerLab. After transfer to the FV, yeast was added and
a sample was analysed for bitterness before and after each dry-hopping,
with a final sample taken for analysis from the finished packaged product.

Kapow!

The first beer analysed was Hackney Kapow! A beer with no traditional
bittering as no hops are added during the wort boil, all bitterness and hop
character in the beer comes from late/dry-hopping. It came as no surprise
that before any late-hop addition at Time X (see Figure 2) there were 0
IBUs, similarly when the first late-hop addition was added Time O there
were also 0 IBUs.

Kapow!
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Figure 2: Kapow!

From the end of boil, right through to the end of transfer into the FV it is
clear to see that there is a steady increase in IBU value as the wort in the
copper remains in contact with the late addition hops, picking up 55 IBUs
of bitterness.

21



After the transfer to FV, yeast is added and 3 days later a sample was
analysed for bitterness prior to the first dry-hop addition, showing the
IBU value had dropped during fermentation. This is due to iso-alpha-acids
(which are not particularly soluble in water) ‘sticking’ to the yeast and
dropping out of the beer, which is further aided by the drop in pH that is
accompanied by fermentation.

Figure 2 shows that a sample was analysed for bitterness before the 1st,
2nd, and 3rd dry-hop additions again demonstrating a rise in IBU value,
however, this time the fermenting beer is at around 18°C. This suggests
that the increase in 20 IBU achieved during dry-hopping could not come
from iso-alpha-acids (as this would require heat) and instead has come
from other hop constituents such as humulinones, as mentioned above.

Hop additions and the Alpha-acid content for this batch of Kapow! is shown
in Figure 3 below.

1%t Late-Hop | 2" Late-Hop Dry-Hop | Alpha-Acid
Hop 1 0.55 Kg - - 14.6 %
Hop 2 1.25Kg 3.75Kg 5.00 Kg 8.5%
Hop 3 - - 5.00 Kg 10.5%

Figure 5: Hop additions - APA

1%t Late-Hop | 2" Late-Hop Dry-Hop | Alpha-Acid
Hop 1 1.25Kg 1.25Kg 6.00 Kg 11.6 %
Hop 2 1.25Kg 1.25Kg 5.00 Kg 9.6 %
Hop 3 1.00 Kg 4.00 Kg 6.00 Kg 14.5 %

Figure 3: Hop additions - Kapow!

As you can see 10Kg of late-addition hops contributed to an initial 55 IBUs
and when using late-hop timings as ‘boil time’ in the Brewer’s Friend IBU
calculator?, this should only achieve 42 IBUs at full boil. Further to this 17Kg
of dry-hop additions added 22 IBUs at fermentation temperatures bringing
the final bitterness of Kapow! to 62 IBU.

APA

The second Beer chosen for analysis was Hackney APA. This beer does
contain some traditional bittering with two hop additions during the boil to
give an IBU target of around 20 IBU.

As expected, the starting measured bitterness at time X is 20 IBU, followed
by a slight increase at Time 0 and 5 minutes after the end of the boil. At
this point in sampling, hop leaves from the initial bittering started to block
the sampling tap, causing the sample to flow out of the tap very slowly and
over a high concentration of hop leaves. This ultimately led to the false high
results seen throughout the period of sampling direct from the copper. It
isimportant to highlight sampling integrity here as any samples taken with
high hop-leaf content or blocked sample taps can cause erroneous results.

The samples taken from Time 40 to 120 were directly taken from the FV
during transfer from the copper, avoiding the issue with a blocked sampling
tap and producing similar results to those seen in Kapow! with a steady
increase in IBUs from 22 to 27.5.
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Figure 4: APA

Once again, addition of yeast and 3 days fermentation saw a drop in IBU
to 24, but after a second day of dry-hopping the IBUs rose to 31.5 in the
finished packaged product. Hop additions and the Alpha-acid content for
this batch of APA is shown in Figure 5.
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When looking at these figures, 1.80 Kg of boil hops contribute to the 20
IBU starting point as expected, however it is difficult to see the effect of
the late-hop addition due to the blocked sample tap. We do see a slight
increase from 21 to 27 IBUs during the transfer to FV, which would most
likely have come from the late-hop addition. In this case, 10 Kg of dry-hop
addition has given rise to an IBU increase of around 7 IBUs, which when
comparing to the Kapow! is less than half the IBUs per weight of hops, but
could be attributed to a lower Alpha-acid content of the hops used in APA
compared to Kapow!.

Conclusion

Hops are traditionally added to boiling wort during the brewing process to
convert humulones to isohumulones, adding bitterness and producing a
balance to the naturally sweet flavour of wort. Modern styles of beer have
seen an increase in hops added at different stages of the brewing process,
including at the end of the wort boil (late-hopping) and near the end of
fermentation (dry-hopping). It has been thought that late-hopping and
dry-hopping do not contribute to IBUs in beer, however, using the BeerLab
Hackney has been able to conduct an investigation into this without the
need for a chemical laboratory. We have demonstrated a considerable
increase in IBU value from both late and dry-hopping suggesting that
alternative compounds present in hops (such as humulinone) do in fact
contribute to the IBU value during the brewing process.
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Analysis of Mashing in the Brewery

Introduction

The brewing process can generally be defined as 4 key steps; Mashing
malted barley (possibly with other cereal additions), boiling and bittering
of the resulting sweet wort, fermentation of the boiled wort and then
conditioning of the resulting beer before packaging. All of these steps are
important in producing great beer; however they are all redundant without
a well-executed mash. In this process, the malted barley is steeped in hot
water for approximately an hour in order to activate certain enzymes that
break down the complex starches of the grain to fermentable sugars.

The end-point of the mash process is not typically measured in the
microbrewery; however specific gravity will usually be taken after
transferring the sweet wort into the copper to ensure that the mash has
produced the desired amount of sugar for the style of beer.

Project

The Long Man Brewery is situated on Church Farm in Litlington. Based in
the South Downs National Park it prides itself on producing fine Sussex
Ales with the core aim of environmental sustainability. This is achieved in
almost all processes of the brewery from growing the barley used in the
beer, sourcing the water from a bore hole on the farm and powering the
Brewhouse using a bank of 100 solar panels.
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The aim of this project was to run an analysis of the mash process using
the BeerlLab across 3 styles of Long Man beer with a view that it may be
possible to reduce the mashing time and improve process efficiency. The
study looked into the production of fermentable sugars versus starch
alongside measurements of pH and temperature as well as free amino
nitrogen (FAN). The idea was to show that in a couple of hours of sampling
and analysis we could demonstrate what is happening in the mash tun in
terms of sugar production from the mashing enzymes and its correlation
with pH and temperature changes (if any).

Results

Best Bitter

The first mash tested was for the Long Man Best Bitter, the process involved
mashingin with a strike temperature of 73°C (which took 20 minutes), mixing
the mash and starting the timer. A sample from the mash tun was taken
using a wort sampler from the same spot in the mash every 10 minutes,
with a sample being taken at minute 0 (immediately after mashing in had
finished). Once the sample had been taken it was immediately chilled in
ice water to halt the mash process and prevent further fermentable sugar
production.

As you can see from Figure 1, the Best Bitter gave exactly the kind of results
that we were expecting. The sugar and starch gradually increase in the first
10 minutes of the mash as they are both dissolving in the wort and then
when the enzyme activity reaches its peak the starch concentration drops
at 20 minutes whereas sugar continues to rise. From 20 minutes up to the
point of sparging, the fermentable sugars appear to reach a plateau where
the maximum concentration of sugar is reached for this particular recipe
— the starch however, gradually increases (complex starch that cannot be
broken down by mashing enzymes will dissolve into the wort).
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Figure 1: Best Bitter - Sugar & Starch vs Time

If the main purpose of the mash process is to convert starches in the barley
grain to fermentable sugars, then it could be argued that the Best Bitter
mash would be finished after just 20 minutes.

When looking into how the Best Bitter produced such a successful mash, it
is can be easily attributable to the correlation of temperature and pH with
respect to enzyme activity. Figure 2 shows the temperature and pH of the
mash samples from the ‘Start’ of the process at minute 0 to the ‘Finish’
of the process at minute 60. On the graph are the activity regions of two
enzymes — a-amylase and B-amylase, which are both key in the reduction
of starch to sugar and the Best Bitter mash spends the majority of the time
sitting directly in the activity regions of both enzymes.
n-amvlan]

66
i R
Best Bitter

65\ }'-_--.._\

64

Start

¥ 62
61
&0
59
58 \ /.. L . -

5.25 5.30 5.35 5.40 5.45 5.50 5.55 5.60 5.65
pH
Figure 2: Best Bitter - pH vs Temperature
Long Blonde

The second mash tested was the Long Man Long Blonde, the same sampling
procedure was followed as with the Best Bitter — taking a sample every 10
minutes, with a sample being taken at minute 0 through to the start of
sparging at 60 minutes and after sparging had finished.

160 - 140
150 Long Blonde
0 1,20
130
120
110 A
100
o %0 080 _
i 5
70 i
—+—Fermentable Sugars (g/L} 0.60
60 | —m-starch (g/L)
A - 040
40
30
20 0.20
10
4] 0.00
0 Mins 10 Mins 20 Mins 30 Mins 40 Mins 60 Mins.  Post Sparge
Time (Sparge Start]

Figure 3: Long Blonde - Sugar & Starch vs Time
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The results shown in Figure 3 depict a clear difference between the mash
for the Long Blonde when compared to the mash for the Best Bitter. The
mash for the Long Blonde showed a similar rise in sugars and starch as with
the best bitter, however this was followed by a drop in starch (as it was
broken down by enzymes). This was accompanied by a drop in sugar and
then a subsequent rise in starch.

On the day of brewing the Long Blonde, it is important to note that the
temperature of the mash tun was particularly unstable, starting at around
65°C but very quickly dropping to 62°C before rising and stabilising at
around 63°C. Again, looking at the pH/temperature profile of the mash
in Figure 4, it appears that with the temperature variance of the mash
tun there was also a significant increase in pH, which holds the mash
outside of the optimum enzyme activity areas for a large period of the

mash.
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Figure 4: Long Blonde - pH vs Temperature

When comparing Figure 3 and Figure 4, the time that the mash spent
outside optimum enzyme activity parameters correlates well with a drop
in sugar concentration and a spike in starch concentration. Further to this
the mash finishes well within favourable pH/temperature conditions for
B-amylase, bringing the sugar concentration back up at minute 60 and
dropping the concentration of starch.

APA

The last mash analysis was on the Long Man APA, once again following
the same sampling procedure every 10 minutes from minute O, through
to minute 60 at the start of sparging and a sample taken at the end of
sparging.

This mash was much more similar to the Best Bitter, as shown in Figure
5, with the fermentable sugars taking slightly longer to reach the highest
concentration for this particular recipe. The concentration of starch for
this mash started much higher than in the previous 2 examples, which can
be attributed to the temperature and pH beginning slightly outside the
optimum enzyme activity areas when looking at Figure 6.
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Figure 5: APA - Sugar & Starch vs Time

Following this, the starch declines as it is broken down by a-amylase
and B-amylase and then increases as the sugar reaches a maximum
concentration, as is also seen in the Best Bitter, Figure 1.
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Conclusion

By using the BeerLab it was possible to analyse the mash process of 3 styles
of beer in terms of fermentable sugars, starch, pH, and FAN, providing
results in under an hour with the view that it may be possible to improve
brewing efficiency by cutting down the mash time. Our analysis showed
good correlation between the production of fermentable sugars and the
optimum pH and temperature of the starch digesting enzymes a-amylase
and B-amylase, which also saw the reduction of starch.

A sample of each beer was taken post-boil and tested for FAN showing that
2 out of the 3 beers were on the lower end of the recommended nitrogen
limits for healthy yeast growth. By knowing the FAN content of each brew,
yeast nutrient can be adjusted to ensure healthy yeast-growth, avoiding
stuck fermentations — saving time and yeast.

The results for fermentable sugars and starch from the Best Bitter give
the greatest example of how it may be possible to shorten the mash time,
freeing up approximately 15 minutes per brew and improving efficiency in
the brewery. Adding to this data by running further analysis of each brew
using the BeerLab will illustrate any day-to-day variations with the sugar
production in each mash, making it easier to action these time savings.
When Long Man is brewing twice a day, this could free up an extra 30
minutes a day, valuable time when the working day begins at 4am.
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The “silent” importance of water in beer production

Simone Bellassai Chemist - Enologist and Food&Beverage analysis expert at CDR — Laura Giannelli Researcher at CDR Chemical Lab

“Francesco Bonicolini”

Introduction

Although the influence of water with respect to
the characteristics of the finished product may
appear to be of little importance to an
inexperienced consumer, from a production point
of view, the choice and treatment of water are
elements of primary importance in defining the
organoleptic characteristics.

In fact, the chemical composition of the water
not only directly affects the taste of the drink, as
sweeter or bitterer taste, but also acts
significantly on the series of biochemical
reactions that take place during the
manufacturing process, involving all the other
ingredients used.

After all, it could not be otherwise considering
that water constitutes the main matrix of beer,
resulting in proportions from 80 to 90% of the

production mix.

The past and the present

From a historical point of view, water has
determined many of the characteristics that beer
styles continue to have, if not also the possibility
for a place to produce beer or not.

Every city and every village, in the past as today,
has different waters, hard or soft, with a different
concentration of calcium and other features.
These characteristics forced the brewers of
different places of the world to adapt the recipes
and production processes to what the area could
offer.

In other words, water is one of the main links
that beer has had in the past with its territory.
Unlike hops and malts that could travel in ancient
times, water could not be transported, making it
mandatory to manage its characteristics locally.

Nevertheless, if water could not travel, it could
make travel, so the presence of important
waterways near some beer sites allowed the
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rapid spread of many styles all over different
countries.

Nowadays, water treatment technologies and
improved control methods during the whole
production process allow producers to always
obtain water with an ideal composition. This is
surely an advantage in particular for breweries
that have more establishments and that are thus
able to produce beer of the same quality
everywhere.

From the cost effectiveness point of view also, an
unsuitable brewing water quality not only affects
the taste, but also interferes with the brewing
process and thus increases the production costs.

Regulatory aspects

The mandatory prerogative for beer production is
the use of drinkable water, microbiologically
pure, as ingredient for making beer, according to
the provisions of current regulation.

This does not oblige producers to use water from
aqueducts and does not imply that it cannot be
drawn from source water, as it happens for
historical breweries, but it is necessary that the
water is guaranteed as drinkable through
periodic chemical - physical and microbiological
analyses, or through the use of purification
treatments.

Currently the most used method for water
treatment is its demineralization by using
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chemical filters, and then the gradually
reintroduction of ions and salts in the desired
proportion.

Main parameters of water directly involved in
beer quality

Alkalinity of water is the most important
parameter that beer producers have to consider,
as directly involved in the mashing step and in all
those final sensory qualities that feature a beer.
From the chemical point of view, total alkalinity is
defined as the concentration of strong acid,
measured in milliequivalents per litre, needed to
convert bicarbonate or carbonate in the sample
in carbon dioxide at a pH of 4.3.

Generally speaking, the most common directives
state that water alkalinity should be as low as
possible.

Calcium ion is the other main parameter that
needs to be considered for beer production. It
acts as cofactor for the enzymes involved in the
mashing phase, and its addiction may be
necessary to assure the proper enzymatic activity
for mashes in water that is naturally low in this
ion, moreover it lowers the pH in order to obtain
a solid trub at the end of the whirlpool phase and
to allow the yeast flocculation at the end of
fermentation process. Too high concentration of
Calcium, over 250 ppm, can inhibit magnesium
uptake by the yeast and may impair fermentation
performance.

It is remarkably flavourless. It is widely approved
that calcium level should be at least 50 ppm.

High quantity of bicarbonate can affect the pH,
avoiding its decreasing, Moreover, as this ion
interacts with iso- and alfa- acids obtained by the
addiction of hop, its high concentration can be
responsible of an undesired astringent tasting
note.

Sulfate level contributes to bitter and dry taste of
a beer. At concentration over 400 ppm the
resulting bitterness can become astringent and
unpleasant, also due to the development of
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sulfur dioxide and hydrogen sulfide can create
unpleasant smells of the product.

Magnesium ion plays and important role in
fermentation, especially favouring yeast
reproduction, being an important yeast nutrient
for yeast pyruvate decarboxylase metabolism,
and it should be present in the worth at a
minimum level of 5 ppm. On the other hand, too
high quantities may be responsible of an acid and
bitter unpleasant taste.

Zinc ion promotes yeast metabolism and it can be
added as nutrient during the boiling phase of the
wort, its recommended levels for optimum
fermentation are 0.1-0.5 ppm. On the contrary,
higher concentration can cause over-activity and
off-flavours in beer.

Fullness and stability of a beer benefit from the
presence of chloride, even if levels greater than
250 ppm in most beers tastes pasty or salty and
levels greater than 300 ppm may affect yeast
health.

Potassium is another important ion in the beer
production process. Wort and beer have a
relatively high natural concentration of
potassium (300-500 ppm), contributed by the
malt.

Some examples

As already said, the taste of some beers is unique
and immediately recognizable, and one of the
main responsible of them is just the water used for
production.

If Pilsner beer has to thank Plzen water for its
famous sweetness, Stout beers are the result of
Dublin hard water, as Pale Ale are definitely linked
to Burton-on-Trent water, rich of calcium and
sulfate.

In this table, the different ions content of some of
the most famous locations for beer production in
Europe are briefly summarized.
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Data in mg/L Calcium Magnesium
Burton 295 45

Dublino 115 4

Londra 90 5

Monaco 75 20

Sulfate Bicarbonate Chloride
725 300 25

55 200 19

40 125 20

10 200 2

How the brewery can monitor water
parameters during beer production process

Conventional methods

Conventionally analyses on water parameters
have to be managed by specialized technicians,
responsible of using, calibrating and maintaining
on a series of instrumentation and tools
dedicated to them.

If quite only big establishments can have internal
labs, the most of the breweries rely on external
labs, that is easier for what the internal
organization is concerned, but usually analysis
cost is expensive and mostly, results are forcedly
delayed, when brewer should has immediate
answers in order to take the best decision during
a specific step of the production.

Considering the total alkalinity of water, the
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importance of which has been already discussed,
it is conventionally determined by potentiometric
titration.

This method needs to be carried out by specialized
personnel, with the employment of lab tools as
glassware, weight scales and personal protective
equipment.
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Sample is typically titrated using methyl orange
indicator, which has a color range of 3.2-4.4 pH,
although its color change that determines the 4.3
pH endpoint is said to be subtle and difficult to
observe accurately.

That’s why the current ISO standard specifies the
use of bromocresol green-methyl red indicator
solution with the endpoint defined as 4.5 pH.

In case of metallic ions their detection is usually
performed by using complex techniques as AAS
(Atomic Absorption Spectroscopy), ICP-MS
(Inductively Coupled Plasma Emission Mass
Spectroscopy) or IPC-OES (Optical Emission
Spectroscopy) and the only option for brewery is
to refer to a specialized laboratory.

Briefly, AAS is cheaper and more accurate in
comparison with ICP techniques that are less
accurate, more expensive but faster and able to
detect more parameters at the same time,
anyway both methods remain very time
consuming, need specialized personnel for being
carried out and their application real time during
the different phases of beer production is quite
impossible.

CDR BeerLab®” method and main advantages

By comparing the detection of the same
parameters with CDR BeerlLab’, it is evidently
easier and faster, although guarantying the same
accuracy because perfectly correlated to
respective reference methods and optimized to
be applied on this system.

CDR Beerlab’ is a complete system, composed of
analyzer and dedicated reagents.

Instrument reading principle is the photometric
technology, based on LED emitters, that does not
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require periodical calibration, is a longer-life
optical system and has a detection range 3 times
wide, the whole if compared with standard
photometry.

Moreover, both incubation and reading cells of
the analyzer are thermostated at 37°C, allowing
to shorten the reactions time.

All the dedicated reagents are provided as
complete kits and in pre-filled cuvettes, thus
allowing to reduce possible errors during their
preparation and to speed up the whole operative
procedure.

In case of alkalinity of water, the detection on
CDR BeerLab® is based on the alkaline
components of water that react with a specific
reagent, leading to the formation of an adduct
which absorbs at the wavelength of 366nm. The
absorbance of the sample is directly proportional
to the alkalinity value, and its reading is realized
by a photometer that uses LED emitters. In terms
of time, just 10 minutes for a determination.

The wide panel of analyses of CDR BeerLab®
foresees the other overviewed parameters, but
also in case of metallic ions, their detection does
not require any additional instrumentation or
tool and takes just few minutes in all the cases.

Furthermore, CDR BeerLab® enables you to
determine a wide panel of parameters on beer
and wort in every stage of the brewing process,
even if you don’t have chemical laboratory or
fume hood. Its use does not require laboratory
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background. So, with CDR BeerlLab®, you can
perform a complete in-house quality control of
your brewing process getting results in real time.

Main advantages of our system are:

- reliability — CDR BeerLab® method is
compared to the reference method;

- reduced test times - just few minutes for
a determination;

- easiness - reagents are pre-filled and
instrument does not need calibration,
maintenance or cleaning procedures at
the beginning or at the end of the
working session, no technical skill is
requested,;

- reproducibility - the possibility to
introduce manual errors by working with
CDR close-system is reduced to the
minimum, if not excluded;

- flexibility — instrument has been thought
to be used real time in the processing
plant.

- versatility — CDR laboratories are the
exclusive producers of both
instrumentation and reagents, we are
always researching for new applications,
that once released, they will be available
on CDR BeerlLab” just upgrading
instrument software.

John Palmer and Colin Kaminski (2013). Water A Comprehensive Guide for Brewers.
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Assessment of the CDR BeerLab Touch Analyser

Executive Summary

We have trialled the CDR BeerLab Touch Analyser to establish whether it could meet the requirements
for analysing a number of important beer and wort quality parameters.

In our work with the BeerLab Touch Analyser we found that:

* The instrument was easy to use

* The user interface was logical and user friendly

* No calibration is required

» Compared to traditional alcohol and bitterness methods, the BeerLab Touch methods were
much quicker

* The system has a low environmental impact due to minimal waste production and the very low
sample and reagent volumes required

* A downside to the current software, is that if a mistake is made during the absorbance reading
stage, the whole test has to be repeated rather than just reinserting the cuvette and re-reading
the absorbance. The manufacturer however is aware of the issue and is looking into software
updates.

Our assessment of the ability of the BeerLab Touch to analyse for pH, bitterness, colour and alcohol in
beers and worts showed that based on the data obtained in this study, the test instrument gave
comparable results to the reference methods. Statistical analysis suggested that in the majority of
cases and based on current data there is no statistically significant evidence for a difference in
bitterness and alcohol measurements for beer when using the BeerLab Touch versus the reference
methods. Accuracy of the BeerLab Touch with regards to agreement with the declared values of ABV
was very good for all sample types. Analysis of ten replicates of the same brand of beer showed that
the BeerLab Touch had greatest precision in the measurement of pH and least for bitterness.

Background

CDR has developed a fast, simple and reliable analyser that determines important quality parameters
for beer and wort including colour, pH, alcohol and bitterness. The quick and accurate analysis requires
no sample preparation except for prior degassing in the case of carbonated samples. It is specifically
designed to monitor the brewing process, increase the consistency of the product and ensure quality
control in breweries and microbreweries. In this evaluation the BeerLab Touch has been tested against
traditional beer and wort analysis methods. The results were then compared for precision and
repeatability.



Evaluation

The BeerLab Touch Analyser is a self-contained unit and only requires a power supply. Set-up is very
straightforward. The machine is turned on, warms up to the correct operating temperature and then is
ready to use. One benefit of the machine is that calibration is not required and the only sample
preparation necessary is the prior degassing of carbonated samples. The instrument is controlled
through a simple on-screen menu and the included software has the capacity to store many test
methods.

Detailed step by step instructions for each method are provided through the touch screen menu and
the training at installation was sufficient for analysts experienced in the use of pipettes and
spectrophotometers. During any test the user can easily refer back to the instruction steps by clicking
on the question mark in the top right of the screen. Although no calibration is required QC samples
were included as controls. The four reading cells of the BeerLab Touch each read absorbance at a
different wavelength. An extremely useful tool is that when it comes to reading the absorbance the
appropriate cell will flash blue.

A recurring but key step in a number of the BeerLab Touch tests undertaken in this study is the careful
blotting of the outside of the pipette tip before immersing it in the reaction cuvette (in order to prevent
excess carryover of sample/reagent which in turn would alter absorbancy readings). The user
undertaking the study was experienced in the use of pipettes. If this is not the case it is recommended
that the user practises a few times until they are confident in their results.

Another procedure which could introduce false readings is the manual extraction step in the bitterness
method. The user has to manually invert the reactions tubes for one minute. In this study, initial
bitterness readings were much lower than the readings from the reference method and this was put
down to insufficient extraction due to too gentle inversion. If done too vigorously however, then the
results were not consistent. A method of shaking which gave much better results was determined by
the user in this study and therefore it is recommended that any new users experiment with their own
shaking technique on known bitterness content samples before moving on to unknown samples. As
this shaking step is very user dependent, each user of the machine should undergo this initial training.

The cuvettes, reaction vials, pipette tips, reagents etc. required to perform the tests are all provided in
sealed bags by the manufacturer. For this study, the ten test packs were used but larger (and therefore
cheaper) packs are available. Only the ABV test pack needs to be stored in a fridge, the others can be
stored at room temperature.

A mini sonication bath and mini-centrifuge were provided by the client for the purpose of this study.
These do not come as standard with the BeerLab Touch so would need be purchased separately and
are relatively low cost items.

Minimal waste is produced, which along with the small sample and very low reagent volumes required,
provides analysis with a very low environmental impact. The methodology used for the bitterness test
still employs the use of a solvent but the volumes required are significantly less than that required in
more traditional bitterness methods (including the reference method used in this study), thus reducing
health and safety concerns and environmental impact.



Another benefit of the BeerLab Touch is the ability to run two different tests (with the longer method
being run in the background).

Results are printed off automatically but are also stored within the machine and can be accessed by a
USB port for export into Excel and Ethernet for LIMS connection although this is subject to
compatibility.

A potential improvement to the BeerLab Touch is to improve the flexibility of navigating through a
method. Currently, if a mistake is made during a test — i.e. reading the wrong cuvette or pressing next
sample before actually reading the result you are unable to go back and repeat that last step but
instead have to repeat the whole test from the beginning. When doing colour this is not an issue but for
all the other tests where reagents are added etc. this means that test is wasted and this will cost the
customer both time and money. The manufacturer is aware of the recommendation and is looking into
software updates.

The only maintenance action required was the daily automated start up procedure which only took a
few minutes to perform. All the tests are performed in disposable vials and cuvettes and are hence
non-invasive and therefore no build-up of sample components was apparent during the evaluation.



Sample analysis

To establish robustness over a range of alcohol and colour values, seven small pack beer samples and
three worts were analysed in triplicate using the BeerLab Touch and the reference methods for:

. pH

+ Colour

» Bitterness

e Alcohol

The worts (Table 1) were stored frozen prior to analysis to ensure product stability. They were gently
defrosted in a water bath and then centrifuged to remove any cold trub that had formed upon freezing.
Seven small pack beers with alcohol contents ranging from 3% to 9% (Table 2), and covering a range
of colour values were analysed in triplicate. All the beers were degassed by leaving them overnight on
the bench in a conical flask. In the case of alcohol analysis a fresh can of sample was opened just prior
to analysis and degassed by cold filtration in the case of the reference method or placed in a sonication
bath for a couple of minutes to degas in the case of the BeerLab Touch method.

Table 1 Worts used in study

Code Type Brew No.
1 Ale Brew 08/14
2 Ale Brew 01/16
3 Lager Brew 07/15

Table 2 Beers used in study

Code Type Declared ABV (%)

CB49 (QC) Lager 4
G44 (QC) Lager 5

A Ale 3.2

B Ale 4.5

C Lager 5

D Ale 5.4

E Ale 6

F Lager 8.8

G Ale 6.3

Tables 3-8 summarise the mean and precision data for the duplicate analyses of the wort and beer
samples using the BeerLab Touch and reference methods, together with any assigned values for the
samples used in the tests.



pH Analysis

Samples were analysed for pH using the BeerLab Touch and the reference UKAS accredited method
(Campden BRI Method AM/029 based on Analytica EBC, 9.35, 2004 and 8.17, 1999)

Table 3 Summary of pH analysis results for three different wort samples

BeerlLabTouch Campden BRI
Andysis | Sanple Mean StdDev SE VEan Mean StdDev SE Vean| P\Vdlue
1 5.32 523 524 526 0049 0028 | 510 508 508 509 0012 0007 | 0.026
pH 2 5.48 5.47 5.44 546 0021 0012 | 541 540 540 540 0006 0003 | 0.041
3 5.56 5.47 5.48 550 0049 0028 | 550 550 550 550 0000 0000 | 0918
Table 4 Summary of pH analysis results for the different beer samples
BeerlabTouch Canpden BRI
Andysis | Sanple Mean StdDev SE VEan Vean StdDev SE Vean| PVdlue
a4t | 398 4.02 4.00 400 0020 0012 | 398 400 39 399 0010 00058| 0520
pH A 410 4.08 4.09 409 0010 0006 | 421 420 420 420 0006 0003 | 0000
B 3.99 3.99 4.00 399 0006 0003 | 408 408 403 408 0000 0001 | 0001
C 455 456 454 455 0010 0006 | 458 459 459 459 0006 0003 | 0012
D 425 4.27 425 426 0012 0007 | 430 431 431 431 0006 0003 | 0022
E 3.99 3.99 3.97 398 0012 0007 | 402 402 402 402 0000 0001 | 0032
F 3.90 3.90 391 390 0006 0003 | 383 38 38 388 0000 0001 | 0020
G 422 425 423 423 0015 0009 | 423 423 422 423 0000 0004 | 0573
1This is the QC sample (a commercially available lager)
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Figure 1 Correlation between pH results




The standard deviations of the triplicate samples showed that the precision of the BeerLab Touch
Analyser to the reference pH method was similar for beers and worts (with the BeerLab Touch being
more precise in measuring the pH of beer compared to wort). Overall the precision of the BeerLab
Touch Analyser in measuring pH was slightly lower than that of the reference method but was still well
within acceptable tolerances for such an instrument.

Statistical analysis using the two-sample t-test and the one-way ANOVA test suggested that in the
majority of cases and based on current data there was statistically significant evidence (p-value is less
than 0.05) for a difference in pH measurements for beer and wort when using the BeerLab Touch
Analyser versus the reference pH method. A reason for this observation is because both the BeerLab
Touch pH method and the reference Campden BRI pH method have very good precision (low SD
values) so therefore any difference between repeat readings is low. The statistical test chosen uses the
difference between mean results and the precision of the individual methods to produce a p-value.
Therefore, highly precise methods such as pH can result in a t-test result showing a significant
difference when the actual difference between mean results is low.



Colour Analysis

Samples were analysed for colour using the BeerLab Touch and the reference UKAS accredited
spectrophotometric method (Campden BRI Method AM/028 based on Analytica EBC, 9.6 2000)

Table 5 Summary of colour analysis results for three different wort samples

BeerlLabTouch Carpden BRI
Andysis | Sanple Mean StdDev SE VEan Mean StdDev SEVean| P\Vdlue
1 2500 2500 2500 2500 0000 0000 | 2689 2683 2689 2687 0035 0020 | 0.000
Colour 2 1300 1300 1300 13.00 0000 0000 | 1408 1399 1383 1398 0100 0058 | 0008
(EBO 3 7.00 800 800 767 0577 0330 | 775 840 856 824 0429 0250 | 0.263
Table 6 Summary of colour analysis results for the different beer samples
BeerlabTouch Canpden BRI
Andysis | Sanple Mean StdDev SEVEan Mean StdDev SE Vean| PVdlue
a4t | 9.00 9.00 9.00 900 0000 0000 | 893 890 893 892 0014 0010 | 0015
Colour A 1800 1800 1700 17.67 0577 0330 | 1725 1730 17.33 1729 0038 0022 | 0378
(EBO B 1500 1500 1500 1500 0000 0000 | 1440 1435 1438 1438 0025 0014 | 0001
C 9.00 9.00 9.00 900 0000 0001 | 925 920 918 921 0038 0022 | 0011
D 4700 4800 4800 4767 0577 0330 | 4875 4885 4875 4878 0058 0033 | 0079
E 12600 12600 12600 12600 0000 0000 |123.75 123.75 124.13 123.88 0217 0130 | 0.003
F 1400 1400 1400 1400 0000 0000 | 1358 1375 1358 1363 0101 0058 | 0024
G 6900 6800 6700 6800 1000 0580 | 6807 6790 6807 6802 0100 0057 | 0.982
1This is the QC sample (a commercially available lager)
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Figure 2 Correlation between colour results




The standard deviations of the triplicate samples showed that the precision of the BeerLab Touch to
the reference colour method was similar for both beers and worts. Overall the precision of the BeerLab
Touch in measuring colour was better than that of the reference method and was still well within
acceptable tolerances for such an instrument.

Statistical analysis using the two-sample t-test and the one-way ANOVA test suggested that in the
majority of cases and based on current data there was statistically significant evidence (p-value is less
than 0.05) for a difference in colour measurements for beer and wort when using the BeerLab Touch
the reference colour method. Again this observation may be due to the fact that both methods have
very good precision (low SD values) so therefore any difference between repeat readings is low and as
result the statistical test chosen views the mean results from the two methods as being the correct
value and therefore if they do not agree with each other the t-test assigns that the two methods must
be different.



Bitterness Analysis

Samples were analysed for bitterness content using the BeerLab Touch and the UKAS accredited
spectrophotometric method (Campden BRI Method AM/003 based on EBC Analytica 9.8, 2004)

Table 7 Summary of bitterness analysis results for the different beer samples

BeerlLabTouch Campden BRI
Andysis | Sanple Mean StdDev SE VEan Mean StdDev SEVean| P\Vdlue
44" | 1580 1500 1630 1570 0656 038 | 1400 1405 1390 1398 0076 0044 | 0046
Bittemes{ A 2610 2610 2330 2517 1617 0930 | 2470 2465 2468 0035 0025 | 0651
(8Y) B 3790 3420 358 3597 1856 1100 | 3690 3675 3683 0106 0075 | 0508
C 9.20 8.90 910 907 0153 0088 | 955 930 943 0177 0130 | 0257
D 3660 3320 3400 3460 1778 1000 | 3400 34.00 3400 0000 0000 | 0618
E 2640 2560 2780 2660 1114 0640 | 27.80 27.95 2788 0106 0075 | 0188
F 1520 1600 1520 1547 0462 0270 | 1555 1560 1558 0035 0025 | 0725
1This is the QC sample (a commercially available lager)
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Figure 3 Correlation between bitterness results

The standard deviations of the replicate samples showed that the precision of the BeerLab Touch
Analyser to the reference bitterness method was higher but was still well within acceptable tolerances
for such an instrument. As stated elsewhere in this report a key step in the BeerLab Touch bitterness
method is the manual extraction and if the current study had been undertaken for longer it is
anticipated that the user would have optimised this further thereby improving precision.

Statistical analysis using the two-sample t-test and the one-way ANOVA test suggested that in the
majority of cases and based on current data there is no statistically significant evidence (p-value is
greater than 0.05) for a difference in bitterness measurements for beer when using the BeerLab Touch
versus the reference bitterness method.



Alcohol Analysis

Samples were analysed for Alcohol using both the BeerLab Touch and the UKAS accredited gas
chromatography (GC) method (Campden BRI Method AM/018 based on IOB Methods of Analysis, 1997, 9.10)

Table 8 Summary of alcohol analysis results for the different beer samples

BeerlabTouch Canrpden BRI

Andlysis | Sanple Mean StdDev SEVEan Mean StdDev SE Vean| PVdlue

t 5.30 5.20 5.20 523 0058 0033 | 505 4.99 5.06 503 0040 0.023 | o016
3.30 3.40 3.40 337 0058 0033 | 351 3.49 3.50 350 0011 0006 | 0059
4.40 4.30 4.30 433 0058 0033 | 423 4.24 4.21 423 0016 0009 | o092
5.00 4.90 4.90 493 0.058 0.033 | 5.00 4.99 4.99 499 (0.005 0003 | 0229
5.70 5.50 5.40 553 0153 0083 | 555 5.45 5.47 549 0054 0.031 | o665
6.30 6.20 6.10 620 0100 0058 | 621 6.18 6.14 618 0034 0019 | 0.799
8.90 8.60 870 873 0153 0088 | 872 891 879 880 009 0055 | 0542
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Figure 4 Correlation between Alcohol results

The standard deviations of the replicate samples showed that the precision of the BeerLab Touch
Analyser to the reference alcohol method was similar with overall the reference method being more
precise. The precision of the BeerLab Touch was well within acceptable tolerances for such an
instrument. Accuracy of the BeerLab Touch with regards to agreement with the declared values of ABV
was very good for all sample types (the actual ABV must not differ the declared ABV by more +/-0.5%
for beers less than 5.5% and +/-1.0% for beers greater than 5.5%)

Statistical analysis using the two-sample t-test and the one-way ANOVA test suggested that in the
majority of cases and based on current data there is no statistically significant evidence (p-value
greater than 0.05) for a difference in alcohol measurements for beer when using the BeerLab Touch
Analyser versus the reference alcohol method.



Repeatability

Ten samples of a commercially available canned lager were analysed for pH, colour, bitterness and
alcohol using the BeerLab Touch and the traditional reference methods.

Tables 9-12 summarise the mean and precision data for the analyses.

Table 9 Summary of pH analysis results for 10 samples of a single brand of beer

pH
Beer BeerLab Touch Campden BRI

D 4.25 4.30

D 4.22 431

D 4.26 4.31

D 4.23 431

D 4.23 4.31

D 4.24 4.31

D 4.25 431

D 4.27 4.31

D 4.25 4.31

D 4.28 4.31
Mean 4.25 431
SD 0.019 0.003
95% Confidence
Interval for Mean 4.23,4.26 4.31,4.31

Table 10 Summary of colour analysis results for 10 samples of a single brand of beer

Colour (EBC)
Beer BeerLab Touch Campden BRI
D 48.00 47.9
D 48.00 48.3
D 47.00 48.65
D 47.00 49.05
D 47.00 48.65
D 47.00 48.85
D 48.00 49.1
D 48.00 48.5
D 48.00 49.4
D 48.00 49.4
Mean 47.60 48.78
SD 0.516 0.479
95% Confidence
Interval for Mean 47.23, 47.97 48.44, 49.12




Table 11 Summary of bitterness analysis results for 10 samples of a single brand of beer

Bitterness (BU)
Beer BeerLab Touch Campden BRI
D 37.30 34.45
D 35.70 34.45
D 36.60 35.05
D 33.20 35.15
D 34.00 34.50
D 34.90 34.80
D 34.20 34.05
D 37.60 34.20
D 35.10 34.35
D 34.80 34.10
Mean 35.34 34.51
SD 1.449 0.379
95% Confidence
Interval for Mean 34.40, 36.38 34.34, 34.78

Table 12 Summary of alcohol analysis results for 10 samples of a single brand of beer

Alcohol (%)
Beer BeerLab Touch Campden BRI

D 5.70 5.55

D 5.50 5.42

D 5.40 5.45

D 5.70 5.46

D 5.50 5.50

D 5.40 5.52

D 5.40 5.47

D 5.60 5.54

D 5.40 5.53

D 5.30 5.46
Mean 5.49 5.49
SD 0.137 0.044
95% Confidence
Interval for Mean 5.39, 5.59 5.46, 5.52

The precision of the BeerLab Touch, as expressed in the standard deviations of the ten replicates
showed with the current data and this brand of beer, that precision was good and was greatest for pH
measurement and least for bitterness. The current data also suggested that for all tests the BeerLab
Touch had lower precision than the reference methods but was well within the accepted tolerances for
such an instrument.



Summary

Based on the data obtained during this study, the CDR BeerLab Touch Analyser has been shown to
give comparable performance in the measurement of pH, colour, bitterness and alcohol to established
methods. Statistical analysis suggested that in the majority of cases and based on current data there is
no statistically significant evidence for a difference in bitterness and alcohol measurements for beer
when using the BeerLab Touch versus the reference methods.

Accuracy of the BeerLab Touch with regards to agreement with the declared values of ABV was very
good for all sample types. Analysis of ten replicates of the same brand of beer showed that the
BeerLab Touch had greatest precision in the measurement of pH and least for bitterness and in all
instances precision was lower for the BeerLab Touch compared to the reference methods used.
However, precision values for the BeerLab Touch, for all analyses, are well within the tolerances
expected for spectrophotometers in the brewing industry and it is expected that precision would
improve with continued use of the machine as the user becomes more familiar with specific techniques
of each test. QCL offers training courses so users not familiar with sampling/pipetting techniques can
receive a solid grounding right from the start. The low reagent and sample volumes required for
analysis not only reduces reagent costs but also reduces the amount of waste produced, thereby
providing analysis with a low environmental impact.

The BeerLab Touch is straightforward to use with a comprehensive touch screen menu that includes
instructions that can be brought up even whilst a test is being performed. In the case of alcohol and
bitterness, the BeerLab Touch methods are faster than more traditional methods (in the case of
bitterness significantly faster) and all methods tested during this evaluation show close agreement to
the reference method.
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Correlation between CDR BeerLab® and official methods
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Evaluation of correlation between the results obtained with EBC (European Brewery Convention) official

methods and using CDR BeerlLab®. The following parameters have been considered:

ABV (Alcohol By Volume)
pH

Color

FAN (Free Amino Nitrogen)
Fermentable sugars

Bitterness

V V V V V V V

Lactic acid

PREPARATION OF WORT SAMPLES

28 beers have been analyzed (Table 1). Different brands and beer styles have been considered in order to
cover a wide range of values for the tested parameters. Moreover, twelve worts have been produced with
different mashing programs and different recipes (Table 2).For all worts the water:grist ratio was 3:1. Four
different formulations have been used: 1) 100% barley malt (Pils); 2) 60% barley malt and 40% wheat malt
(Weizen); 3) 90% barley malt and 10% caramel malt (Caramel); 4) 95% barley malt and 5% dark barley malt
(Chocolate). A three-step mashing was carried out (58 °C, 65 °C and 72 °C), followed by mash out at 78 °C for
60 minutes. Mashing lasted until negative iodine test. Wort was then separated from husks through filtration
and boiled for 60 minutes. Resulted wort was stored in 100 mL polyethylene flasks at 2°C before being

analyzed.

To analyze Free Amino Nitrogen (FAN), six additional worts were produced (Table 3), using two different
formulations: 1) 100% barley malt (Pils); 2) 50% barley malt and 50% wheat malt (Weizen). Worts were
produced using different concentrations of these formulation in order to obtain 6, 12 and 18 °Plato, therefore
with different FAN content. A single step mashing was carried out (65 °C), followed by a 60 minutes boil.

Collected wort was stored in 100 mL polyethylene flasks at 2°C before being analyzed.
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Table 1 Analyzed beers

Beer Sample Code
Craft 1 1
Craft 2 2
Craft 3 3
Craft4 4
Craft5 5
Craft 6 6
Craft?7 7
Craft 8 8
Craft9 9
Craft 10 10
Craft 11 11
Commercial 1 12
Commercial 2 13
Commercial 3 14
Commercial 4 15
Commercial 5 16
Commercial 6 17
Commercial 7 18
Commercial 8 19
Commercial 9 20
Commercial 10 21
Commercial 11 22
Commercial 12 23
Commercial 13 24
Commercial 14 25
Commercial 15 26
Commercial 16 27
Commercial 17 28
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Table 2 Worts produced to analyze fermentable sugars

lodine test after

lodine test after

Wort gravity

Malt Code Mashing (°C) 120 min 135 min (°Plato)

Pils M1 58 positive negative 12,0
Pils M2 65 negative - 12,0
Pils M3 72 negative - 11,5
Weizen w1 58 negative - 12,5
Weizen W2 65 negative - 11,0
Weizen W3 72 negative - 12,1
Caramel C1 58 positive negative 11,9
Caramel Cc2 65 negative - 12,2
Caramel Cc3 72 negative - 11,8
Chocolate CH1 58 negative - 12,5
Chocolate CH2 65 negative - 11,4
Chocolate CH3 72 negative - 12,0

Table 3 Worts produced for FAN analysis.

lodine test Wort gravity
Malt Code after 120 min (°Plato)

Pils P1 negative 6,3

Pils P2 negative 12,2

Pils P3 negative 17,8

Weizen F1 negative 6,5

Weizen F2 negative 12,1

Weizen F3 negative 17,6
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STATISTICAL ANALYSIS

To verify correlation among measurements, Pearson correlation coefficient (r) and p-value were used
(program CoStat 6.204, CoHort Software, Monterey Ca, Usa). The correlation was considered statistically

significant with a p-value < 0,05.

ABV (Alcohol By Volume)

ABV carried out with CDR BeerLab® were compared with ones from Alcolyzer Beer Analyzing System (Anton
Paar) to investigate their correlation. Zanker and Benes (2004) previously highlighted that there was no
statistically significant difference between results obtained with the EBC official method (EBC 9.2.1) and the

Alcolyzer Beer Analyzing System.

Table 4 ABV values obtained with CDR BeerLab® and Alcolyzer Beer Analyzing System on 12 beer
samples (n=3).

CDR BeerlLab® NIR (Alcolyzer Beer Analyzing System)
Code ABV ABV ABV Mean M9 | gy AV ABV  Mean Ot3ndard -

deviation deviation value

1 6,29 6,23 6,20 6,24 0,05 6,47 6,42 6,49 6,46 0,04

2 548 557 549 551 0,05 563 5,67 5,56 5,62 0,06

3 569 560 566 5,65 0,05 594 586 5,84 5,88 0,05

4 4,59 451 4,45 4,52 0,07 4,58 4,48 4,51 4,52 0,05

5 6,13 595 6,18 6,09 0,12 6,14 599 6,15 6,09 0,09

6 6,00 599 590 596 0,06 6,02 594 5,92 5,96 0,05

7 593 598 595 595 0,03 590 6,00 5,94 5,95 0,05 <0.05

8 5,12 529 5,26 5,22 0,09 510 5,20 5,16 5,15 0,05

9 6,64 652 654 6,57 0,06 6,70 6,60 6,64 6,65 0,05

12 4,61 4,55 4,54 4,57 0,04 4,40 4,44 4,52 4,45 0,06

13 4,14 4,27 423 421 0,07 4,00 4,14 4,17 4,10 0,09

14 2,22 2,15 2,37 2,25 0,11 2,09 2,10 2,25 2,15 0,09
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ABV

R*=0,9933

CDR BeerLab® (ABV)

2 3 4 5 6 7
Alcolyzer Beer Analyzing System (ABV)

Figure 1 Correlation between ABV values measured with CDR BeerLab®
and Alcolyzer Beer Analyzing System.

Comparison was carried out on 12 beer samples with an alcohol content between 2% and 7% ABV. Results
from the two analytical instruments were highly correlated (p < 0,05 and r= 0,9933) and with low standard
deviations (0,03+0,12 with CDR BeerLab® and 0,04+0,09 for Alcolyzer Beer Analyzing System) (Table 4, Figure
1).
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pH

Selected beer samples were analyzed with CDR BeerLab® and official EBC method (EBC 9.35). Results are
reported in Table 5. Correlation were considered statistically significant (p < 0,05 and r = 0,8602), and both

methods showed low standard deviations (Table 5, Figure 2).

Table 5 pH values measured at 20 °C with CDR BeerLab® and EBC method 9.35 on 12 beer samples
(n=2).

CDR BeerLab® EBC9.35
Standard Standard
Code pH pH Mean deviation pH pH Mean deviation p-value
12 4,5 4,6 4,6 0,1 4,4 4,5 4,5 0,1
13 3,4 3,4 3,4 0,0 3,2 3,4 3,3 0,1
14 4,5 4,6 4,6 0,1 4,6 4,6 4,6 0,0
15 4,4 4,3 4,4 0,1 4,3 4,3 4,3 0,0
16 4,3 4,2 4,3 0,1 4,2 4,1 4,2 0,1
17 4,6 4,7 4,7 0,1 4,6 4,7 4,7 0,1 <005
18 4,5 4,5 4,5 0,0 4,4 4,3 4,4 0,1 ’
19 4,6 4,7 4,7 0,1 4,5 4,6 4,6 0,1
20 3,5 3,4 3,5 0,1 3,6 3,4 3,5 0,1
21 4,4 4,4 4,4 0,0 4,3 4,3 4,3 0,0
22 4,2 4,2 4,2 0,0 4,2 4,2 4,2 0,0
23 4,6 4,6 4,6 0,0 4,5 4,7 4,1 0,1
pH
5

3

o

~

i R?2=0,9618

° 4

]

8

po L

[a]

o

3
3 4 5

EBC method 9.35 (pH, 20 °C)

Figure 2 Correlation between pH values measured at 20 °C with CDR
BeerLab® and EBC method 9.35.
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COLOR

Selected beer samples were analyzed with CDR BeerLab® and official EBC method 9.6. Samples were selected
in order to cover a wide spectrum of color (from 7 to 160 EBC). Results obtained from two methods showed
strong correlation (p < 0,05 and r = 0,9873), and both methods provided mostly low standard deviations
(Table 6, Figure 3). Darker beers measured with CDR BeerLab® showed lower standard deviations than with

official method, probably due to a better linearity of the instrument in a wider absorbance range.

Table 6 EBC values obtained with CDR BeerLab® and EBC method 9.6 on 16 beer samples (n=2).

CDR BeerLab® EBC9.6
Code EB.C EB.C Mean Star.mdzi\rd EB:C EB:C Mean Star.1da.1rd p-value
units  units deviation units  units deviation
1 12 12 12 0 13 13 13 0
2 31 30 29 1 35 37 36 1
3 25 27 26 1 28 35 32 5
4 11 12 12 1 14 13 13 1
5 110 110 110 0 127 145 135 13
6 15 16 16 1 15 16 16 1
7 7 8 8 1 9 8 9 1
8 110 130 120 14 131 186 158 39 < 0,05
9 20 21 21 1 21 22 22 1
10 10 9 10 1 10 10 10 0
11 40 43 42 2 49 49 49 0
12 8 9 9 1 10 10 10 0
13 10 11 11 1 12 13 13 1
14 3 4 4 1 6 7 7 1
15 10 11 11 1 11 11 11 0
16 42 45 44 2 50 52 51 1




University of Udine
Department of Agricultural, Food, Environmental

and Animal Sciences

Color

160
140
120
100
80
60
40
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R?=0,9873

CDR BeerLab® (EBC units)

0 50 100 150 200
EBC method 9.6 (EBC units)

Figure 3 Correlation between color units measured with CDR BeerLab® and
EBC method 9.6.
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The correlation between FAN analysis with CDR BeerLab® and official EBC methods 8.10 and 9.10 was also

evaluated. Six beer samples and six wort samples were analyzed. Results were significantly correlated (p <

0,05; r =0,9915 regarding wort and r = 0,9624 regarding beers) (Table 7, 8 and Figure 4, 5).

Table 7 FAN content (mg/L) measured with CDR BeerLab® and EBC method 8.10 on six wort samples

(n=2).
CDR BeerLab® EBC8.10
FAN FAN Standard FAN Standard

Code mg/L  mg/L Mean deviation FAN mg/L mg/L Mean deviation p-value
P1 99 93 96 4 104 91 98 10
P2 189 187 188 1 168 173 171 4
P3 270 275 273 4 245 252 249 5 <0.05
F1 40 41 41 1 34 38 36 3 !
F2 88 89 89 1 74 74 74 0
F3 118 128 123 7 118 111 115 5

Table 8 FAN content (mg/L) measured with CDR BeerLab® and EBC method 9.10 on six beers

(n=2).
CDR BeerLab® EBC9.10
FAN FAN Standard FAN Standard
Code mg/L mg/L Mean deviation FAN me/L mg/L Mean deviation p-value
1 63 69 66 4 58 53 56 4
2 52 59 56 5 44 41 43 2
3 36 29 33 5 25 29 27 3
< 0,05
12 173 155 164 13 115 116 115 1
13 43 40 42 2 34 32 33 1
14 80 79 80 1 72 65 69 5

10
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FAN - wort
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150

100

CDR BeerLab® (mg/L)
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o

o
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EBC method 8.10 (mg/L)

Figure 4 Correlation between FAN content in worts measured with CDR
BeerLab® and EBC method 8.10.

FAN - beer
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EBC method 9.10 (mg/L)

Figure 5 Correlation between FAN content in worts measured with CDR
BeerLab® and EBC method 9.10.
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FERMENTABLE SUGARS

CDR BeerLab® was compared to EBC method 8.7. Glucose, fructose and maltose in 12 worts were analysed,

and results expressed as sum of their concentrations (Table 9).

Table 9 Fermentable sugars (glucose, fructose and maltose) content in 12 different worts,
measured with CDR BeerLab® and EBC method 8.7 (n=2).

CDR BeerLab® EBC8.7
Standard Standard
Code g/L g/L Mean deviation g/L g/L Mean deviation p-value
M1 79,8 77,4 78,6 1,7 86,1 82,9 84,5 2,3
M2 72,9 71,1 72,0 1,3 86,3 90,5 88,4 3,0
M3 75,8 76,8 76,3 0,7 58,2 61,5 59,9 2,3
C1 93,4 94,4 93,9 0,7 96,3 97,5 96,9 0,8
C2 72,5 65,1 68,8 5,2 76,9 80,2 78,6 2,3
C3 68,2 67,8 68,0 0,3 70,7 72,8 71,8 1,5
w1 72,3 723 72,3 0,0 76,1 72,3 74,2 2,7 <0,05
W2 80,8 77,1 79,0 2,6 86,8 85,6 86,2 0,8
W3 67,0 65,8 66,4 0,8 62,8 60,3 61,6 1,8
CH1 71,4 70,6 71,0 0,6 84,9 82,4 83,7 1,8
CH2 69,8 71,4 70,6 1,1 81,1 79,5 80,3 1,1
CH3 174,2 169,3 171,8 3,5 128,9 127,1 128,0 1,3

12
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Figure 6 HPLC analysis (EBD method 8.7) of fermentable sugars in worts produced
with 90% of barley malt and 10% of Caramel malt, at three different mashing
temperatures.

Figure 6 highlights maltose is the predominant sugar in wort, regardless of mashing temperature. Generally
lower mashing temperatures (near 60 °C) promote the beta-amylase activity, which hydrolyze the starch
chain at the not-reducing ends, producing more maltose-rich wort. Higher mashing temperature promotes

alfa-amylase, which produces more dextrinic wort (Briggs et al., 2004).

Tested wort showed fermentable sugar content between 59,9 and 128,0 g/L. Results of CDR BeerlLab® and
EBC method 8.7 analysis were statistically correlated (p < 0,05) (Table 9). Furthermore, the HPLC analysis

does not include maltotriose determination, which is instead carried out by CDR BeerlLab®.
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BITTERNESS

For this parameter the CDR BeerlLab® results were compared to EBC method 9.8.

Table 10 Bitterness values (IBU) resulting from CDR BeerLab® analysis and EBC method 9.8 on 12
different beers (n=2).

CDR BeerLab® EBC9.8
Code IBU I1BU Mean OMdard oy BU Mean SN alue
deviation deviation
1 40 41 41 1 39 38 39 1
2 61 63 62 1 58 58 58 0
3 14 13 14 0 12 13 13 1
4 11 12 12 0 10 12 11 1
9 18 16 17 1 17 16 17 1
13 36 36 36 0 34 36 35 1
< 0,05
15 22 24 24 1 22 21 22 1
24 17 18 18 1 13 15 14 1
25 19 19 19 0 16 16 16 0
26 33 34 34 1 34 34 34 0
27 52 53 53 1 50 50 50 0
28 28 30 29 1 25 26 26 1
Bitterness
70
60
= 50
2 R? = 0,9899
= 40
®
o)
8 30
]
& 20
-4
8 10
0
0 10 20 30 40 50 60 70
EBC method 9.8 (IBU)

Figure 8 Correlation between bitterness evaluated with CDR BeerLab® and EBC
method 9.8.
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Commercial beers present bitterness values between 10 and 50 IBU (Briggs et al., 2004). Data from CDR

BeerLab® and EBC method 9.8 showed a good correlation (p < 0,05 and r = 0,9899) and good precision.
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LACTIC ACID

Total lactic acid content (sum of D-lactic acid and L-lactic acid, expressed as mg/L) was measured with CDR

BeerLab® and enzymatic kit from Megazyme (EBC method 9.34) (Table 11).

Table 11 Total lactic acid content (mg/L) of 12 beers, measured with CDR BeerLab® and Megazyme
kit (EBC method 9.34) (n=2).

CDR BeerLab® EBC9.34
Standard Standard -
Code mg/L  mg/L  Mean deviation mg/L  mg/L  Mean deviation vaplue
1 136 138 137 1 136 135 136 1
138 129 134 6 131 134 132 2
12 137 128 133 6 131 133 132 1
14 152 148 150 3 158 160 159 1
15 75 69 72 4 80 86 83 4
16 62 68 65 4 59 68 63 6 50,05
18 150 149 150 1 140 146 145 3
19 179 168 174 8 170 163 166 5
20 72 78 75 4 71 74 73 2
21 57 65 61 6 52 67 60 11
22 83 94 89 8 92 101 97 7
23 24 25 25 1 39 39 39 0
Lactic acid
200
180
= 160
Ea 140 A
o 120 R?=0,9742
§ 100
E 80
o 60
g 40
20 ¢
0
0 50 100 150 200
EBC method 9.34 (mg/L)

Figure 9 Correlation between total lactic acid content with CDR BeerLab®
and EBC method 9.34.
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Lactic acid content of the 12 analyzed beers was within the CDR BeerLab® recommended range. The
correlation was statistically significant (p < 0,05 and r = 0,9742) and both methods showed low standard

deviations (Table 11 and Figure 9).
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WATER ANALYSIS

Correlation between CDR BeerLab® and official methods
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The following compounds were analyzed with CDR BeerLab® and official methods to evaluate the correlation

between two procedures :

Calcium
Magnesium
Potassium
Chlorides

Sulphates

YV V. V ¥V V V

Bicarbonates

WATER SAMPLES

Drinking water is normally classified by its level of total dissolved solids expressed as ppm (mg/L), which can
normally vary between 50 to 1500 mg/L. Nineteen different waters (commercial and tap water) were

analyzed in order to cover a wide range of water parameters (Table 12).
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Table 12 Analyzed waters.

Water Sample code
Donat 1
Lauretana 2
Goccia di Carnia 3
Fonte Essenziale 4
Ferrarelle 5
San Pellegrino 6
Acqua Panna 7
San Benedetto 8
Lete 9
Sangemini 10
Sant’Anna 11
Radenska 12
Vera Nestlé 13
Norda 14
Eva 15
Pordenone (tap water) 16
Maniago (tap water) 17
Majano (tap water) 18
DI4A department (tap water) 19
STATISTICAL ANALYSIS

To evaluate the correlation between CDR BeerlLab® and official methods, Pearson correlation coefficient (r)
and p-value were used (program CoStat 6.204, CoHort Software, Monterey Ca, Usa). Correlation was

considered statistically significant with a p-value < 0,05.
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CALCIUM

For this parameter CDR BeerLab® results were compared to ones obtained with official spectrophotometric

method using Merck kit reagents (Spectroquant® Calcium Test).

Table 13 Calcium content (mg/L) of 6 different water samples, measured with CDR BeerLab® and
spectrophotometric analysis (n=3).

CDR BeerLab® Spectrophotometric method
Standard Standard p-
Code mg/L mg/L mg/L Mean deviation mg/L mg/L mg/L Mean deviation value
1 318,4 329,3 346,6 3314 14,2 370,2 383,4 386,1 379,9 8,5
3 23,8 24,3 23,6 23,9 0,4 17,3 26,4 20,9 21,5 4,6
8 55,8 54,8 52,4 54,3 1,7 41,1 48,0 61,9 50,3 10,6 <
9 316,2 308,6 322,5 315,8 7,0 320,4 324,2 325,3 3233 2,6 0,05
17 59,9 58,3 59,1 59,1 0,8 61,8 76,4 69,9 69,4 7,3
19 55,4 55,2 58,5 56,4 1,9 48,4 58,2 68,5 58,4 10,1
Calcium
400
350
3 300
E 250
@
-§ 200
& 150
2]
« 100
a
© 50
0
0 50 100 150 200 250 300 350 400 450

Spectrophotometric method (mg/L)

Figure 10 Correlation between calcium content in waters with CDR BeerLab® and
spectrophotometric method.
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The analysis was carried out on six different waters, chosen to cover a range of calcium content between 20
and 300 mg/L (considering that calcium in beer should not exceed 90 mg/L, according to Eumann and
Schildbach, 2012). The two methods showed correlated results (p < 0,05 and r = 0,9905) and low standard
deviations (Table 13 and Figure 10).
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For this cation CDR BeerlLab® results were compared to ones obtained with official spectrophotometric

method using Merck kit reagents (Spectroquant® Magnesium Test).

Table 14 Magnesium content (mg/L) of 6 different water samples, measured with CDR BeerLab®
and spectrophotometric analysis (n=3).

CDR BeerLab® Spectrophotometric method
Standard Standard p-
Code mg/L mg/L mg/L Mean deviation mg/L mg/L mg/L  Mean deviation value
3 4,4 42 43 4,3 0,1 3,9 4,6 4,0 4,2 0,4
5 24,0 28,2 26,7 26,3 2,1 22,6 25,1 24,2 24,0 1,3
10 16,9 17,9 17,2 17,3 0,5 14,4 15,8 15,9 15,4 0,8 0.05
13 13,9 129 14,1 13,6 0,6 12,2 12,5 13,2 12,6 0,5 <5
15 4,5 41 3.3 4,0 0,6 4,1 51 4,1 4,4 0,6
16 22,7 22,2 22,0 22,2 0,4 19,8 20,2 20,5 20,2 0,4
Magnesium
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—~ 25
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E 20
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| 15
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o
2 10
-4
8 s
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Figure 11 Correlation between magnesium content in water with CDR
BeerLab® and spectrophotometric method.

23



University of Udine
Department of Agricultural, Food, Environmental

and Animal Sciences

The analysis was carried out on 6 different waters, chosen to cover a range of magnesium content between

4 and 30 mg/L. The two methods showed correlated results (p < 0,05 and r = 0,994) and low standard

deviations (Table 14 and Figure 11).

POTASSIUM

For this cation CDR BeerlLab® results were compared to ones obtained with official spectrophotometric

method using Merck kit reagents (Spectroquant® Potassium Test).

Table 15 Potassium content (mg/L) of six different water samples, measured with CDR BeerLab® and

spectrophotometric analysis (n=3).

CDR BeerLab® Spectrophotometric method
Code mg/L mg/L mg/L Mean :te?l?:t?c:: mg/L mg/L  mg/L Mean :te?’?:t?;: va':;;e
1 <50 <50 <50 / / <50 <50 <50 / /
2 <50 <50 <50 / / <50 <50 <50 / /
3 <50 <50 <50 / / <50 <50 <50 / /
5 58,0 53,0 57,0 56,0 2,6 44,3 47,4 45,3 45,7 1,6 /
17 <50 <50 <50 / / <50 <50 <50 / /
18 <50 <50 <50 / / <50 <50 <50 / /

Analysis was carried out on six different waters. Only potassium content of sample 5 was above the detection

limit (DL) for both methods (Table 15). Therefore, five different standard solutions were prepared: 10, 20,

30, 60 and 80 mg of potassium chloride (dried for 1 h at 110 °C) were weighted and dissolved in five different

flasks with 100 mL of distilled water. The five different solutions final concentration of potassium chloride

were: 100 mg/L (Sol. 1), 200 mg/L (Sol. 2), 300 mg/L (Sol. 3), 600 mg/L (Sol. 4) and 800 mg/L (Sol. 5). These

samples and again the sample 5 (Ferrarelle water) were analyzed with CDR BeerLab® and official

spectrophotometric method. Data are reported in Table 16. Depending on specific needs, it is possible to

customize CDR BeerLab® and optimize its detection range.
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Table 16 Potassium content (mg/L) of 6 different water samples (5 potassium chloride solutions
and one commercial water), measured with CDR BeerLab® and spectrophotometric analysis (n=3).

CDR BeerLab® Spectrophotometric method
Code mg/L mg/L mg/L Mean Standard mg/L  mg/L mg/L Mean Standard P-
& & & deviation & & & deviation value
Sol.1 56,4 58,9 53,2 56,2 2,9 53,1 48,4 55,8 52,4 3,7
Sol.2 98,7 94,2 91,0 94,6 3,9 104,8 102,9 106,9 104,9 2,0
Sol.3 141,4 1458 149,4 1455 4,0 151,4 160,8 159,6 157,3 5,1 005
Sol.4 318,4 311,1 317,3 315,6 3,9 312,7 319,6 311,4 314,6 4,4 <O
Sol.5 421,1 425,7 419,3 422,0 3,3 422,7 416,8 418,9 419,5 3,0
5 58,0 53,0 57,0 56,0 2,6 44,3 47,4 45,3 45,7 1,6
Potassium
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e 250
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g 200
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100
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A 50
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Figure 12 Correlation between potassium content in water with CDR BeerLab®
and spectrophotometric method.

The measurements of two methods were statistically correlated (p < 0,05 and r = 0,9957) and showed low

standard deviations (Table 16 and Figure 12).
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CHLORIDES

As for the potassium analysis, the chlorides content of tested waters was below detection limits (100 mg/L)
of CDR BeerLab® (only sample 1 resulted above the DL). Data are not reported. Therefore, five solutions of
potassium chloride were prepared as above mentioned (page 24), and then analyzed with CDR BeerLab® and

official method (argentometric titration, Belli et al., 2003). Data are reported in Table 17.

Table 17 Chlorides content (mg/L) of 6 different water samples (5 potassium chloride solutions
and one commercial water), measured with CDR BeerLab® and argentometric titration (n=3).

CDR BeerLab® Argentometric titration
Standard Standard p-
Code mg/L mg/L mg/L Mean deviation mg/L  mg/L mg/L Mean deviation value
Sol.1 61,3 57,5 56,1 58,3 2,7 45,8 44,3 52,6 47,6 4,4
Sol.2 101,3 111,4 99,7 104,1 6,3 92,4 98,5 94,3 95,1 3,1
Sol.3 119,4 127,2 129,5 1254 5,3 137,8 148,5 141,7 142,7 5,4 0.05
Sol.4 251,2 250,4 253,2 251,6 1,4 282,2 289,2 284,4 285,3 3,6 <O
Sol.5 325,2 312,3 308,7 3154 8,7 375,3 384,2 381,6 3804 4,6
1 76,5 69,7 82,1 76,1 6,2 71,4 75,3 78,2 75,0 3,4
Chlorides
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Figure 13 Correlation between chlorides content in water with CDR
BeerLab®r and argentometric titration.
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The measurements of two methods were statistically correlated (p < 0,05 and r = 0,9931) and showed low

standard deviations (Table 17 and Figure 13).
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SULPHATES

Sulphates content was measured with CDR BeerLab®, and results compared with official method
(turbidimetry, Belli et al., 2003). To determine the sulphates content with the turbidimetry, first a calibration

curve (Figure 14) was obtained following the official method (Belli et al., 2003).

120
100

80 y=173,91x + 0,6225

R*=0,9997
60

40

Sodium sulphate (mg/L)

20
0,0 0,2 0,4 0,6 0,8
Absorbance

Figure 14 Calibration curve for the turbidimetric analysis of
sulphates.

Table 18 Sulphates content (mg/L) of 6 different water samples, measured with CDR BeerLab® and
turbidimetry (n=3).

CDR BeerLab® Turbidimetry
Standard Standard -

Code mg/L mg/L mg/L Mean deviation mg/L  mg/L mg/L Mean deviation vaplue

4 1.600,4 1.602,2 1.601,3 1601,3 0,9 1.620,5 1.623,4 1.625,6 1623,2 2,6

6 415,5 412,8 409,6 412,6 3,0 449,0 452,2 450,1 450,4 1,6

7 13,5 14,0 13,5 13,7 0,3 20,6 21,2 20,9 20,9 0,3 <0,05
10 60,0 54,0 57,1 57,0 3,0 43,3 42,8 42,6 42,9 0,4

12 115,0 108,1 121,0 114,7 6,5 74,3 74,3 74,3 74,3 0,0

18 65,1 62,0 63,1 63,4 1,6 62,6 61,7 62,0 62,1 0,4
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Sulphates
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Figure 15 Correlation between sulphates content in water with CDR
BeerLab® and turbidimetry.

Samples 4 and 6, with high sulphate content, required a 1:10 dilution with distilled water.

The measurements of two methods were statistically correlated (p < 0,05 and r = 0,9985) and showed low

standard deviations (Table 18 and Figure 15).
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For this anion CDR BeerLab® results were compared to ones obtained with official complexometric titration

method (Belli et al., 2003) on six different water samples.

Table 19 Bicarbonates content (mg/L) of 6 different water samples, measured with CDR BeerLab® and
complexometric titration (n=3).

CDR BeerLab® Complexometric titration
Standard Standard p-
Code mg/L mg/L mg/L Mean deviation mg/L mg/L mg/L Mean deviation value
11 37,0 33,0 43,0 37,7 5,0 32,5 22,0 27,3 27,3 5,3
13 139,0 137,0 136,0 137,3 1,5 135,1 134,1 136,2 135,11 1,1
14 130,0 144,0 144,0 1393 8,1 136,1 138,0 136,5 136,9 1,0 0.05
16 206,0 213,0 209,0 209,3 3,5 205,2 218,2 213,1 2122 6,6 <O
17 143,0 142,0 144,0 143,0 1,0 135,1 134,7 1354 1351 0,4
18 199,2 210,0 209,0 206,1 6,0 197,2 220,7 218,7 212,2 13,0
Bicarbonates
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Figure 16 Correlation between bicarbonates content in water with CDR
BeerLab® and complexometric titration.

The measurements of two methods were statistically correlated (p < 0,05 and r = 0,9937) and showed low

standard deviations (Table 19 and Figure 16).
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FINAL CONSIDERATIONS

All the evaluated analysis (ABV, pH, color, FAN, fermentable sugars, bitterness, lactic acid, calcium,
magnesium, potassium, chlorides, sulphates and bicarbonates) carried out with CDR BeerLab® were

statistically correlated with official methods.

For all tested compounds, the CDR BeerLab® analysis requires as pretreatment only a degassing of samples
(beer or water) and no calibration curve is needed. Moreover, the detailed instructions present on the screen
easily guide the operator through the whole analytic process making the CDR BeerLab® a friendly user

instrument. Cuvette, vials, reagents, etc. are all provided by manufacturer.

However, the analysis procedure software could be improved with more flexibility. Indeed, in case of error
operator during the procedure (for example an incorrect reading of a cuvette), it is not possible to repeat a
single step but only to start again the whole test. Furthermore, lowering the detection limits for potassium

and chlorides determination would help, since most water samples were below the DL of the instrument.

With CDR BeerLab® equipment the required sample and reagents quantity is highly reduced compared to
official methods (especially regarding bitterness or sulphates analysis). Finally CDR BeerLab® instrument can
reduces analytical costs, enhance the operational safety reducing health risks for the operator and, being

friendly user, suits very well with a craft brewery needs.

In further investigations new analytical parameters as well as additional software functionalities of the

instrument CDR BeerLab® will be tested.
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