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SENSORY TESTING OF BEERS: AN INTER-LABORATORY SENSORY TRIAL

BY S. BURKE, M. J. R. SPOONER AND P. K. HEGARTY

( Submitted on behalf of the Analysis Commiittee of the Institute of Brewing)
{ Chairman: F. R. Sharpe)

An inter-collaborative tasting exercise was undertaken in which panels at seven different brewing
companies compared the flavour of four beers in duplicate. Statistical analysis demonstrated that the
results from individual panels were repeatable but there was little consistency between panels.
Generalised Procrustes Analysis demonstrated that inconsistencies between panels were due to
differences in the use of flavour terminology and differences in the use of scoring scales. It Is
suggested that consistency could be significantly improved by introducing standardised flavour

methods and training across the brewing industry.

INTRODUCTION

It has long been recognised that there are real practical and
commercial benefits to establishing standardised analytical
methods that produce consistent results between different
laboratories, both within the same company and between
different brewing companies. Standardised analytical methods
are well established in the brewing industry world-wide’. The
study reported below was an initial investigation into the
feasibility of introducing standardised methods into the flavour
assessment of beers.

The availability of reliable flavour data is essential for the
control of beer quality. Procedures are now well established for
training and monitoring individual flavour profile panels to
ensure that results are statistically robust?. The widespread
practice of brewing the same beer quality at a number of
different brewing sites and the increasing occurrence of fran-
chise brewing has increased the need for standardised flavour
methods producing results that are consistent between different
brewing sites.

The Analysis Committee of the Institute of Brewing (I0B)
formed a flavour sub-comittee in 1991 with a remit of estab-
lishing standardised flavour methods. A Sensory Analysis
Manual was published in 1995%, which included a common
flavour assessment proforma for use in flavour profiling beers.
This was based on a consensus of flavour profile terms used in
various brewing companies.

The new flavour profile form was tested in a series of inter-
collaborative flavour assessments involving panels from seven
different brewing companies. Initially all the panels were un-
familiar with the new forms but all had used the new proforma
several times before the exercise reported below was carried
out.

Four different small-pack beer samples were assessed by the
participating panels. The samples were deliberately chosen to
be sufficiently different so as to ensure that there were real
flavour differences between the beers.

The beers were assessed on two different days by all of the
seven panels in order to establish both the repeatability of
results from the same panel and the reproducibility of results
from different panels.

MATERIAL AND METHODS

Flavour Assessment

Sensory data was collected on four beers by seven different
test centre panels in duplicate sessions. The number of panel-
lists ranged from 6 to 11 for each session. Each panellist scored
39 attributes (17 aroma and 22 taste terms) using the standard
form in the OB Sensory Analysis Manual* employing a scoring
scale from zero (absent) to 9 (extreme).

The samples were:

2% (v/v) sweet stout
4% (viv) lager

4% (viv) ale

8% (v/v) “super” lager

The different panels tasted the beers during the same week so
as to minimise variability in the samples due to oxidation.

Statistical Methods. Statistical analysis of the data was
carried out using Unscrambler (version 5.5, CAMO A/S, N-
7011, Trondheim, Norway), Excel (version 5.0, Microsoft
Corporation) and Procrustes-PC (version 2.2, Oliemans Punter
& Partners, Netherlands) software packages.

RESULTS

Basic statistics

Table I shows the summary statistics for the data generated
by the seven panels. For a large number of the attributes the
covariance is greater than 100%. This indicates that there is
significant variation in the data which could be due to either
differences between the samples or that the same sample is
scored differently by the separate panels.

In all but two cases (sweet flavour and full flavour) the value
of the mean score for each attribute was below 4, suggesting a
reluctance by the tasters in each panel to give high scores. This
is a common phenomenon in sensory assessment and indicates
the need for further training in the use of the scoring scale.

. The correlation matrix for the data set shows strong inter-
correlations between aroma and taste scores described by many
of the flavour terms (Table II). In effect this means the same
attribute is being scored twice. The analysis and presentation of
sensory data can be facilitated by removing this duplication.
Furthermore this would remove some “noise” (random
variation) from the data.

Duplication of aroma and flavour scores could be eliminated
by using a modified profile form in which aroma and palate are
no longer scored scparately. However, this would make it
harder for tasters to complete the profile form. Alternatively
assessors could continue scoring aroma and palate scores
separately, and the scores could be combined mathematically as
part of the data handling process. This could simply be the
mean of the aroma and palate scores or alternatively could
involve the use of whichever score is greater for each taster
when the overall panel mean is calculated.

Analysis of Variance (ANOVA)

Analysis of Variance (ANOVA) was carried out on the
flavour results to assess the variability between different beer
samples and between different brewery panels. ANOVA was
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TABLE 1. Summary statistics (56 scores for ench sensory attribute) TABLEIII. Summary of ANOVA
Covariance Sources of Variation (p-values)
Mean Minimum Maximum (%)

Attribute (Aroma) Test Centres Products Interactions
Ethanolic 2.57 0.18 643 59.95 Attribute (Aroma)
Fruity 3.18 1.20 6.50 37.48 Ethanolic 0.0000 v 0.0000 v 0.0192
Estery/Solvent 3.25 0.74 6.86 48.28 Fruity 0.0000 v 0.0000 v 0.0384
Floral 1.96 0.14 5.25 57.58 Estery/Solvent 00000 0.0000 v 00020 v
Spicy 1.03 0.060 2.75 63.92 Floral 0.0000 v 0.06000 v 0.0020 v
Hoppy 225 0.12 45 47.46 Spicy 00000 v 0.0215 0.0466
Grainy 1.74 0.25 3.90 48.52 Hoppy 0.0768 0.2086 0.5891
Malty 2.88 1.13 5.14 3741 Grainy 00000 v 0.0947 0.0102
Burnt/Roast 1.73 0.00 5.30 82.22 Malty 0.0000 v 0.0000 v/ 0.0000
DMS 1.33 0.00 3.75 79.50 Burnt/Roast 0.0000 vV 0.0000 v 0.0239
Sulphidic 1.32 0.00 5.25 103.18 DMS 0.0001 v 0.0000 v 0.0068 ¢
Acetaldehyde 0.14 0.00 1.00 168.06 Sulphidic 0.0000 v 0.0000 v 00.0001 v
Phenolic 0.50 0.0c0 2.60 134.87 Acetaldehyde 0.0970 0.9401 0.6690
Diacetyl 0.29 0.00 1.10 125.15 Phenolic 0.0060 v 0.0099 v 0.1768
Stale/Oxidized 1.01 0.00 3.37 81.17 Diacetyl 0.0010 v 0.0064 v 0.0250
Acidic 0.24 0.00 1.12 118.67 Stale/Oxidized  0.0000 0.0033 v 0.2761
Metallic 0.18 0.00 1.20 159.22 Acidic 0.0000 v 0.0201 0.3685

Metallic 0.0000 v 0.3565 0.0543

Attribute (Taste)
Ethanolic 1 0.20 8.14 61.90 Attribute (Taste)
Fruity 3.24 0.57 7.25 46.61 Ethanolic 00000 v 0.0000 v 0.0006 v
Estery/Solvent 3.39 0.89 7.30 51.31 Fruity 0.0000 v 0.0000 v 0.0002 v
Floral 1.84 0.00 5.62 63.88 Estery/Solvent  0.0000 v 0.0000 v 0.0005 v
Spicy 1.08 0.00 3.37 7597 Floral 0.0000 v 0.0000 v 00012 v
Hoppy 237 0.12 5.00 46.17 Spicy 0.0000 v 0.0000 v 0.0007 v
Grainy 1.79 0.37 3.90 41.78 Hoppy 0.0000 v 00000 v 0.0092 v
Malty 312 1.02 6.62 40.10 Grainy 00000 v 0.0522 0.0043 v
Burnt/Roast 1.86 0.00 5.00 74.15 Malty 0.0000 v 0.0006 v 0.0162
DMS 095 0.00 4.00 102.05 Burnt/Roast 0.0000 v 0.0000 v 0.0002 v
Sulphidic 0.84 0.00 4.38 133.77 DMS 0.0000 v 0.0000 v 0.0000 v
Sulphury 0.74 0.00 2.62 94.51 Sulphidic 0.0000 v 0.0000 v 00001 v
Sweet 4.89 1.55 8.80 45.11 Sulphury 0.0000 v 0.0000 v 0.0001 v
Bitter 399 0.85 7.14 39.31 Sweet 0.0000 v 0.0000 v 0.0729
Fullness 4.36 1.80 1.57 32,07 Bitter 0.0000 v 0.0000 v 00049 v
Acetaldehyde 0.15 0.00 1.00 160.53 Fullness 0.0000 v 0.0000 v 00013 v
Phenolic 0.67 0.00 4.80 150.35 Acetaldehyde 0.9086 0.0508 0.0717
Diacetyl 0.22 0.00 1.60 150.86 Phenolic 00000 v 0.0000 v 00001 v
Stale/Oxidized 117 0.00 3.50 82.66 Diacetyl 0.0001 v 0.0138 0.0388
Acidic 1.15 0.00 4.40 114.17 Stale/Oxidized  0.0000 ¢ 0.0001 v 0.1725
Metallic 0.53 0.00 2.13 107.95 Acidic 00000 v 0.0002 v 0.0281
Astringent 253 0.00 6.12 61.65 Metallic 0.0000 v 0.0380 0.1074

Astringent 0.0000 v 0.0000 v 0.3843

TABLE II. Strong correlation in the sensory data

Correlation coefficient (r) for

Sensory descriptor aroma vs taste term

Ethanolic 0.922
Fruity 0.866
Estery/Solvent 0.935
Floral 0.884
Spicy 0.862
Hoppy 0.880
Grainy 0.688
Malty 0.734
Burnt Roast 0.869
DMS 0.868
Sulphidic 0.881
Acetaldehyde 0.173
Phenolic 0.865
Diacetyl 0.735
Stale/Oxidized 0.859
Acidic -0.081
Metallic 0.611

carried out for each of the 39 attributes using two-factor
analysis with replication. Table III presents a summary of the
sources of variation. The p-values shown on the table are a
measure of statistical significance; p-values of less than 0.01
indicate that the variation is significant at the 99% confidence
interval. The results show that the four beers were judged to be

v = 99% Significant.

significantly different from each other on 29 out of the 39
attributes.

However, the ANOVA results also show that the test centres
are scoring the products differently on 36 out of the 39 attri-
butes. This means that scores from different centres cannot be
compared directly. This is shown more clearly by plotting the
scores for single attributes for each beer and test centre. Figures
J and 2 are examples of such plots and clearly show different
parts of the scale being used by each test centre.

The different use of scoring scales by the panels for the same
attribute can be corrected in a number of ways:

¢ Inter-laboratory monitoring of panellists. Results being fed
back to the panels to correct their scores. This would be
time consuming and costly.

e Training the panellists using industry-wide flavour stand-
ards with recommended scores for set concentrations.

e Apply multidimensional statistical scaling methods such as
Generalised Procrustes Analysis (GPA) to statistically
“correct” the scores from different sites.

Generalised Procrustes Analysis

When the results from different panels are averaged, there is
a loss of information. For example the means for estery/solvent
aroma for the four beers overlap each other at the 95%
confidence level (A=2.63+0.47, B=4.86=0.93, C=3.30=0.63,
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F1a. 2. Comparison of the DMS scores given by seven different test centres (1-7) on four different beers (A-D).

D=2.19+0.49) implying that beers A, C and D are not
significantly different using this attribute. However, individual
panels do show statistically significant differences in ester
scores between the different beers. It is the way that the scoring
scale is used by different panels that introduces increased
variability into the data and thus masks differences between the
samples.

Generalised Procrustes Analysis (GPA) is a statistical
method for re-scaling data to find a consensus or “better overall
average”. GPA can take account of three major sources of
variation:

(1) An interpretation effect—the words used to describe an
attribute have different meanings at different test centres.

(2) A level effect—the attributes are scored using different
parts of the response scale.

(3) A range effect—each attribute is scored over a different
range on the response scale.

These effects are accounted for by translation, rotation/
reflection and isotropic scaling of the data' to give a form of
principal component plot. GPA analysis was carried out on the

data using Procrustes-PC v2.2. The results are shown graphic-
ally in Figure 3. The first two principal components accounted
for 53.9% and 29.3% of the variance respectively. This
separated the samples into three distinct clusters: the two ales
and the lagers. Adding a third principal component (account-
ing for 16.8% of the variation) separated the two lagers into
distinct clusters (Figure 4). These results indicate that all the
test centres could distinguish the different samples provided
that differences in scoring were taken into account.

DiscussION

The results of this study have shown that different brewery
flavour profile panels can distinguish four different beer
samples using a standardised set of profile descriptors. How-
ever, the results from different panels are not comparable. The
different panels appear to use the same flavour descriptors to
describe different flavour characters. This is inevitable when
individual panels use different flavour descriptors in their
routine assessment and are trained using different flavour
standards. Standardisation of training and of the descriptors
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FiG. 3. The first two principal components of Generalised Procrustes Analysis (GPA) of the sensory data from four different test centres on four
different beers. Principal components 1 and 2 account for 52.2% and 28.1% of the variance respectively. The first two components of GPA
clearly resolved three different product clusters—two different ales and a combined lager cluster.
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FiG. 4. Generalised Procrustes Analysis (GPA) of the sensory data from four different test centres on four different beers, including the third
principal components. The first two principal components explained 80.5%. The third principal component explained a further 16% of the
variability in the data and allowed the lager cluster to be separated into two different groups.

employed by panels will be necessary if the differences in the are similar to those that are encountered between different
use of flavour vocabulary are to be eliminated. Furthermore the  tasters within a single panel.

different panels use the scoring scale in different ways. For It is possible to regard the different panels used in this study
instance some score high, some low. These sources of variability as being analogous to the different individual tasters in a single






