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Sensory Evaluation
Internationally

ithin the European Union (EU), the

market for consumer goods now
extends to more than 350 million consumers.
This is a huge potential market made even more
accessible by the removal of barriers to trade
within the member states of the EU. However,
the market is diverse, with major economic and
cultural differences among countries and
regions. For food and drink manufacturers and
retailers, understanding how products relate to

this market is key to their success.

Sensory science is increasingly seen as provid-
ing the tools to aid companies to understand
those product characteristics which are important
in determining consumer likes and dislikes. A
combination of sensory analysis with trained
panels and market research with consumers is
recognized by many companies as a valuable step
in product optimization, to ensure that product
development is targeted and focused.

In the context of sensory analysis and interna-
tional trade, little work has been reported on com-
parisons of descriptive sensory profiling by differ-
ent laboratories in different countries, and how this
relates to consumer acceptability and preference. It
is recognized that sensory analysts in different lab-
oratories and countries have different approaches
to descriptive profiling, yet all are considered ex-
perts within the field. It was not known whether
some aspects were more important to control than
others, and whether there would be consequences
for sensory science if different laboratories pro-
duced different results for the same products. For
food manufacturers selling products throughout
the EU, it is clearly important to establish whether
the description of products for development and
control can be performed in one country even if
products are distributed in other countries, and
whether the profiling data obtained in a particular
country can be related to consumer preferences in
other countries.

An interlaboratory study was therefore carried
out by the European Sensory Network (ESN), an or-

ganization whose members are committed to working
together to develop and improve sensory methodolo-
gy for the benefit of the European food industry.

Descriptive Analysis of Coffee

To establish whether panels operating in dif-
ferent organizations in Europe would characterize
products in the same way, it was essential to en-
sure that all panels received identical products and
that all preparation procedures were standardized.
[t was also thought important that the product se-
lected for the study was universally consumed by
all countries taking part in the exercise.

Products. Samples of high-quality roast
ground coffee were selected to represent the range
of coffees typically consumed in Europe. Advice
on sample selection was provided by the Interna-
tional Coffee Organisation (ICO), which also car-

o

ried out coffee bean roasting and sample prepara-
tion under controlled conditions. One coffee was
roasted to three different levels to represent the
degree of roast which could be encountered in the
marketplace. All roasted beans were ground to the
same degree. Measured amounts of coffee were
vacuum packed to maintain freshness and to en-
sure controlled concentration of coffee in sample
preparation. One coffee was packed at three dif-
ferent weights to ensure three different concentra-
tions to cover the different strengths of coffee nor-
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The 16 coffee samples used for

the sensory profiling, with the preferred

consumer smples identified

Sample  Country Roast
1 Brai Light-Medium
2 Brazil Light-Medium Yes
3 Columbia Medium
4 Indonesia Medium-Dark ~ Yes
5 Uganda Medium
6 Zaire Medium-Dark
7 Hawaii Medium
8 Ethiopia Medium Yes
9 Guatemala ~ Medium
10 Various (Decaffeinated)  Yes
11 Kenya Light Yes
12 Kenya Medium Yes
13 Kenya Dark Yes
14 Brazil/

CostaRica  Medium (40 g/L)
15 Brazil/

Costa Rica Medium (55 g/L) Yes

mally consumed. In all, 16 samples were
used in the study (Table 1).

Sample Preparation. All samples
used in the study were prepared in the
same way. Fach participant received four
new brewing machines of the same type,
and used these exclusively for the study.
The procedure for brewing coffee was
standardized by ICO and followed by all
participants. Bottled Evian water was
used to prepare coffee, thereby excluding
the effect of regional water variability.
Participants used different methods to
hold samples after brewing and prior to
tasting, with the requirement to serve
samples at a temperature of between 50
and 60°C. Brewed samples were held for
a maximum of 20 min and then discard-
ed if not used by the panel.

Panels. Eleven panels from eight dif-
ferent countries (including three from
France and two from the U.K.) took part
in the study, with each panel comprising
7-12 judges. Most panels had no experi-
ence in descriptive analysis of coffee, al-
though most had experience in descrip-
tive analysis of other products. The panel
from ICO had been exclusively used for
descriptive analysis of coffee and had
many years of experience.

Training of panels was left largely to
individual panel leaders. Standards and
training samples were provided by ICO,
together with a list of 25 descriptors with
definitions in English and French, al-
though most panels developed their own
vocabulary of coffee flavor and after-flavor
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Preference

characteristics. Some panels also
developed vocabulary to describe
coffee odor.

All evaluations were carried out
in facilities designed for sensory
analysis, and appropriate measures
were taken to minimize sample col-
or differences during the evalua-
tions. The procedure for sample
evaluation was not standardized,
and although ICO advised spitting
out samples after assessment, some
panels chose to swallow or let it be
optional. Most panel leaders re-
quired judges to clean their palates
between samples.

Evaluations were carried out
by all panels in sessions of four
samples per session, although the
number of sessions per day and
the timing of the ses-

ences between samples that are described
by the data. Biplot representations of the
data for each participant for dimensions 1
and 2 were produced. For example, Figs. 1
and 2 show the results for the Norway
and U.K. panels; the numbers refer to the
samples in Table 1. Samples which are
close together on the biplot are perceived
as similar by the panel, and those furthest
apart are the most different. However, two
samples can be close together on the first
dimension, but far apart on the second
dimension. To understand why, one needs
to look at the direction and position of
the attributes from the origin. The length
of the attribute vector from the origin in-
dicates the contribution to the structure
of the sample map: the longer the line, the
more important the attribute in contrib-
uting to the description of the product

sion varied from par-
ticipant to partici-
pant. However, par-
ticipants followed the
same experimental design,
ensuring that the same sam-
ples were grouped in ses-
sions for all panels, and
three replicate judgments

vimensicn 2
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were made on each sample

by each judge.

How the Coffees

Compared

Describing the differ-
ences and similarities be-
tween products is the main
purpose of descriptive

Dimension 1

Fig. 1—Sample and attribute biplot derived from principal
component analysis (PCA) of the sensory profile data from the
Norwegian panel

analysis. In this study,
much was known about
the characteristics of the
products from previous
work carried out by ICO.
It was important, there-
fore, to establish two
things in the analysis of

11

Grassf
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Dimension 2

the results:

1. To establish whether
the panels characterized
the samples in the same
way, even though they were

using different attributes
and different languages.

2. To make sure that
this characterization
“made sense” with what was already
known about the samples.

The multivariate statistical procedure,
principal component analysis (PCA), was
used to summarize the key information in
the data while still explaining the differ-

Dimension 1

Fig. 2—Biplot for the U.K. panel

characteristics. The angle the vector
males with the dimension indicates its
contribution to sample separation along
the dimension: the smaller the angle, the
greater the contribution.

A direct visual comparison of Figs. 1
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and 2 in terms of attributes was not pos-
sible, as each participant used different
attributes, different numbers of at-
tributes, and different languages to de-
scribe the coffee. However, if the panels
were delivering the same “overall infor-
mation” about the samples, then it
should be possible to obtain similar sam-
ple structures from each panel. In this
instance, the sample structure for each
participant was very similar, with the
main differences being in the degree of
separation of the samples.

Looking at the individual panel plots
in more detail, it was apparent that di-
mension 1 represented the “bitter vs
non-bitter” of the coffees profiled. Thus,
on the bitter side, it was always common
to find the two Robusta coffees, the
washed Java (4) from Indonesia and the
unwashed Zaire (6). Also, because of its
dark roast, the washed Arabica Kenyan
(13) was always found on the bitter side.
This is expected, since Robusta coffees,
either washed or unwashed, develop a
very characteristic profile, with bitter as
one of the main attributes. Similarly, the
dark-roasted, washed Arabicas will lose
most of their acidity at that roasting lev-
el. Even if Robustas are roasted lighter
than the roast used for this study, most
of them would still develop a bitter char-
acter which will not be found in Arabica
coffees roasted to the same degree.

The non-bitter (or less-bitter) coffees
were the Brazilian Arabica (2) processed
by the “semi-dry” field processing meth-
od, the light-roasted Kenyan (11}, and
the Colombian washed Arabica from the
Medellin coffee-growing region (3).
These coffees are typically characterized
by a medium/high acidity. Acidity is an
attribute which, in the coffee trade, is
mostly considered to be independent of
bitterness; i.e., they are two different di-
mensions. [t does not necessarily follow
that non-bitter coffees are acidic. For
most panels in this study, dimension 1
was represented by the bitterness of cof-
fee, along with burnt, smoky, ashy, tobac-
co, rubbery, chemical, roasted, strong, and
woody, while acidity was a main attribute
on dimension 2, together with green,
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sweet, floral, and fruity characters.

As expected, the unwashed Arabica
from Brazil (1) was characterized by
most panels as having low bitterness, ei-
ther low or medium acidity, and some of
the attributes caramel, sweet, spicy,
green, herbal, nutty, and floral. In con-_
trast, the other unwashed Arabica, Djim-
ma 5 from Ethiopia (8), was apart from
the unwashed Arabica from Brazil (1) on
the biplots, indicating that it was charac-
terized in a different way. This particular
coffee is always highly sought after by
gourmet traders.

The four other washed Arabica cof-
fees, Uganda Bugisu (5), Hawaiian Kona
(7), Guatemalan (9), and decaffeinated
Colombian/Kenyan blend (10), were
mostly positioned toward the center of
the biplots, although there was always a
clear separation between them for most
panels, For example, for the ICO panel,
the decaffeinated sample (10) was close to
the attributes nutty and caramel, while
sample 9 was closer to the chemical, cere-
al, earthy, and woody attributes. On the
other hand, 7 was more fruity/winey and
close to sweet and malty and 5 was more
bitter and close to the attribute ashy.
While these four coffees were roasted to
the same degree, their sensory profiles are
influenced, of course, by the climatic con-
ditions and husbandry practices at origin.

Coffees 14, 15, and 16, which repre-
sented three different brewing concen-
trations of the same coffee, showed a
clear increase in bitterness as the concen-
tration increased by the panels from
Denmark, Holland,

changed from light (11} to medium (12)
to dark (13). With respect to bitterness,
the dark roast was always clearly separat-
ed, whereas the differences between the
light and medium roasts were less clear.
For some panels, acidity was high for light
roast, decreased at medium roast, and
completely disappeared for dark roast.
Other panels, however, tended to find a
stronger developed acidity with medium
roast, and slightly less acidity with more
sweet, nutty, caramel, and malty notes
with light roast.

A Common European
Vocabulary

One objective of the study was to try
to establish whether panels operating in
different organizations in Europe would
characterize products in the same way.
The initial interpretation of the biplots
outlined above confirms that panels are
able to characterize the main variation
within the sample set in a similar way.
From what is known in the coffee trade
about the quality characteristics of dif-
ferent types of coffee, they are able to de-
scribe the sample differences in a way
which makes practical sense. From an in-
dustrial perspective, these results dem-
onstrate the objective nature of descrip-
tive analysis using trained panels, and
that the description of products for de-
velopment and control could be per-
formed in one country even if products
are distributed in other countries.

A second objective was to bring to-
gether attributes and profiles from each
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sity along the bitter/
burnt/roasted di-
mension. The other panels, France 1,
France 3, Norway, and Poland, did not
clearly separate between the two highest
concentrations, meaning that the panels
did not find major differences between
the samples.

For all panels, there was a clear pic-
ture of the changes in sensory profile of
the Kenyan coffee as the degree of roast

other samples

Fig. 3—Biplot for the sensory profile data
associated with the devised European
vocabulary

of the different European participants,
and in so doing, propose a common vo-
cabulary that would be understood by all
panels. Detailed analyses of the data were
carried out to establish whether a com-
mon meaning was a reasonable and jus-
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It was possible to propose a commaon
vocabulary of 13 attributes: bitter, burnt,
rubber, roast, chemical, strength of coffee
flavor, acid, fruity, citrus, sour, rancid, as-
tringent, and floral. A PCA was per-
formed on this selected European vocab-
ulary of 13 attributes, and the results are
presented as a biplot in Fig. 3. Dimension
1 was described as a bitter/burnt/roast
axis, while dimension 2 separates samples
on acid/fruity/floral characteristics. In
terms of sample structure, this European
biplot is visually similar to those ob-
tained from individual panels, and the
relationships between the attributes also
reflected those of the individual panels.

Relating Consumer Preferences
to Sensory Attributes

For food and beverage companies in
Europe, understanding product differ-
ences is not enough. Companies recog-
nize the economic importance of under-

FRANLCE

BRAFIL - LIGHT-MEDIUM EBMYA - LIGHT

IHDONESA - MEDIUM-DARK B KBEYA - MEDRIM

ETHIORA - REDRIM B NNEN - B of subsequent con-
ma  BRAZIL COSTA RICA - MEDIUN 4

YARIOUS - (DECAFFEINATED)

0

MORWAY POLAND
Fig. 4—Histogram of the sample hedonic

mean scores for four of the eight consumer
panels

er there were groups of European con-
sumers who had the same likes and dis-
likes, and whether these could be ex-
plained in terms of sensory descriptions
identified by the trained panels.
Tollowing the descriptive analysis, it
was clear that the coffee sample map
could be adequately represented by fewer
samples, so eight coffees were selected
for the consumer trials based on the de-
scriptive profile sample maps. Samples 4
and 13 were chosen to represent the
group of three samples (4, 6, and 13) po-
sitioned at the far right of dimension 1.
Samples 11 and 12 represented the sam-
ples at the far left of dimension 1 and
were chosen because they were light and
medium roasts of the same coffee. Sam-
ple 8 was chosen to represent the “mid-
dle” of dimension 1. The other three
samples selected were 2, 10, and 15. Se-
lection of a smaller number of samples
had practical benefits in the organization

sumer frials.

Eight separate
consumer trials
were carried out in
Poland, Sweden,
Denmark, Norway,
Germany, France 1,
France 3, and the
UK. Essentially the
same experimental
procedures were

UK used by each partic-
ipant, and any differences in the way in
which samples were presented to consum-
ers, and the questions asked, were record-
ed. All participants used a 9-point hedonic
scale and aimed to recruit 70-80 consum-
ers (51 achieved in Denmark).

Simple histograms (such as that
shown in Fig. 4 for four countries) illus-
trating the hedonic mean score for each
sample made it easy to observe similari-
ties and differences between panels. For
example, the washed Indonesia Robusta
(4) was scored highly by Polish and U.K.
consumers, yet was least liked by con-
sumers in other countries. Also, the Bra-
zilian/Costa Rican/Mexican blend (15)
was on the whole the most acceptable
sample across all countries.

It was more interesting, however, to
segment the consumers into groups with
similar likes and dislikes, rather than by
country. The data from all 605 consum-
ers were analyzed by cluster analysis, and
eight clusters were selected. The number
of consumers falling within each cluster
was 62-99, and it was possible to see
clear differences in preference between
the clusters, as well as the proportion of
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third of the total number of consumers in
the cluster. Similarly, the Indonesian Ro-
busta (4) was the most acceptable coffee
for cluster 2, indicating that even though it
was the least liked coffee overall, there was
a group of consumers which had a posi-
tive preference for it (Poland 36% and
UK. 24%).

A PCA was performed on the mean
sample scores, where the eight clusters
each represented one group of consum-
ers (Fig. 6). To interpret the biplot, it
should be realized that the lines represent
directions of increasing preference. To
determine which samples are most liked
for a given preference segment, projec-
tions from the preference line to each of
the samples should be made, as illustrat-
ed for cluster 2 in Fig. 6. From this biplot,
it can be seen that consumers in clusters
3 and 6 preferred the Brazilian Arabica
medium/light roast (2) and the Kenyan
Arabica light roast (11). Clusters 2 and 5
had preference vectors in the opposite di-
rection, indicating that these consumers
preferred the Kenyan Arabica dark roast
(13), the Indonesian Robusta medium/
dark roast (4),

data collected in one country could be re-
lated to descriptive sensory attributes gen-
erated by a sensory panel in another
country. Once again, this would have dis-
tinct advantages to industry who wished
to develop and manufacture products in
one country and be confident that they
met the particular requirements of con-
sumers in their target market.

In Fig. 6, the sensory attributes from
the common vocabulary were projected
onto the preference map, to represent di-
rections of increasing attribute intensity.
It can be seen that sample 4, the Indone-
sian medium-dark coffee, and sample 13,
the Kenyan dark, had chemical and as-
tringent characteristics, which were gen-
erally negative for preference. Consum-
ers in clusters 3 and 6 preferred coffees
with acid, fruity, and floral notes (e.g.,
sample 2, Brazilian light-medium), while
consumers in clusters 2 and 5 liked bit-
ter, burnt, roasted coffees with more
body (e.g., sample 13, Kenyan dark).

Applicable to Other Products

We recognize that the results of this
interlaboratory study are specific to roast
and ground coffee, and that the interpre-
tation of the data is specific to the sam-
ples within the trial. Nonetheless, this
was an extensive study, and the method-
ological results have clear implications
for the whole of the European food and
drink industry, not to mention for stud-
ies in America, Australasia, etc.
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Fig. 6—PCA biplot for the eight samples selected for the consumer
trial and the main directions of preference

Nevertheless, the methods used in
this study are directly applicable to other
products, and a number of important
conclusions can be drawn:

* Descriptive profiling using trained
sensory panels is an objective tool which
can be used effectively in product devel-
opment and control for definition of
product characteristics.

* Panels operating “best practice” for
the selection and training of sensory
panels for descriptive analysis are able to
discriminate and characterize sample
differences in the same way. Therefore, it
is possible to profile products in one
country, confident that the interpreta-
tion of the results can be understood in
other countries.

* It is possible to develop a common
vocabulary for products which can be
used by different sites throughout Europe,
and which ensures a common under-
standing between panels at different sites.

« It is possible to establish consumer
preferences for products in different
countries, or groups of consumers with
similar likes and dislikes, and relate these
to sensory descriptive analysis in a way
which means that directions of common
preference can be obtained together with
the attributes driving preference.

This work was always intended as an
initial study which will raise as many
questions as answers. For example, this
study did not investigate in detail why
consumers fall into particular segments
and what common characteristics they
share. Nor did it address the issue of
communication of sensory claims. In
what way, for example, should a compa-
ny inform consumers about the sensory
properties of its product, what kinds of
expectations are raised by this informa-
tion, does the product come up to these
expectations, and if not, why not?

Furthermore, access to a large and
complete data set has allowed some nov-
el statistical techniques to be applied and
further developed, giving further infor-
mation on the development and applica-
tion of sensory methodology.

Edited by Neil H. Mermelstein,
Senior Editor @
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