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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the work 1SQO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanflards
adopted by fthe technical committees are circulated to the member bodies for voting. ‘Publication gs an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13299 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 12, Sehsory
analysis.
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Introduction

The purpose of this International Standard is to serve as guidance on those steps that are common to all
sensory profiling. Reference is given in Clause 4 to existing and planned International Standards describing a
part of the process (e.g. the choice of descriptors or of scales) or describing specific types of sensory profiling
(e.g. texture or flavour profiles).

A sensory profile is a descriptive analysis of a sample by a panel. The sample may be a proddef (e.g. a food,
bevefage, tobacco product, cosmetic, textile or paper). It could also be a sample of air or water|being tested
for pollutants. Profiling can be carried out in a number of ways. Over the years, a few‘of the

formalized and codified as descriptive procedures by professional societies or by grodps of p

user
Stan

Sens
numl
The |
profil
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perce

Thre¢ factors need particular attention when establishing a(rofile:

for the purpose of improving communication between themselves. The purpose of this
ard is to provide agreed guidelines for such descriptive procedures.

pry profiling is based on the concept that the sensory impression made by the sample
er of identifiable sensory attributes (descriptors), each of which is present to a larger or snj
st of all relevant sensory descriptors, each with its intensity value,(is the sensory profile. S

have been
oducers and
International

consists of a
aller degree.
pme sensory
Cular senses.

bs take a view across all of the senses; others (partial profiles)-eoncentrate in detail on parti
samples may be different yet have the same partial profile. Ysually the attributes are listed in the order of
ption.

— that assessors differ in their sensitivity and threshalds by which they sense individual attributes;

— that assessors may lack awareness or cognizance of certain attributes of a sample; and

— that in most samples there exists a “Comiplex” or “background” of attributes that are not easil

q

4

The i
selec
traine

eparated.

mpact of these factors can be greatly reduced, but not entirely eliminated, by putting more
tion of descriptors, and by-using larger numbers of repeat tests by larger numbers of sensiti
d assessors.

identified or

bffort into the
e and highly
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INTERNATIONAL STANDARD

1ISO 13299:2003(E)

Sensory analysis — Methodology — General guidance for
establishing a sensory profile

1

cope

This [International Standard describes the overall process for developing a sensory profile:” Ser
can bpe established for products such as foods and beverages, and can also be useful)in stud
cognition and behaviour. Some applications of sensory profiling are as follows:

NOTH
sense

NOTH
and 4

2

develop or change a product;

define a product, production standard or trading standard in terms %f its sensory attributes;
study and improve shelf-life;

define a reference “fresh” product for shelf-life testing;

compare a product with a standard or with other similar products on the market or under d

map a product's perceived attributes for thepurpose of relating them to factors such as
hemical or physical properties, and/or to consumer acceptability;

characterize by type and intensity the off-odours or off-tastes in a sample of air or vy
ollution studies).

1 Sensory profiles can also_be, established for non-alimentary products or samples which are ey
s of sight, odour, taste, touch grhearing.

2  Some International~Standards dealing with aspects of establishing a sensory profile are give

ormative references

The following“referenced documents are indispensable for the application of this documen
refergnces,C only the edition cited applies. For undated references, the latest edition of th
documient (including any amendments) applies.

sory profiles
es of human

bvelopment;

instrumental,

ater (e.g. in

pluated by the

h in Clauses 2

t. For dated
b referenced

ISO 4121, Sensory analysis — Methodology — Evaluation of food products by methods using scales

ISO 5492, Sensory analysis — Vocabulary

ISO 5496, Sensory analysis — Methodology — Initiation and training of assessors in the detection and
recognition of odours

ISO 6564, Sensory analysis — Methodology — Flavour profile methods

ISO 6658:1985, Sensory analysis — Methodology — General guidance

© IS0

2003 — All rights reserved


https://standardsiso.com/api/?name=d8d0b8215f53efac2a2f6cc0b6dd5140

ISO 13299:2003(E)

ISO 8586-1, Sensory analysis — General guidance for the selection, training and monitoring of assessors —
Part 1: Selected assessors

ISO 8586-2, Sensory analysis — General guidance for the selection, training and monitoring of assessors —
Part 2: Experts

ISO 8589, Sensory analysis — General guidance for the design of test rooms

ISO 11035, Sensory analysis — Identification and selection of descriptors for establishing a sensory profile by
a multidimensional approach

ISO 11036, PTTTISUTYy auallyofo - l"VfUthUdUllUyy - TGAtUIG T Uﬁllc

ISO 11056, $ensory analysis — Methodology — Magnitude estimation method

3 Terms|and definitions
For the purpgses of this document, the terms and definitions given in ISO 5492 and the-following apply.

31
sensory profile
description of the sensory properties of a sample, comprising the sensory-attributes in the order of perception,
and with ass|gnment of an intensity value for each attribute

NOTE THhis is a generic term for any type of profile, whether full or partial, trademarked or not.

3.2
partial senspry profile
profile comptiising certain selected attributes, with their intensity values

EXAMPLES Odour profile, flavour profile and texture-profile.

3.3
conventional sensory profile
profile obtained by statistical treatment of data issued from several assessors using a single list of attribufes

3.4
consensus sensory profile
profile obtairled by consensus-after discussion by a group of assessors, each of them having assessed the
product according to his/her ewn criteria before the discussion

3.5
free-choice sensoryprofile
profile in which.€ach assessor chooses his/her own attributes to describe a group of samples and in which
consensus space is derived statistically, for example by generalized Procrustes analysis

3.6

time-intensity sensory profile

profile that describes the intensity of a given attribute as it changes over a period of time, following a single
application of the stimulus

2 © ISO 2003 — Al rights reserved
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4 Principles

Table 1 presents points to consider in the choice of technique.

ISO 13299:2003(E)

Steps in establishing a sensory profile are common to all methods of sensory profiling and are set out in

Table 2.
Table 1 — Suggested area of application of different profiling techniques
Technique Principle Area of application Advantages Disadvantages lllustrative
examples
Conventional Assessors, seated in | The most-used technique. | Generally the most Relatively Standard
profiling booths, score each Suitable for routine reliable technique. expensive because\ |teéxtbooks, e.g.
sample on a applications and for . fairly large panels references [1]
preselected set of research, e.g. in Profilesare and good boeth to [5] in
attributes and scales. |development and quality | éProducible withina | 5 eaq are caquired. | Bifliography.
control of consumer goods. |Panel and over time. :
Various procedures exist If_sufﬁment training is Pa_ne_:l selection and
for choosing descriptors, | 9iven and enough trainiry are
see Table 3. reference standards relatively time-
are used, profiles are_(}eonsuming.
also reproducible
between panels.
Consgnsus Through consensus Suitable for routine sensory | Many samples,can be | Profiles obtained Seg reference [1].
profilihg discussion the panel, [evaluation of a variety of tested atselatively low | are unique to a
seated around a table, [ miscellaneous products cost insamples and given panel and set
develops its own such as those offered ina [ assessors' time. of samples.
terminology and supermarket. Also useful )
scores pertaining to | for non-recurring sets of The quality of the
the sample set e.g. 3 to 10 similar items. data is very
presented. deper?dent on the
experience and
ability of the panel
leader.
Free-ghoice Assessors, seated in | Can be used\with Minimum training is Profiles obtained Seg reference [6]
profiling booths, are free to experienced-assessors as | required. No need to [ are unique to a forla description
each choose their own | a preliminary step to spend time on the given panel. angl review.
terminology and scale. | develop terms for development of )
A profile is derived consideration as reference standards. Profiles are
statistically, e.g. via (['descriptors. expressed in terms
generalized _ _ of mu!tlvanate
Procrustes analysis. Alternative prqcedure in equgtlons that
consumer testing of a require
group of products, avoiding interpretation by the
the need with naive panel leader.
assessors to develop a set .
of attributes and scales. Preparation a_md
data processing are
time consuming for
the panel leader.
Time{intensity | Assessors, seated in | Recommended in studies | The only technique Only one attribute Seg reference [7]
profiling booths, record the of attributes that change available to describe | (or at most two) can | for|a description
intensity ofan with time in the mouth _on attributes that change [he studied and review.
attribute over time. the skin, etc., after the with time, e.g. .
Training of

moment of ingestion or
application.

lingering aftertastes.

assessors required.

Technique is time-
consuming.

© 1SO 2003 — Al rights reserved
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Table 2 — Steps in establishing a sensory profile and relevant International Standard

Step No.

Action

Relevant International Standard

1. Establish a sensory facility

Establish booth area, preparation
area, etc.

ISO 8589 (Design of test rooms)

2. Select products that illustrate the
range of attributes to be encountered

One or two technical experts obtain
many products and select approx. 6 to
10 if possible.

Use experts trained per ISO 8586-2
(Expert assessors)

3. Select and train assessors for the
project

Panel leader assembles a group of
candidates and trains them, using the

nroducts from step 2
P L

ISO 8586-1 (Selected assessors)
ISO 5496 (Recognition of odours)

4. Select desgriptors (attributes)
suitable for the application (can be
combined with step 3)

Panel leader chooses from existing
terms, or assessors evaluate the
products from step 2 and propose a
number of descriptors. Selection is
made by consensus or by multivariate
analysis. Suitable reference standards
are selected with which the
descriptors can be demonstrated.

ISO 5492 (Vocabulary)
ISO 6564 (Flavour profiles)

ISO 11035 (ldentification-of
descriptors)

ISO 11036 (Texture profile)

5. Determine fthe order of perception of
the attributes|in the profile (if needed)

Panel leader works with the assessors
during steps 3 and 4.

6. Select the
to be used wi

bcale or scales of intensity
h the descriptors

Panel leader selects the most
appropriate scale(s).

1ISO 4121 (Evaluation using scaleq)
ISO 11056 (Magnitude estimation

7. Train the agsessors to use the
selected desqriptors and scale(s)

Panel leader works with the assgssors
to improve their sensitivity,
repeatability and the agreement
between them (the latterrdoes not
apply in free-choice profiling).

ISO 8586-1 (Selected assessors) and
ISO 1586-2 (Expert assessors)

8. Conduct the test(s)

Assessors evaluate-the test samples.

ISO 6658 (General guidance)
ISO 6564 (Flavour profiles)

9. Report the [results

Analyse thedata statistically and
present.the results in the form of
tablesrand diagrams; draw the
conclusion(s).

See 7.5
ISO 6564 (Flavour profiles)
ISO 11036 (Texture profile)

5 General test conditions

5.1 Test noom

Carry out sepsory_profiling in booths under the conditions as described in ISO 8589. For consensus profiling
and for the initial phases of the identification and selection of descriptors, arrange to have assessors sgeated

around a cerftfahtable, on which reference substances may be available; see ISO 8589.

5.2 Apparatus and sampling

Select the number of samples and their mode of presentation so as not to bias the results in any way; see

ISO 6658.

© ISO 2003 — Al rights reserved
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5.3 Preliminary discussion and test

See ISO 6658:1985, Clause 4. Ascertain that the assessors are fully familiar with any particular characteristic
to be studied and with the mechanics of the test. If necessary, arrange a preliminary general discussion
concerning the test problem and the nature of the samples. Present and discuss a few samples typical of the
series to be analysed. Limit the number to two or three. If the test concerns the description of off-flavours,
include in the preliminary test a sample free from any off-flavours, and/or a demonstration of the off-flavour to
be described. Present typical samples and direct the discussion in a manner that will not influence future
judgements.

5.4 Number of assessors

Descfiptive panels usually have 8 to 12 assessors, or maybe more. They may have as-few ps 4 (e.g. in
consgnsus profiling). They may have as many as 20 or 30 when the purpose includes testing for taints to
which only a minority may be sensitive. Specific instructions regarding panel size are notyappropiiate because
of the many factors that have to be considered. Larger panels are required if there are morg than slight
differences between the panel members as regards sensitivity and/or training.

6 $election, training and monitoring of the assessors

See [|SO 8586-1 and ISO 8586-2 for descriptions of the selectign; ‘training and monitoring qf assessors.
Recryit candidates through talks, circulars or personal contact. Interview and screen two to thiee times the
number of assessors required. The important characteristics are.the following:

— ipterest and motivation;

— ability to memorize and communicate sensory.impressions;
— availability for panel sessions;

— ¢apacity to concentrate and honesty-inreporting sensations;
— promptness;

— good health;

— ability to discriminate the specific characteristics studied;

— ¢ngagement for.the duration of the study.

Senspry acuity.is less important provided panel members balance each other's strengths and weaknesses,
which is often the case with panels of 10 to 15 or more.

Incluge-in screening procedures the products or samples for which the panel will be used. Follow with a
training programme using the product itself and the terminology selected according to 7.1. Include samples
chosen, produced or modified to cover the range of each attribute likely to be encountered in future panel
work. Note that the training programme and the selection of terminology may to some extent be combined into
a single activity. A panel may be trained for more than one type of product, but it is important, for each type,
that the panel has a good appreciation of the range of attributes that it may encounter.

Monitor the performance of selected assessors at appropriate regular intervals (e.g. by giving them coded
samples of known characteristics or by introducing replicates). It is the panel leader's responsibility to
organize retraining of any assessor whose performance has dropped from the level which permitted
admission to the panel.

© 1SO 2003 — Al rights reserved 5
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7 Procedure

7.1

711

Choosing the optimal attributes (descriptors)

General

At the discretion of the panel leader, use one of the three approaches set out in Table 3 or any combination
thereof for this important step. The purpose is to identify and select a set of non-overlapping attributes that, as

far as possib

le, permit a complete descriptive analysis of the samples under study.

7.1.2 Orderof pClbUptiUII

In addition t

detecting the attributes of a sample and then scaling each attribute, panels can _gdften g

differences gmong products in the order in which attributes are perceived and in the duration of-the’sens
In certain prpducts (e.g. beverages), the order of perception of certain attributes is as characteristic ¢f the
product profile as the individual flavour notes and their respective intensities. In other preducts, the or¢

perception c
the evaluatio

EXAMPLES

The order of
should be e
consumed o
the cool afte
texture and i
the product

determines W

n change, for example in accordance with textural or physical properties, orwith changes d
n.

A piece of chocolate which melts; a facial tissue which is moistened.

perception should determine the order in which attributes aréevaluated. Aftertaste or aft
valuated last; these are attributes which can still be petceived after the sample has
used. Aftertaste or afterfeel need not imply a defect or a'negative characteristic. For exa
rtaste of a mouthwash and the spicy afterheat of a curry are desirable flavour notes. Iy
h skinfeel and fabric feel applications, the order of.pefception can be predetermined by the
s handled. By controlling the manipulation (one chew, one manual squeeze), the panel |
hich attributes are allowed to be perceived first:

7.1.3 Overgll evaluation

As a part of
evaluations.

overall fi
amplitud
degree ¢

overall n

CAUTION
product devgq

a profiling session, usually at the end; assessors may be asked to provide one or more o
Examples are

uitiness or spiciness,

e (overall flavour interisity),

f presence of agreed defects, and

on-hedonic'score (e.g. by a particular system of grading or rating).

Hedanic evaluations by trained sensory panels can be biased. If they are used to guidg

etect
ation.

er of
uring

prieel
been
mple,
oral
way
pader

verall

new
bcted

lopment, its aim or goal should first be set by consumer tests in which respondents are sel

to represent

various prospective customer groups, and are asked to grade products on a scale of acceptability

or intent-to-purchase. Sensory assessors have been trained to be objective in describing food products and
may, consciously or unconsciously, adopt different measures for what is high or low quality.

© ISO 2003 — Al rights reserved
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Table 3 — Suggested procedures for choosing optimal descriptors

standards and use these
to teach the assessors the
quality of each descriptor
and, if needed, an
intensity scale for that
descriptor.

interpreted by other
groups and compared
to other research.

No. Principle Method Advantages Disadvantages lllustrative examples

1 Use existing Consult the literature and | The accumulated Existing terminology or Published terminology
terminology experts to make an experience of the reference standards may and many standards exist
and reference | appropriate selection. experts is utilized. include choices that are (e.g. for water [8]; dairy
standards. Acquire the prescribed Profiles may be imprecise or inappropriate for | products [9]; fish products

a particular set of samples.
Attributes may be missed that
could have been discovered
during the development of
new terminology.

[10]; beer [11]; wine [12];
Scotch whisky [13]; and
for attributes of texture
and fabric feel [14]).

2 Use the panel
in special
session to
develop the
terminology it
will use.

Using a panel of trained
assessors, develop the
terminology in round table
discussion under the
direction of an
experienced panel leader.

Reference standards are
used which may be
provided by the panel
leader or the test
requester, or by an
assessor during the
session. May be combined
with method 1.

The process of
terminology
development is less
time-consuming than
method 3.

Profiles obtained are unique
to a given panel and set of
samples.

They cannot be interpreted by
other groups if no referenceé
standards are given.

See reference [1],
chapter.1; neference [4],
chapter 6.

3 Use the panel
in special
session to
develop the
terminology it
will use.

Consult ISO 11035 which
describes a recommended
method of identifying and
selecting discriminating
terms using a set of
prepared training samples;
then reduce the number of
terms by stepwise
elimination using statistical
techniques.

A fully objective
process of selection
and elimination is
used, thus terms
based on traditional
misconceptions or
preconceived notions
are minimized, and the
selected terms will
give optimal coverage
of the qualities which
the assessors
perceive in the
samples.

Profiles obtained are unique
to a given panel and set of
samples. They cannot be
interpreted by other groups if
no reference standards are
given. The process is
relatively time-consuming and
requires a certain level of
experience, especially in data
analysis.

ISO 11035

7.2

Oncs
scale

Selecting an appropriate scale

provifles guidelines for the choice of response scales.

For purpeses of statistical analysis, it is useful to distinguish between two uses of the term “scale’:

the distinguishing attributes have been selected, the next step is to choose an appropriate response
by which to_ifdicate the intensity of each attribute present in a given sample. Consult 1S

4121 which

1st

—= . I e ——

between the strength of the sensory impression and
the numbers recorded by the assessor.

Forctarification, here catfed MEASUREMENT SCALE.
Examples: ordinal scale, interval scale, ratio scale.

response.

2nd sense: The scale is a measuring instrument: the
assessor has a scale to be used in making his or her

For clarification, here called RESPONSE SCALE.
Examples: a ruler, a kitchen scale, a line scale.

NOTE 1

The measurement scale sets limits on the type of statistical manipulations that can be permitted. For example,

it is often considered advisable to use non-parametric methods if the data are on an ordinal scale. For guidelines, see

ISO 4121.

© 1SO 2003 — Al rights reserved
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Response scales used in sensory profiling may be numerical or semantic, continuous or discontinuous,
unipolar or bipolar. For time/intensity profiling, dynamic response scales may be applied.

NOTE 2  Data obtained with discontinuous response scales may suffer from so-called “end effects”: assessors are
reluctant to use numbers near either end of the scale for fear that later samples may be more extreme. Continuous
response scales, e.g. line scales, are less prone to produce end effects. Pictorial response scales are suitable for use with
children.

7.3 Conducting the test

7.3.1 Preparation of test samples

See ISO 6638. Take care that assessors cannot draw conclusions about the nature of samples from~thg way
they are pregented. For example, use coloured glasses or coloured lights to mask differences in appéarpnce,
if needed. Sfandardize the preparation of samples and serve samples at uniform temperature -Code samples
with three-digit random numbers, or code the order of presentation to the assessor. If the numper of posgsible
combinationg becomes too large for full randomization, use an appropriate sampling plan (see’reference [15]).

7.3.2 Preséntation of samples

Present the| samples simultaneously, if possible, or else monadically, (ih* succession, one-by{one).
Simultaneou$ presentation facilitates the comparison of samples and is usefdl especially if a comparispn on
many attributes is desired, but profiles can become interdependent and hence less descriptive. Use monadic
presentation|if this is a problem, and also if samples show differences.in appearance that cannot be magked,
and if samples have strong or persistent flavours (e.g. smoked or spicy foods, bitter substances, or gfeasy
textures).

7.3.3 Preparation of scoresheets

Use preprinteéd scoresheets containing instructions regarding the scale to be used. Alternatively, use computer
screens or {ablet digitizers to record the verdicts; Leave a blank space on scoresheets and invitg the
assessors' comments or suggestions for additional attributes. Note that several ratings placed on a gingle
sheet or scrgen may mutually influence or distértyeach other (i.e. halo effect: a positive or negative evalyation
may carry over from one attribute to the following).

If it is not ppssible to use a single sereen or sheet per sample and per attribute, attempt to minimize the
ppropriate training of the-assessors and/or by including samples of known characteristics. Again,
t contains several samples, order of presentation effects may occur (e.g. contrast effects, group
cement effects).~-For’ that reason, it is desirable to balance or randomly assign the order of
e sheet or scregen-from one assessor to another.

effects or pl
samples on {

Arrange for assessors to work alone in a booth, except in the consensus approach where the assessqrs sit
around a tabje”on*which reference standards are placed. Do not disclose the identity of the samples uniil the
assessors have—eompleted—al—replicate—assessmen s—Oeeasiona relade—prepared—samptes O
samples for educational purposes.

As a general rule, offer a maximum of six samples per session and per assessor for a full descriptive analysis,
or a maximum of ten samples for partial profiling with under ten descriptors. Use smaller numbers if small
differences are critical, and for samples with strong or persistent flavour.

7.3.5 Duplicate tests

To increase the reliability and validity of results, present any sample or sample group two or three times or
more, if possible on different days. In choosing the number of replications, be guided by the precision required,
the observed dispersion of results, and by any trend (e.g. towards improved discrimination as the assessors
become familiar with the samples). Replication is necessary to provide an estimate of experimental error. Note
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that the effect of repeating the same sample is to show the dispersion of scores among assessors, whereas
repeating across batches of the product will reflect variations within the product as well. Watch for
assessor x product interaction (assessors evaluate the products differently).

7.4 Time-intensity profile

In time-intensity profiling, the intensity of an attribute is recorded over time (see reference [7]). The sweetness
of a sweetener or the bitterness of a beer may be recorded continuously over a period of 1 min to 3 min after
ingestion. Usually the intensity is found to rise rapidly to a maximum and then to decrease more slowly.
Flavour release from chewing gum may be recorded every minute for 30 min.

of a number

The rlesponse may be recorded using pencil and paper, or on a scroller chart recorder, or by an;i
sg curve being

of commercially available computer systems. The assessor should not see the evolving respon

tracef as this may result in bias from preconceived notions of its form. The important variables to|consider are

the fallowing:

a) protocols for evaluation: type of presentation, amount of product, time to holdin,the mouth of on the skin,
pe of manipulation, expectoration or swallowing;

b) protocol must be established to coordinate product evaluation (sample holding) with recprding of the
sponse (data entry) so as to reduce bias from the mode of presentation;

Cc) assessors may require several training sessions in order for all of the protocols needefl for a well-

¢ontrolled study to be developed and learned.
7.5 | Evaluation of results, using appropriate statistical methods
7.5.1] General

For g¢ach attribute and treatment, tabulate the) results and evaluate their significance, using
statistical methods. See examples in ISO 4121, 1SO 8586-1, ISO 11035, ISO 11056 and Annex Al

appropriate

Profile data are not a simple case for statistical evaluation, hence experiments should be designed with a view

to the statistical analysis that will beiused. In all but the simplest cases, it is advisable to consult|a statistician
abouf the design and analysis. Only:general guidelines are given below.

Typidally the analysis used-is.two-way (or higher) Analysis of Variance (ANOVA). In addition| multivariate
methpds may be used to @xplore the interaction often seen between the attributes.

7.5.2| Sources of-variability

In an]ANOVAn the profile ratings for an attribute, the sum of squares, etc. are calculated for eqch source of
variapility. TWO principal sources determine the early part of the analysis: the assessor and|the product.

Exce

btiofally, as in the example in Annex A, product variability may be ignored as all sample

s of a given

productmay be assumed to be identical.

Typically, the third, fourth, etc. sources of variability to be considered are those between “treatments”. The
treatments are the factor or factors which were deliberately introduced and which are to be quantified.

In the design of serving protocols for profile panels, the investigator's concern is to reduce the total variability
of the profile ratings for each treatment. Total variability is the sum of the relative variabilities from each source,
measured as variances. For example, if the assessor variability is quite large whereas the product is quite
uniform, the investigator may wish to add more assessors. Conversely, if the product is non-uniform (e.g.
hamburgers), the investigator may double or triple the number of samples while leaving the number of
assessors unchanged.
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7.5.3 Replication: Assessors as fixed effects or random effects

Replication, although highly desirable to improve the reliability of the results, introduces two important
considerations into the ANOVA. The first is to decide whether assessors will be seen as fixed or random
effects. When assessments are replicated, assessors are treated as one of the factors in a factorial
experiment. Factorial effects are either random effects or fixed effects. The distinction is important because
fixed effects influence the mean ratings; random effects influence the error term.

Strictly speaking, assessors should be considered a fixed effect since, because of their training, they do not
represent a random sample from any existing population except perhaps that of trained assessors. However,
in practice it is often the experimenter's aim to provide a conclusion that is valid not only for the panel. If it is

statistically defensible—a—decisienmaybemade—to—considerthe—assessers—as—aranderm—effest—Atagtor is
random when its levels present in the experiment may be different without changing the purposé™gf the
experiment.
7.5.4 Replication within a batch or between batches
The second point to consider is that the model for the ANOVA will differ if replications aré performed dn the
same batch ¢f products or not. At least three possible schemes are possible, each requiring a different mjodel.
See Figure 1.
Example|1 Raw material Raw material
Lot X LotY
Product A Product B
Replicate 1  Replicate 2 Replicate' 3 Replicate 1 Replicate 2 Replicate 3
Example R Raw material Raw material
Lot X Lot ¥ LotZ Lot T Lot U LotS
Product A Product A Product A Product B Product B Product B
Replicate™ Replicate 2  Replicate 3 Replicate 1 Replicate 2  Replicate B
Example 3 Raw material
Lot X LotY
Product A Product B Product C Product A Product B Product C
Replicate 1 Replicate 1  Replicate 1 Replicate 2 Replicate 2  Replicate 2

Figure 1 — Three experimental designs requiring different ANOVA models

10
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Example 1 in Figure 1 is the commonly used repeated-measures design. Replicates 1, 2 and 3 are actually
subsamples of a single batch of each product A and B. No batch-to-batch variability is present in the design.
Examples 2 and 3 in Figure 1 include true replications of both products A and B. A split-plot ANOVA model is
used to analyse all three examples (see Table 4). In each example the sub-plot effects include assessors and
the assessor-by-product interaction. The whole-plot effects differ among the examples.

The whole-plot for Example 1 and Example 2 is a completely randomized design involving products and error
(i.e. replicates within products). The whole-plot analysis for Example 3 is a randomized block design (blocking
on raw-material lots) involving replicates, products and error (i.e. replicates-by-products). Although the models
for Example 1 and Example 2 appear to be identical, it is important to note that the applicability of the findings
differ between the two examples. In Example 1, itis onIy p033|ble to determine if the one batch of Product A is
percep is possible to
determme if Product A is perceptibly dlfferent from Product B

Table 4 — ANOVA models for experimental designs in Figure(

EXAMPLE 1 Repeated measures design

Sourte ds N M F
Total apr —1 St M
Prodpct p-1 Sp Mp F = Mp[Mg,
Errorf (A) = Rep within product pr—1) Sea Mg,
Assessor a-1 Sa M)y F = Mp[Mg,
Assessor x product (a-Np-1) Saxp Mpxp F = Mplp/Mg,
Erron (B) = Residual (a—1p@r-1) SEb Mgy,
EXAMPLE 2 Completely randomized split-plot design
Sourte dy S M F
Total apr.~1 St M
Prodpct AL Sp Mp F = Mp[Mg,
Erron (A) = Rep within product pr—1) Sea Mg,
Assessor a-1 Sa My F = Mp[Mg,
Assessor x product (a-Np-1) Saxp Mpyp F = Mpyp/Mg,
Erron (B) = Residual (a—1p@r-1) Sep Mgy,
EXAMPLE 3 Randomized block split-plot design
Sourte ds N M F
Total apr—1 St M
Rep r—1 Sr Mg
Prodpict p—1 Sp Mp F = Mp[Mg,
Error (A) = Rep — product r-Nep-1 Sea Mg,
Assessor a-1 Sa M)y F = MpIMg,,
Assessor x product (a-Np-1) Saxp Mpyp F = Mpyp/Mg,
Error (B) = Residual (a=NDpEp-1) Sep Mgy,
(1)

where

a is the number of assessors d; is the degrees of freedom

p is the number of products S is the sum of squares

r is the number of replications M is the mean square
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The ANOVA models in Table 4 apply when assessors are treated as a fixed effect in the analysis. If assessors
are randomly selected, then the following quasi F statistic is used to test for differences among the products:

_ Mp
Mgg + M axp — Mgy

The numerator degrees of freedom for F are d;y =p — 1.

The denominator degrees of freedom are estimated by

(1)

2
don — (MEga + Maxp — MEp)
f2 = 2 2 2
MEa | | Maxp |, | Méb
tEa ds pxp dtEp

7.5.5 Particular case of free-choice profile

Free-choice |profiling differs from the other methods described in this International~Standard in that
member of the panel uses his/her individual list of terms instead of a common list. For a descriptior
review, see reference [6].

Results are interpreted with the aid of generalized Procrustes analysis arjequivalent programs. The out
in the form of a sensory map of the products.

7.6 Writing the test report

7.6.1  Report the main results as described in 7.5. If desired; calculate confidence regions either for a s
session if a large panel is used, or more commonly, showing the average variability of the panel over a

each
and

but is

ingle
eriod

of weeks of months. Make reference to the relevant International Standard and include the follpwing

information:
a) objectivg of the study;

b) full idenfffication of sample(s);

c) if two or[more samples were compared, criterion of comparison and procedure applied;
d) type of response scale uséd,

e) reference substances'and form in which they were presented;

f) any othgr information given the assessors during the test, e.g. information regarding the type or brg
product;

nd of

£ 1 5 (| [l Il £ Il - (] o
g) number of SANTPIES Presernted ana ITunToeT Ol aSSESSUTS,; SEIETIEU aSSESSUIS Ul EXPETLS;

h) the operating conditions of the test, including any conditions differing from the recommendations given in

this method;
i) the results, with any statistical evaluation;
j)  date and time of the test;
k) name of the panel leader and the test supervisor.

If agreed, the content of the customer report may be less exhaustive.
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7.6.2 lllustrate the results with graphs and diagrams. Be guided by the examples in Annex B, and those in
ISO 6564. Show consensus profiles as semicircular plots. Show other profiles as histograms or as spiderweb
plots, or if multivariate analysis is used, as Principal Component diagrams or canonical plots. Show
confidence regions as narrow extensions to the bars of histograms, or as bands at the points of spiderweb
plots.
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Annex A
(informative)

Comparison of eight model cola systems

A.1  The randomized (complete) block design (RCBD) used here is appropriate when there is negligible
sample-to-sample variability within each of the products in the study, and the number of samples is sufficiently
small to be presented in a single session. Implicit in the RCBD is the assumption that only a single sample of
each produc{ is necessary to completely represent the entire population. The only relevant source of varigbility
that need be| considered, other than that between products, is that arising from differences among-asseégssors
(i.e. assessofs are treated as a random effect in this example).

A.2 Eight fnodel cola systems were evaluated once by eight trained assessors. Ten attributes (R1 to|R10)
were scored Jusing a 0-to-15 numerical scale to represent the perceived intensities of the attributes. Table A.1
shows the repults.

The physicall differences among the eight samples were deemed to be highly reproddcible at the bench Jevel.
Therefore it vas decided (exceptionally) that no replication of the samples was needed. Differences that the
trained assegsors perceived among the eight samples would be assumed tohold for any future productfon of
the sample products. Also it was determined by an external assessor tracking system that the assessors|were
consistent ome-to-the-other in reporting perceived differences among.cola products. Therefore, no repgated
evaluations qf the same samples were performed.
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Table A.1 — Descriptive profile panel — Model cola study — Listing of input data

Obs. Treatment Assessor R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
1 Sys 1 15 3,0 3,0 4,0 7,5 2,0 0,0 5,0 6,0 0,0 0
2 Sys 1 16 4,0 3,0 3,0 8,5 55 3,0 7,0 3,0 0,0 3
3 Sys 1 31 3,0 3,0 2,0 8,5 1,5 1,0 10,5 6,0 0,5 2
4 Sys 1 32 2,0 3,0 1,0 12,0 1,0 1,0 1,0 4,0 2,0 0
5 Sys 1 33 3,0 4,0 1,5 7,5 1,5 0,0 7,0 4,5 3,0 2
6 Sys 1 34 3,0 2,0 2,0 10,0 0,0 0,0 6,5 3,0 0,0 0
7 Sys 1 36 4,0 3,0 1,0 10,0 0,0 0,0 8,0 2,0 1,0 0
8 Sys 1 38 3,0 2,0 1,0 12,0 50 1,0 5,0 5,0 2,0 0
9 Sys 2 15 3,0 2,0 2,0 7,5 2,0 0,0 4,0 4,0 2,0 0
10 Sys 2 16 5.0 4.0 4.0 9.0 4.0 4.0 6.0 6.0 2,0 4
1 Sys 2 31 4,0 3,5 3,0 10,5 2,0 1,0 9,5 9,5 D,0 2
12 Sys 2 32 2,0 3,0 1,0 10,0 1,0 1,0 1,0 1,0 P 0 0
13 Sys 2 33 2,0 2,5 1,5 10,0 1,5 0,0 4,0 4.0 P 0 4
14 Sys 2 34 3,0 2,0 2,0 8,0 2,5 2,0 4,0 4,0 ,0 3
15 Sys 2 36 4,0 3,0 1,0 10,0 0,0 0,0 8,0 8,0 ,0 0
16 Sys 2 38 2,5 2,0 1,0 11,0 4,0 1,5 4,0 4,0 B,0 0
17 Sys 3 15 2,0 2,0 2,0 7,5 4,0 0,0 4.0 50 1,0 0
18 Sys 3 16 4,0 5,0 5,0 10,0 2,5 3,0 4,0 4,0 D,0 4
19 Sys 3 31 4,5 3,5 3,0 10,5 2,0 1,5 8,5 5,0 D,0 3
20, Sys 3 32 2,0 3,0 2,0 10,0 1,0 1,0 1,0 3,0 p.0 0
21 Sys 3 33 1,5 1,5 0,0 11,0 1,0 0,0 4,0 3,0 p.0 4
22 Sys 3 34 2,0 2,0 2,0 7,0 1,5 0,0 3,0 0,0 D,0 0
23| Sys 3 36 4,0 3,0 1,0 10,0 0,0 0,0 8,0 2,0 ,0 0
24 Sys 3 38 2,0 1,5 0,5 10,0 30 1,5 2,0 6,0 B,0 0
25| Sys 4 15 0,0 2,0 2,0 7,0 4,0 0,0 4,0 50 1,0 0
26| Sys 4 16 5,0 6,0 4,0 11,0 3,0 2,0 3,0 4,0 ,0 4
27| Sys 4 31 4,0 3,5 3,0 10,5 1,5 1,5 8,5 50 5 3
28 Sys 4 32 3,0 3,0 1,0 10,0 1,0 1,0 1,0 3,0 P 0 0
29 Sys 4 33 2,5 2,5 0,0 12,0 1,0 1,0 4,0 3,0 B,0 4
30 Sys 4 34 2,0 2,0 2,0 7,0 1,0 0,0 2,0 0,0 D,0 0
31 Sys 4 36 4,0 3,5 15 9,5 0,0 0,0 7,0 2,0 ,0 0
32 Sys 4 38 2,0 1,5 0,5 8,0 2,0 1,5 1,0 6,0 B,0 0
33| Sys 5 15 2,0 3,0 0,0 8,0 4,0 0,0 5,0 50 B,0 0
34 Sys 5 16 3,0 2,0 5,0 11,0 6,0 2,0 4,0 3,0 B,0 0
35 Sys 5 31 4,0 3,0 1,5 13,5 0,5 0,5 9,5 55 ,0 1
36 Sys 5 32 2,0 2,0 3,0 10,0 1,0 1,0 1,0 4,0 P 0 0
37| Sys 5 33 55 2,0 2,0 9,0 0,0 0,0 4,0 1,0 b0 0
38 Sys 5 34 1,0 2,0 2,0 9,0 2,0 2,0 5,0 3,0 ,0 0
39 Sys 5 36 3,0 3,0 2,0 7,5 0,0 0,0 8,0 2,0 ,0 0
40 Sys 5 38 2,5 1,5 2,0 14,0 4,0 2,0 3,0 3,0 P 0 1
41 Sys 6 15 2,0 2,0 0,0 8,0 3,0 0,0 4,0 50 8,0 0
42 Sys 6 16 2,0 3,0 6,0 10,0 6,5 3,0 4,0 4,0 p.0 0
43 Sys 6 31 5,0 4,0 2,0 11,5 1,0 0,0 8,5 55 p.0 2
44 Sys 6 32 2,0 1,0 2,0 10,0 1,0 0,0 0,0 2,0 p.0 0
45 Sys 6 33 4,0 1,0 1,0 7,0 0,0 0,0 4,0 1,0 B,0 0
46 Sys6 34 0,0 2,0 2,0 10,0 0,0 0,0 4,0 2,0 D,0 0
47 Sys\6 36 4,0 2,5 2,0 7,5 0,0 0,0 8,0 2,0 ,0 0
48 Sys 6 38 2,0 1,5 1,5 12,0 4,0 2,0 2,0 3,0 B,0 2
49 Sys 7 15 2,0 2,0 0,0 8,0 2,0 0,0 3,0 4,0 1,0 0
50 Sys 7 16 4,0 3,0 7,0 9,0 4,0 5,0 2,0 1,0 ,0 0
51 Sys 7 37 5,0 40 2,0 11,5 2,0 0,0 6,0 3,5 ,0 2
52 Sys 7 32 2,0 0,0 3,0 10,0 1,0 0,0 0,0 2,0 2,0 1
53 Sys 7 33 3,0 1,0 1,0 7,0 0,0 0,0 3,0 1,0 3,0 0
54 Sys 7 34 1,0 2,0 2,0 9,0 2,0 2,0 3,0 0,0 0,0 0
55 Sys 7 36 4,0 2,5 2,0 9,0 0,0 0,5 8,0 2,0 1,0 0
56 Sys 7 38 2,0 1,5 1,0 10,0 4,0 2,0 2,0 3,5 3,0 3
57 Sys 8 15 2,0 2,0 0,0 8,0 1,0 0,0 2,0 4,0 4,0 0
58 Sys 8 16 5,0 3,0 6,0 7,5 6,0 3,5 0,0 2,0 2,0 0
59 Sys 8 31 5,0 4,5 2,0 11,5 2,0 0,0 5,5 3,5 2,5 3
60 Sys 8 32 2,0 2,0 2,0 10,0 1,0 1,0 1,0 3,0 2,0 1
61 Sys 8 33 2,0 1,0 1,0 8,0 0,0 0,0 2,0 1,0 4,0 0
62 Sys 8 34 1,0 3,0 2,0 10,0 2,0 0,0 3,0 0,0 0,0 0
63 Sys 8 36 4,0 2,5 2,0 9,0 0,0 0,5 5,0 2,0 1,0 0
64 Sys 8 38 1,5 1,5 1,0 9,0 3,0 2,0 1,5 3,5 3,0 3
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A.3 A two-way ANOVA was performed for each attribute with the assessor as the blocking factor and the
cola systems as the experimental factor or treatment. The results of the analyses for the attributes “citrus” and

“astringent” are presented in Table A.2.

Table A.2 — Descriptive profile panel — Model cola study — ANOVA of attribute data

Source ds Sum of squares | Mean square F P-Value
Dependent variable: R1  Citrus
Assessor 7 61,59
Treatment + +96 6,286+ 6,36 86,9245
Error 49 38,32 0,7820
Corrected totfl 63 101,87
Dependent eriable: R8 Astringent
Assessor 7 107,05
Treatment 7 27,11 3,8728 5,22 0,0002
Error 49 36,33 0,7414
Corrected totdl 63 170,48

Based on thg criterion that an a-risk of <5 % is required for a significant difference, it was concluded that
there was nqt sufficient evidence to conclude that perceptible differences existed among the samples in the
“citrus” attribpte. However, there was sufficient evidence to conclude that the samples differed in astringency.
A summary qf all ten attributes with significant differences annotated appears in Table A.3.

Table A.3 + Descriptive profile panel — Model cola study — Summary of attribute data (mean values)

Cola system No.

o = 0,05 level of significance using Fisher's LSD.

Attributel
Sys 1 Sys 2 Sys 3 Sys 4 Sys 5 Sys 6 Sys 7 Sys 8 P-Value

Citrus 3.1 3,2 2,8 2,8 29 2,6 2,9 2,8 0,92
Spice 29 2,8 2)7 3,0 23 21 2,0 2,4 0,09
Vanilla 1,9 1,9 1,9 1,8 2,2 21 23 2,0 0,97
Sweet 9,5 9.5 9,5 9,4 10,3 9,5 9,2 9,1 0,8
Sour 2,1 271 1,9 1,7 2,2 1,9 1,9 1,9 0,91
Bitter 0,8 1,2 0,9 0,9 0,9 0,6 1,2 0,9 0,6
Prickle 6,3e 5,1d 4,3cd 3,8bc 4,9d 4,3cd 3,4b 2,5a <0,01
Astringent 4.2d 3,8cd 3,5cd 3,5cd 3,3bc 3,1bc 2,1a 2,4ab <0,01
Mouth dry 1,1 1,5 1,5 1,7 1,8 20 20 2,3 0,0%
Mouth coat 0,9 1,6 1,4 1,4 0,3 0,5 0,7 0,8 0,23
NOTE For attributes “prickle” and “astringent”, mean values not followed by the same letter (a, b, c, d) are different at the

16
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Annex B
(informative)

Recommended graphical and diagrammatic methods of representing
sensory profiles

Figures B.1 to B.5 are examples from the literature. Other types of graphical representation may be equally
satisfastory-
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Sensory rating
(A

~

Sensory rating
=~
I

Yo A
10 "
b) Texture
Key
Leg 1 wetdry 7 moistness
2 ammonia 8 fibrousness
Mixed 3 cooked crab 9 adhesiveness
4  putrid 10 chewiness
White 5 TMA 11 particle size
6 cereal
Claw
NOTE Meat types shown with different letters (a, b, c) above the bar are different at the a. < 0,05 level of significance.

Taken from reference [16].

Figure B.1 — Histogram showing appearance and odour profiles and texture profiles of minced meat
products from blue crab
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Characteristics
Key
1 grass 10 tarry
2 frpity 11 paper
3 rdisin 12 sulfurous, cooked cabbage
4 hpney 13 vanilla
5 blackcurrant 14 minty, eucalyptus
6 Igngonberry 15 spicy, clove
7  cpnifer 16 sweet
8 tyrpentine 17 sour
9 cgmphor 18 bitter
a8  L|ne of significance: Characteristics which exceed the line are considered typical characteristics of the sgmple.
NOTEH Vertical lin€ bars represent the variance. Taken from reference [17].
Figure B.2 — Histogram showing flavour profiles of extracts of sweet gale (bog myrtle)
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