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A U.S. Private Food Industry initiative
in collaboration with the U.S. Agency for International Development
through a Cooperative Agreement with the National Cooperative Business Association

Upgrading the Food Processing Industries in Developing Countries.



. Why SUSTAIN?

. BUSTAIN represents a successful collaborative effort between the U.S. food industry and the Agency for
International Development (A.1.D.) to upgrade food processing in developing countries. It provides an ex-
cellent model for similar private-public sector joint ventures in health, agriculture and other areas of concern
to developing countries. .

Food processing is a major contributor to development. It serves multiple roles. ‘Food processing can in-
crease the available food supply by extending the life of perishable food products. It can improve the nutri-
tional quality of the diet by making nutritious foods available the year round. It can lead to the growth of
related enterprises in transporiation, storage, distribution and marketing. And, it can produce much needed
foreign exchange by creating value added products both for export and for internal substitution of imported
processed foods.

The U.S. food industry has embraced the concept that freely sharing its expertise and knowledge is of mu-
tual benefit to recipient and donor - to the recipient by improving current operations - to the donor by con-
tributing to a healthier global future.

How SUSTAIN Works

A.L.D. missions and trade associations in developing countries publicize SUSTAIN's goals and activities.
Executives of U.S. food companies with technical expertise and overall knowledge of the food industry
serve as the SUSTAIN Steering Committee, providing guidance and overseeing activities.

Food related companies in developing countries submit their requestis to SUSTAIN through the A.1.D. mis-
sion or a designated organization in their country. SUSTAIN screens all incoming requests and if necessary
asks for additional information. Appropriate U.S. companies are then invited to respond.

Some problems can be readily resolved by providing information. Others require that consuitants be sent.
When a consultant is sent, the usual assignment is for one to three weeks. Upon completion of the assign-
ment, the consultant prepares a report describing findings and making recommendations. Depending on
need, some consultants may return for follow-up visits to ensure that recommendations have been appro-
priately implemented.

SUSTAIN Helps

Requests are diverse. Help may be needed to solve processing problems, to identify equipment needs and
sources of new and used equipment, to train personnel in the use of new equipment and new technologies,
to find new uses for indigenous commodities, to establish orimprove qualily assurance procedures, to con-
trol insects and rodents in food processing plants and to improve plant layouts and materials handling.

In the past, U.S. food companies,'large and small, have provided technical assistance-in the form of infor-
mafion, consultanis and training to food processors in Africa, Asia, Latin American and the Caribbean.
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I. INTRODUCTION
A. SUSTAIN

The program Sharing U.S. Technology to Aid in the Improvement of Nutrition (SUSTAIN)
provides access to U.S. expertise in food processing to help improve nutrition in the developing world.
Technical assistance is provided by volunteer professionals from U.S. food companies, universities, and
other organizations who donate their time and expertise. In 1991, the Office of Nutrition of U.S.
Agency for International Development awarded the National Cooperative Business Association a $2
million, five-year cooperative agreement to work with SUSTAIN’s volunteer leadership to improve,
expand, and manage the program.

The assistance SUSTAIN volunteers provide contributes to improved heaith and nutrition through
improved food quality, safety, and availability. In many countries, sufficient food is produced but
populations are underserved because much of it goes to waste due to inefficient processing and storage.
Improper food handling presenis a hazard to human health, and improper waste disposal can contribute
to environmental degradation. Strengthening manufacturing practices not only captures scarce
resources, but also improves food safety and elevates nutritional status.

B. Definition of Sensory Evaluation

Sensory evaluation is a measure of those attributes of food and materials as they are perceived
by the senses of sight, smell, taste, touch, and hearing. A variety of standardized testing procedures
has been established to evaluate these attributes, the results of which are used for product evaluation.
These tests employ the use of either trained or untrained panelists, depending on the type of test used
in the evaluation. There are two major classifications of sensory tests - analytical and affective. The
analytical tests are used for laboratory evaluation of products, testing for differences or similarities
among a particular product, using either discriminative or descriptive tests. Affective tests are used to
evaluate preference and/or acceptance of products. Panelists are not trained and usually have used the
product being evaluated.

There are a number of applications of sensory evaluation in product development. Since most
new products are imitations or variations of some established standard, product developers need
information on the sensory quality and relative acceptability of samples as input for marketability.
Initially, analytical tests are used to determine product uniqueness, establish differences among samples,
and establish acceptability requirements, that is, whether the samples are equal or better than the
standard. Affective tests are then employed to evaluate consumer acceptance and preferences.

Sensory evaluation is an important tool in developing nutritious foods. A nutritious food product
must have acceptable taste, texture, flavor, and visual appeal. Consumer acceptance tests can be used
to determine whether consumers like the product and their willingness to purchase and consume the
product.

C. The Second Sensory Evaluation Short Course in Guatemala
The second Central American Sensory Evaluation Short Course was offered at the Institute of

Nutrition of Central America and Panama (INCAP) by SUSTAIN volunteer Brenda Bravatty from
November 9 - 12, 1993. The short course was a structured training session for food professionals from



the food industry in Central America, and was designed to train them in the correct use of sensory
evaluation techniques and the application of these techniques to the processes of product development

and quality control.

Twenty-one food professionals participated in the course. Course content included lectures on
selected topics with emphasis on difference and acceptance tests, and laboratory practices demonstrating
the use of techniques on-food products.

Ms. Bravattjf gave a test at the beginning and at the end of the course to evaluate knowledge in
general concepts of sensory evaluation. At the end of the course, Ms. Bravatty also conducted a course
evaluation session in which participants rated the overall quality of the course.

HO. REPORT

The second Central American Sensory Evaluation Short Course was offered at INCAP by
SUSTAIN volunteer Brenda Bravatty (MSc. Food and Nutrition) from November 9 - 12, 1993. The
objective of the course was to train professionals from the food industry in Central America in the
correct use of sensory evaluation techniques, with emphasis on difference and acceptance tests. Twenty-
one food professionals from four Central American countries participated in the course (Appendix IV).

Ms. Bravatty established contact with INCAP professional two months prior to the course dates.
During that time, she put together a laboratory manual and gathered a current bibliography. She also
prepared andiovisual aids and a list of products to be evaluated. At INCAP, temporary booths for
sensory evaluation were built (in addition to permanent ones).

Ms. Bravatty arrived in Guatemala on November 5th and held meetings with INCAP
professionals. She reviewed the program and laboratory procedures for the course. Selection of some
products to be evaluated was done in order tc have samples of interest to the participants.

The course included lectures of selected topics and laboratory practices. She was assisted by
INCAP professionals and two technicians. Two lecture periods and two formal lab practices were held
daily. The course schedule is attached in Appendix III. For the statistics session, Dr. Ricardo Sibrian
was the guest speaker. He reviewed the different statistical analyses used in the analysis of sensory
evaluation tests. He also provided assistance with the use of SAS statistical program for data analysis.

Participants were given a lab manual (Appendix V) which included guidelines and questionnaires
for each lab session and current bibliography related to the different topics. They also received the
manual "Metodos Sensoriales Basicos para la Evaluacion de Alimentos," published by the International
Development Research Center (IDRC) in Canada.

Approximately 40% of the fotal time was spent in lab practices. The lab work helped the
participants to better understand the concepts and to use the methodologies in the evaluation of products
of their interest. Participants were welcome to bring their company’s products for testing. About 50%
of participants brought samples. A wide variety of products was evaluated including orange juice,
shrimp, cookies, nacho chips, butter spreads, margarine, chicken nuggets (from two different
companies), oil, coffee, apples sauce, chocolate, and ham. '
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A demonstration session on how to prepare and serve samples and how to set trays was carried
out. Samples of juice, ice cream, oil, carbonated drinks, and cookies were served. For each lab
session the tasters were given the samples and ballots and were asked to evaluate the different samples.
For the acceptance test session, the participants were divided into three groups. Each group developed
a questionnaire for acceptance of a particular product (nacho chips, chicken nuggets, and margarine).
The questionnaire was then reproduced and all the participants evalnated the three products. After each
lab session, a detailed statistical analysis of resnlts was carried out. A written report of the results for
each test was written by the participants.

b

There was good interaction between the participants and the instructor. Thef participants were
motivated and very interested in any material available in the area. Most of them were interested in
advanced sensory courses and some in technical assistance for specific needs in their companies.

At the beginning and at the end of the course, a test to evaluate knowledge in general concepts
of sensory analysis was given. Using the same exam for testing before and after the course provides
an indication of how much the participants learn from the course. The questionnaire and results are
shown in Appendix VI. In the initial evaluation the mean score was 29 and in the final evaluation the
score was 70. An increase in knowledge of sensory evaluation was achieved by all participants.

In a different questionnaire given at the end of the activity, the participants rated the
organization, instruction quality, and laboratory practices of the course. The results are presented in
Appendix VII. The coordination of the course and the organization of laboratory practices were rated
as "excellent" by 55% of participants and "good" by 40%. The presentation of the lectures was rated
as "excellent" by 65% and "good" by 35% of the participants. The tasks developed by the instructor
were rated as "excellent" by 85% of the participants. The relationship between lectures and laboratory
practices was rated as "excellent” by 75% of the participants. Forty-five percent of participants
indicated that organization during lab practices was "excellent”, 40% said it was "good". A suggestion
for strengthening the course is to bring the instructor into the country several days before the course
to allow for more interaction between the instructor and the technicians.

When asked about topics of their interest for future courses, most of the participants mentioned
descriptive analysis, panel training, and/or specific techniques for different products such as oil, dairy,
and meat products. They would like to learn more practical concepts of statistics. About 95% of them
are interested in a more advanced course in sensory evaluation. This will be useful to solve problems
related to product development and to acquire more knowledge in the area for their professional
development and for the benefit of their companies and the food products of Central America.



[

APPENDIX I

SUSTAIN Description

The program Sharing U.S. Technology to Aid in the Improvement of Nufrition (SUSTAIN) provides access to U.S.
expertise in food processing to help i improve nutrition in the developing world. Technical assistance is provided by volunteer
professionals from U.S. food companies, universities, and other organizations who donate their time and expertise.

SUSTAIN was granted a five-year renewal from the U.S. Agency for International Development (USAID) on September
30, 1991. The program is managed under a cooperative agreement with the National Cooperative Business Association
(NCBA) and receives advice from a Steering Committee made up of private sector representatives,

NCBA was founded in 1916 and is a membership association representing America’s 45,000 cooperative businesses. Known
overseas as CLUSA, NCBA works overseas with its own member co-ops, USAID, World Bank, UNDP, and other donor
agencies to promote development and joint ventures in the third world.

Many benefits can accrue to the developing world through improvements in food processing. From the standpoint of
alleviating hunger and improving nutrition, food processing has much to offer. It helps meet food and nutritional
requirements. and reduce post-harvest food losses. From the economic standpoint, food processing provides a means for
increasing foreign exchange earnings through exporting value-added processed foods rather than commodities. It helps
generate employment and stimulates technological development and the growth of allied industries.

SUSTAIN helps improve food quality, expand production, and lower operating costs of locally grown and processed foods
by providing technical assistance in post-harvest food systems, including: (a) food safety, quality, and sanitation (b) food
preservation and storage (¢} food processing (d) food fortification (&) packaging (f) marketing (g) weaning foods and (h)
environmental technologies.

How the Program Works

SUSTAIN receives requests for assistance from individual food companies, research institutions, and USAID. Short-term
technical assistance is provided by experienced U.S. professionals who donate their time and expertise to the project.
Missions are typically one to three weeks in duration. SUSTAIN covers international travel costs, Companies or host
organizations requesting SUSTAIN assistance are asked to contribute towards in-country expenses. Due to budget
constraints, priority is given to requests that can demonstrate an ability to improve the nutritional quality, safety, and
availability of food in the local community. To the extent possible, SUSTAIN coordinates its overseas activities through
a local organization. This not only enhances opportunities for technology transfer, but also facilitates coordination of
activities and contributes to long-term sustainable development.

SUSTAIN is able to solve many problems by providing information that exists either in technical literature or in the
"memory" of & company. If the problem cannot be solved through correspondence, then SUSTAIN volunteers may be sent
to provide short-term technical assistance. Workshops and seminars can also be organized to help address food technology
issues. The program does not fund product or equipment acquisitions.

The program publishes a quarterly newsletter (SUSTAIN Notes) on food technology issues. It is provided gratis to over 1900
recipients in more than 50 countries.

For more information, please write to:

SUSTAIN Program
National Cooperative Business Association
1401 New York Avenue, NW, Suite 1100
Washington, DC 20005-2160
Phone: (202) 638-6222
Fax: (202) 628-6726
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APPENDIX I

Biography of SUSTAIN Volunteer

BRENDA BRAVATTY, M.Sc. (Foods & Nutrition, University of Manitoba, 1988) is a sensory analyst
and consultant. Ms. Bravatty works with NutraSweet to provide sensory evaluation support to specific
products. Previously she worked with RQA, Inc. (a company specializing in quality evaluation of food
and beverage products) to plan and organize their sensory evaluation department, including helping to
design the facilities and selecting and training the panelists. She also worked for the Institute of
Nutrition of Central America and Panama as the Manager of the Sensory Evaluation Department and
coordinator and instructor of sensory evaluation workshops and consumer surveys. Ms. Bravatty has
also translated textbooks and written workshop manuals and workbooks in the sensory evaluation field.
As a SUSTAIN volunteer, she taught sensory evaluation short courses in Guatemala.
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APPENDIX III

Short Course Curriculum
M

SEGUNDO CURSO
CENTROAMERICANO
DE ANALISIS SENSORIAL

[P e e -

PRESENTADC POR

INSTITUTO DE NUTRICION DE CENTRO
AMERICA Y PANAMA
(INCAP/OPS)

PROYECTO SHARING UNITED STATES
TECHNOLOGY TO AID IN THE IMPROVEMENT
O NUTRITION '
(SUSTAIN)

ASOCIACION GUATEMALTECA DE TECNOLOGOS
EN ALIMENTOS
(AGTA)

Project SUSTAIN 41 AGTA

Guatemala, 9-12 de noviembre de 1,993.



SEGUNDO CURSO CENTROAMERICANQ DE ANALISIS SENSORIAL

Identificacién de olores

PROGRAMA
FECHA/HORA ACTIVIDAD/TEMA RESPONSABLE
Martes 9 de noviembre
8:30-9:00 Inscripcién Srita. Claudia Pereira
Entrega de materiales
9:60-9:15 Introduccidn Dr, Luiz Elias
9:15-9:30 El Andlisis Sensorial en l1a Industria Ing. Ana Miriam Qbregdn
de Alimentos Centroamericana
9:30-11:00 Andlisis Sensorial: Lic. Brenda Bravatty
*(Generalidades
*Usos
Fisiologia de la percepcidn:
*QOlfato
11:00-12:18 Laboratorio 1A: Lic. Brenda Bravatty

Técnicas de laboratorio

12:15-13:30

Almuerzo

13:30-15:00

Fisiologia del gusto:
*Evaluacidn de textura
*Umbrales de percepcién

Lic. Brenda Brasvatty

15:00-16:30

Laboratorios 1B, 1C y ID

Lic. Brenda Bravatty
Técnicas de laboratorio,

Miéreoles 10 de noviembre

8:30-16:30

Requisitos para llerar a cabo andlisis
sensorial

Lic. Brenda Bravatty

10:30-10:45

Coffee.break

Srita. Claudia Pereira

Segunda Curso Centromuericano de Anglisis Sensorial
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10:45-11:45

Demostracién de laboratorio:
Preparacién de muestras, bandejas,
instrucciones.v cuestionario.,

1

Lic. Brenda Bravatty
Técnicas de laboratorio

=

11:45-12:15 Lectura. Lic. Brenda Bravatty
Trabajoe en grupo
12:15-13:30 Almuerzo

13:30-14:45

Pruebas de Andlisis Senseorial

Lic. Brenda Bravatiy

14:45-16:00

Pruebas estadisticas

Dr. Ricardo Sibridn

Jueves 11 de novienbre

8:30-10:30

Pruebas de diferencia

Lic. Brenda Bravatty

10:30-10:45

Coffe break

10:45-12:15

Laboratorio 2

Lic. Brenda Bravatty

12:15-13:30

Almuerzo

13:30-14:30

Resultados de pruebas de diferencia

Lic. Brenda Bravatty

14:30-16:30

Andlisis Descriptivo:
Teor{a y laboratorio

Lic. Brenda Bravatty
Técnicas de laboratorio

Viernes 12 de noviembre

8:30-10:30

Pruebas de aceptabilidad

Lic. Brenda Bravatty

10:30-10:45

Coffe break

Srita. Claudia Pereira

10:45-12:15

Laboratorio
Elaboracién de cuestionario

Lic. Brenda Bravatty

13:30-15:00

Andlisis de Datos
Resultados
Escribir reporte

Lic. Brenda Bravatty

15:00-16:00

Comentarios finales
Discusién en grupo

Lic. Brenda Bravatty

16:00

Clausura

Dr. Herndn Delgado

Técnicas de laboratorio:

Sra. Albertina de Cifuentes
Sra. Lucrecia de Polanco

Segmado Seminario Comtroamericano de Andlists Semsorial
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INTRODUCCION

Con el objeto de apoyar a la industria
alimentaria de Centroamérica y Panama, el
Instituto de Nutricién de Centro América y
Panama (INCAP), la Asociacién
Guatemalteca de Tecndlogos en Alimentos
{AGTA} y el Proyecto Sustain organizan el
Segundo Seminario Centroamericano de
Andlisis Sensorial

Elandlisis sensorial es unadisciplina cientifica

ue se utiliza para medir las caracteristicas
:]e los alimentos a través de los sentidos, La
industria alimentaria moderna aprovecha la
informacion obteruda a través del analisis
sensorial para el disefio y desarrollo de
nuevos productos, asi como para la
determinacion de la aceptabilidad, control
de calidad de los productos ya existentes y
como un apoyo al departamento de
mercadeo,

DIRIGIDO A

Profesionales que trabajan en ef drea de
produccién, control de calidad y mercadeo
enlaindustria centronmericanade alimentos,
que tengan poca 0 mnguna experiencia en el
uso de las pruebas de analisis sensorial.

OBJETIVOS

1. Describirlos métodos sensorialesbasicos,
sus ventajas, usos y el andlisis de sus
resultados

2. Dar a conocer la importancia de la
evaluacién sensorial dentro del proceso
de produccién, mercadeo y consumo de
alimentos.
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3. Capacitar al personal de la industria de
alimentos y docentes universitarios en el
uso adecuado de las metodologias
utilizadas en la evaluaciéon de
caracteristicas sensoriales y aceptabilidad
de alimentos

METODOLOGIA

La exposicién del contenido serd por medio
de intervenciones magstrales, discusiones
degrupo, revisiones bibliograficasy practicas
diarias de laboratorio.

CONTENIDO
1 Introduceién a la evaluacién sensoral.

2 Descripcién detallada de pruebas de
diferencia y aceptabilidad, usos, ventajas,
anihsis de datos e interpretacién de
resuliados

3 Brevedescripciondeandlisis descriptivo,
SUS5 US0S.

4 Seleccién y entrenamiento de jueces para
pruebas sensoriales y como motivar y
monitorizar su rendimiento.

5 Uso de las diferentes metodologias para
resolver problemas especificos en Ja
industria de alimentos

6 Coémo preparar informes de pruecbas
sensoriales.

Los participantes podrin proporcionar
muestras de uno de sus productos para ser
evaluados durante el curso (favor indicarlo
al momento de inscribirse)
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SEDE Y FECHA

La sede del curso sera el Instituto de
Nutricién de Centro América y Panamad
{INCAP), Carretera Roosevelt, zona 11
Ciudad de Guatemala, Guatemala.

El curso tendrd una duracién de cuatro
diascomprendidosdel9al 12 de noviembre
de 1993,

COSTO E INSCRIPCION

El curso tendra un costo de USS$ 300 00
(Q1,740.00) por participante. Este valor
incluye el derechoal usodelas instalaciones
y laboratorio, material bibliogrifico y
equipo a utilizarse en el laboratorio,
almuerzos durantecuatro diasy transporte
local. Losgastosdehotel noestan incluidos.

La inscripcidn para el curso se cierra el 26
deoctubrede1,993. Inscripciones después
de esa fecha tendrdn un costo adicional de
US$ 2000. Si cancela con cheque, favor
hacerlo pagadero a INCAP (favor llevar
cheque personalmente o enviarlo via cou-
rier).

Inscripeidnemformaciéncomunicarse con:

Programa de Mercadeo y Servicios

Técnicos

INCAP
c/o Ing. Ana Miriam Obregén
Teléfono PBX (502-2) 719912
Facsimil (502-2) 736529
Correo electrénico
RFLORES@UCRVM2.BITNET

3

%

O


mailto:RFLORES@UCRVM2.BITNET
http:Q1,740.00

Para inseribirse incluir. nombre y apellido,
tnstitucion’ o empresa donde labora,
profesion, cargo que desempefia, direccion,
teléfono, fax. Para participantes extranjeros,
por favor incluir la fecha de llegada a Gua-
temala, la linea aérea y el vuclo

INSTRUCTORA DEL CURSO

Lic. Brenda Bravatty

MSC. en Alimentos y Nuiricidén
Consultera de Andlisis Senso-
rial, EEUU

La Lic, Bravatty obtuvo su
postgrado en Analisis Sensorial
de Alimenitos en la Universidad
de Manitoba, Winnipeg,
Canadd. Actuaimente trabaja
como consultora para
comparnias como Nutra Sweet,
Tropicana y otras, ademads de
colaborar en proyectos de
investigaciéon en la Universidad
de Ihinois. Su experiencia en el
uso de diferentes metodologias
de evaluacion sensonal en una
amplia variedad de productos
serd compartida en este curso.
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PERFIL DEL EGRESADO

Al inabzar el ecurso los participantes
serdn cupaces de

1. Defrnr el andlisis sensonal de alimentos

2. Comprender y explicar los procesos
lisiologicos de percepeidn cn el ser
humano

3.Wenuficar los requisitos minimos
necesanos para llevar a cabo pruchas de
anilisis sensorial

4. Describir las prucbas sensoriales mds
mporantesque seutilizan en la evaluacadn
de muestras

5. Establecer la importancia de los métocdos
deandlisis sensonal dentro delos procesos
Nevados a cabo por la industria de
alumemos

6 Seleccionar i Jos jueces mis apropiados
para 13 evaluacidn de las muesisas en las
diferentes pruebnus sensoriales

7 Anahzar ¢ merpretar adecuadamente, a
través de métodos estadisiicos, los datos
obienidos en pruebas sensonales.

8 Conocer la literatura y bhibliografia mis
reciente en o drea de andlists sensonal

9 Planificar, organizar v realizar, a nivel de
labordtorio, la mayoria de las pruchas
sensortidles aprendidas
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APPENDIX IV

List of Participants

Jeanny E. Zimeri V.
Empacadora Toledo, S.A.
Avicola Billalobos
Guatemala

Ph: 773344/773608

Ana Lucrecia Urizar H.

Alimentos Centroamericanos S.A.
(ALCASA)

la Calle 36-07 Zona 11

Guatemala

Ph: 912167

Liza Margarita Pira
Pollo Campero

50 calle 16-03 Zona 12
Guatemala

Ph: 761050/70

Orland Buitrago Rodriguez

Compania Industrial Lido-Pozuelo

cd. San Franciso, calle al Country Club
Comayaguela, Honduras

Ph: 336636

Fax: 340762

Paulina Wittkowski
Central Distribuidera

3 Ave. Final Norte
Finca el Zapote Zona 2
Cludad, Guatemala
Ph: 512777

Javier Fernandex Schwartz
Osmosis

19 calle 12-S2 Zona 10
Guatemala

Ph: 335335

Fax: 335336

Liz Murillo Gomez

Numar

B Cuba San Jose Costa Rica
Apartado postal 3657-1000
San Jose, Costa Rica

Ph: 239666

Fax: 506-552892

Nelson Omar Gonzalez Aguilera
Alimentos del Valle

Palmerola, Comayagua
Honduras Apdo #121

Ph: 721382-84

Fax: 720204

Lisbeth Villaroto
Salveu S.A.

33 Calle 0-73 Zona 3
Guatemala

Victoria Monje de la Cerda
Alimentos, S.A.

Km 15 Carretera a San Jose Pinula
Guatemala City, Guatemala

Ph: 0341262

Fax: 0341816

Marissa Ivonne Umana Velasquez
Alimentos, S.A.

Km 15 Carretera a San Jose Pinula
Guatemala City, Guatemala

Ph: 0341262 y 66

Fax: 0341816

Indra Mara Flores Zanboni de Reyes
Fabrica Venus

4a Calee 10-65 Zona 1

Fabrica bAV 4-90 Zona 1
Gautemala City, Guatemala

Ph: 24192



Pedro Antonio Rodgriquez Zavala
Alimentos del Valle

Palmerola, Comaygua

Honduras Apdo #121

Ph: 721382-84

Fax: 720204

Martha Lita Caceres Flores
Alimentos del Valle
Palmerola, Comayagua
Honduras Apdo #121

Ph: 721382-84

Fax: 720204

Patricia Guadelupe Bernal
Pollo Campero S.A. de C.V.
Avenida Olivpica y Antiqua
Calle a Santa Ceda #8544
San Salvador, El Salvador
Ph & Fax: 985166

Sonia del Carmen Maradiago de Sarminto

Granja Marinas San Bernardo
B* Cabanas Cholutica
Honduras

Ph: 820822

Carlos Gustavo Reyes
DEMAHSA

Antiqua Locol de Chico Club
Tequicgalpa, Honduras

Ph: 721355

Fax: 720970

Iris Janeth Lopez de Quan
Quimicas Magna

Boulevard Suyapa Frente Comisanato

Popular

Tegucigalpa, Honduras

Ph: 31077478 328070 al 73
Fax: 326127

Nidia Noemu Fajardo Del Gid
Gragas Y Aceites S.A.

2a Av. 5-16 Zona 9
Guatemala

Ph: 362671, 348337

Fax; 362671, 348337

Rosalina Lopez

Bimbo de Centro America
Quintas Las Victorias Lote 265
Chimaltenango, Guatemala
Ph; 0391592

Fax: 0391569

Frank R. Tosta
Alimentos del Volle
Palmerola, Comayagua
Honduras Apdo #121
Ph: 721382-84

Fax: 720204
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APPENDIX V

Laboratory Manual

SEGUNDO CURSO CENTROAMERICANO
DE ANALISIS SENSORIAL

Instituto de Nutricion de Centro América y Panama
{INCAP)

Guatemala, 9 al 12 de noviembre de 1993



Instructora General:

Licda. Brenda Rios de Bravatty, Analista Sensorial

Consultora E.E.U.U.

Técnicos:

Sra. Albertina de Cifuentes, INCAP
Sra. Lucrecia de Polanco, INCAP

Ing. Ana Miriam Obregon, Ing. Quimica. USAC



 Sensory Evaluation Guide

jor Testing Fooa
onad Beverage Producis

" by the Sensory Evaluation Division
of the Institute of Food Technologists

_-____, —

0O SENSORY EVALUATION has heen defined as
“a scientific discipline used to evoke, measure,
analyze, and interpret reactions to those character-
istics of funds and materials as Lhey are perceived

by the senses of sight, smell, taste, touch, and

hearing™ (1FF, 19735). Key questions of methodolo-
gy confrent anyene who undertakes the sensory
evaluation of fouds. Which test method is most
appropriate” What experimental design is most
cfficient? What statistical trealment is most ap-
plicabyle?

To develop standardized testing procedures, the
Committec on Sensory Evaluation of the Institute
of I'ood Technologistsin 1964 published a “*Senso-
ry Testing Guide for Panel Evaluation of Foods

This yuitle was prepered by 2 commuttes of the IFT Sensory
Evaluation Division consisirg of A.E. Dethmers (chairman], GV,
Civilia, 24 Egqect, J 2. Erhardt, R.C. Hootrman, K. Jehle, 8. A.
Kiuter, P Low, H.A. Liaskowrtz, R.M. Pangborn, D.R. Peryam,
L Powers, P.A, Prell, K, Presosi, J.8. Resume, N.C. Rodriguar,
£.2. Skmner, J. Speight, H. Stone, 5. Snydsr, LS, Tanne, C
I."fi‘ff_"_ffg. S\, Vhnlod,,

and Beverages' (IFT, 1954). Prall (1976) revicwed
and revised that information to.include current
procedutes, test methods, applications, and refe:-
ences. The information presented in this guide
represents a further revision and expansicn of
thése versions. This guide is desizned tosevoasa
reference for individuals working in the ficld of
sensary evaluation and to promote standardizativa
and consistency of test procedures and results

For supplementary information on physical cou-
ditions of testing, e.g., testing arza, sample prepa-
ration, and sample presentatlion, see Amerine et 2l
(1983), ASTM Committes E-18 (1988; 1973), 512kl
and Einstein (1973), and Larmond (1977). Fo:
information on experimental designs for sensery
tests, refer to Cochran and Cax (1857), Amerine &
al, (1963), Winer (1971}, Harrison (1972], and Sidel
and Stone (1976). For a glossary of standard
definitions of terms relating to sensory evaluation,
see ASTM Committee E-18 (1978).

The IFT Sensory Evaluation Division has alse
published recommended guidelines for the prepa-
ration end review of papers reporling sansory
evaluation data (IFT, 1981)—a revision of the IFT
{1971) author guidelines.

Fach membeer of the IFT Sencory Fvaluatien Diviaion will antemsie
cally teceive one ropeint uf Lhis gunde (2o the Divisiun fert of vhange
Nonmembers 6f The Dinnion mav ahtain reprints o 10w |_.nh_.
prepaid—make rhe cheel puyable Lo “lndilute of Fued Te healezian
and aend it with ¢ request for a reprint of “Scinnry Ea aluatzn Girde for
Treating Ficad and Buverage I'rdunts™ to IFT Repint Bept, Taak
v, Chicazn, 1L 60620,

S,
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It is the responsibility of the sensory scientist to
select and implement proper fesling methodolo-
gies. A thorouzh understanding of the exp. siinent-

" er's obhjective(s) is essential. The most con:monly
occurring industrial applicalions are as follows:

e New IProduct Development. Some new prod-
ucls are unique (i.e., there is no prololype), but
most new products are imitations or variations of
some established standard. In either case, product
develupers need information on the sensory quality
and relative scceptability of experimental proto-
- type samples as input for marketability.

Sensory evaluation of a new product may involve
the following test sequence:

1. Characterization
samples to determine uniqueness or a “point of
differentiation” from related established prod-
ucts.

2. Evaluation of the experimental prototype
samples to establish whether differences exist

among them (or between the prototype samples

and a standard).

3. Delermination of whether the prototype
samples meet the acceptability requirements es-
tablished for the product (e.g., whether they are
equal to or better than the standard).

® Product Matching. Duplicating a standard (2
prototype, a competitor’s product, etc.) reguires a
sensory testing sequence similar to that for new

produci development. The objective of product
matching, however, is to verify that there is no

dilference between the standard and the experi-

mentdl product, and that the two have equivalent

acceptability. .

e Product Improvement. Real improvement of
a product can be measured in a number of ways.
The [ollowing is a logical testing sequence:

1. Difference tests to determine whether the
experimental product is diiferent from the control
(if it is not different, it cannot be better).

2, Affeclive tests, if products differ, to estab-
lish whether the experiinental product is liked
more than the control (i.e., represents an improve-
ment),”

¢ Process Change. A process change should

maintain or improve the product. The testing

sequence is similar-to that for product improve-
ment:

1. Difference tests to determine whether the
experiinental product is different from the control
{if it is not different, it cannot be poorer.)

2. Affective tests, if products differ, to estab-

lish whether the experimental product is liked as

well as or more than the control.

¢ Cost Reduction and/or Selection of & New
Source of Supply. A success{ul cost-reduction pro-
gram hased upon lower-priced ingredients, a lower-
cost process, or production in a different location
must yield an end product comparable to the
product formerly produced. Change to a new sup-
_Plier of raw imaterials shuuld also result in an end
$

Types of Applications

of product prototype

L “product comparable to the standard or control.

The sequence of sensory evaluation in these situa-
tions usually is as folluws:

1. Difference tests to establish whether the
experimental product is different from the conleol
(if it is not different, it must be as goud as the
cantrol).

2. Affective tests, if products differ, tn estab-
lish whether the experimental product is hiked as
well as or more than the control.

e Quality Control. Quality control procedures
are used during production, distribution, and mac-
keting to ensure that the end product is as good as
the standard. Representative samples are usually
evaluated as follows:

1. Difference tests to determine whether thiz
sample is different from the standaed (if it is not
different, it must be as good as the standard.)

2. Descriptive tests, if the sample is found to
be different, to indicate how the sample differs
from the standard. Results of these tests may be
used to guide remedial action, such as changes in
processing procedures. © . -

e Storage Stability. Product stability durin
transportation, warehousing, and retailing andi
during storage in the home is essential to consumer
satisfaction. To establish information on product
shelf life, representative samples are obtained,
evaluated initially, and subjected to controlled
storage conditions for subsequent tests, At specific
time intervals; storage samiples are withdrawn and
evaluated, generally in comparison with a control.
The control must be of the same production lut or
batch as the test samples and must be held under

" conditions known to maintain the orizinal quality.

Sensory tests to determine product storage stabili-
ty may include the following: .

1. Difference tests to determine whether the
storage samples are different from the control (if
no significant difference is found, product stabiliry
is assumed). )

2. Descriptive tests, used alone or in conjunc-
tion with difficrence tests, to characterize and/or
quantify the changes that may have occurred dur-
ing storage. Descriptive analysis is frequently used
in situations where maintenance of a control is
unrealistic. . )
-.- .3. Acceptance tests to determine the relative
acceptancé of stored products.

‘s Product Grading or Rating, Product grading
-or rating requirés-an accurate classification of the
samples according to grade standards defined for
the product, as well as an evaluation of samples in
relation to each other. Although grading may be
done by chemical or instrumental analyses, discus-
sion in this guide will be limited to grading by
sensory evaluation. Category scoring or ratio scal-
ing based on the presence and intensity of selected
characteristics may be used to measure samples
against $tandard specifications set for the prod-

uck - " -

—Continued on ncxt page
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# Consumer Acceptance andfor Opinions, Alt.

- er laloratory screening, it may be desirable to
. submit product to a central-location or home-

placement test to obtain consumer reaction.
Acceplance tests will indicate whether the current

pt xluct can be marketed or improvement is
needed.

o Consumer Preference. Prefemnce tests
among consumers of the product can be used to
determine which sample 15 peoferred. Preference
screcning tests are often conducted with employee
panclists. Although employee tests may not repre-
sent a random sampling of the target population,
direclional inforination may be gained for design-
ing subsequent consumer tests,.

¢ Payelist S¢lection and Training. The se-
lection of appropriate individuals for participation
in trained \analytical) panels is essential to effec-
tive panel performance. Initial training can usually
be accomplished during the selectiun process. The
methods most frequently used to select and train
panclists in the lahoratory are as follows:
1. Sensitivity, tesis to determine recognition
of hasic tastes, Although there is no evidence that

" censitivity to-sweet, sour, salt, and bitter stimuli is

related to performance on sensory panels, the

panelists (judges) should be ahle fo diflerentiate
unequivocally among these sensations to avaid
confusion of taste terminology. .

2. Difference tests to determine ability to

- detect specific variations of the test product and to

gencrate reproducible results. Tha product varia-
tions illustrated during the selection process
should be similar to those which may be encoun-
tered during the actual operation of the panel.

3. Descriptive tests to determine ability to
measure differences and to generate reproducible
results, As with the difference tests, the product
variations illustrated during the selection process
should be similar to these which may he encoun-

. tered during the actual operation of the panel, 2nd

the rating scale uscd should be the same as that
which will be used during the actual panrel opera-
tion. .

e Cotrelation of Sensory with Chemical and
Physical Measuremcnts. DBecause sensory res-
ponse toa productis of concern to the developer, it
is essential to know how any chemical or physical
method used compares with the human senses, Le.,
the panel's ability to detect and quantify sensory
characteristics. Descriptive test methods with
trained panelists are generally used for this pur-
paose. -

. -ﬁ Types

of Tests_

S GOE AN EE Im R NN W e

There are two major classifications: of sensory
tests—-‘analyﬁcal and afizctive (Table 1)

Analytice! tes's ave used for laboratory zval-
uation of products in terms of dilferences or simi-
larities and for identification and quantification of
sensory characteristics. There are two major types
of analytical tests—discriminative and descriptive.
Both employ experienced and/or trained panelists,
Potentia! panelists are screened for selected per-
sonal traits, interest, and ability to discriminate
differences and generate reproducible results.
Training further familiarizes the panelists with
test procedures and increases their ability to recog-
nize, identify, and recall sensory characteristics.

Affective tests are used to evaluate preference
and/or acceptance of products. Generally, a large
number of respondents is required for such evalua-
tions, These panelists are not trzined, but are
selected at large to represent target or potential
target populations. Panel members are selected in
accordance with a number of criteria, which fre-
quently include: {1) previous use of the product, (2)
size uf family or age of specific family members, (3)

Joccupation of head of houschold, (4) economic or

social level, and (S) geographic area.

The various analytical-discriminative, analyti-
cal-descriptive, and alfcctive tests are described
helow and in Table 2, and the spcciﬁotesls for each
type of application discussed in the previous sec-
tion are described in ‘L'uble 3.

ANALYTICAL-DISCRININATIVE TESTS

There are two types of discrhininative tesis—
difference and sensitivity, DhfTercnee Lests messure

_whether samples can pe difierentiated al some

predetsrmined level of statistical vrobability, e.g,
p < 0.05. Sensitivity tests measuce the ability of
individuals to detect sensory characteristics.

¢ Dilference Tests. There are several Lypes of
difference tests:

1. laired-Comnperison (Test L in Table 2).

Two coded samples are evaluated simultaneously
or sequentially in a balanced order of presentation.
There are two variations of this test:
. a. Simple Difference. The judge indicates
whether there is a ¢ierence between the samples.
The judge is told beforehand that the samples in
each trial set to be tested may be identical or
dilferent. Complete randomness of presentation is
esseantial so that the panelist responds to each trizl
set independently.

b. Directional Difference. ‘The judge
chooses Llie sample within each pair that has the
greater amount of a specified characteristic. A
forced choice {no indeterminate answers) i3
required. )

The number of pairs presented at one session
is limited by fatigue or adaptation induced by
exlensive sensory testing. The Jhance probability
of selecting vne sample over anothee within ndi-
vidual pairs is one-half.
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Analysit of data
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1. Puredcomparison
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3, Trhsngle

4. Ranking
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8. Trveshod ..

7. Dduten
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Ig o magnitude
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9. Faver proble anshysis

10. Textre prolue analysis

11, Quanutative desaiptive

nidysa

12, Hevloric {verbral or
1aidl} szale rating

13, Food actien scala rat-
ng

2

3 {2 idantical, 1 dilferent)

3 (2 identical,”} diMerent)

27

1-18 {the larget number anly
i mdd-llaveryd of rated for
lextwa ontyl

%-15

5-15

" 1-18 (the targer number only

if mild-Mlavoead o rated for
teztwre oniyl )

15

1-18 [iha lacgar number only
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1-18 (1he L ger number only
o mad-flaveced o rated fce

texhoa onlyl

" Binormial distribution

Binomial Ssirbuticn

. Rinomial Sstrdution

Rank an3lysis -
Anclyss of virfanca

Analysis of variance
Rark analyus

Sequentad snalysis

Sequential analysis

Anzivsis of vanance
Rank anafysis |
Regiession analysis
Facier anabysis
Graphus presentalion

Graphoe presentation
Principal components
g mudlivanats

snatysis of vanznce

* Graphes presantation
Printigal components,
ad mullvaviate
Fulyss of yridnce:

Andyus of variance
Facter analysis
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Geaphis peesentation
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Rank analysis
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Rank analysis

., Spsudm

Grdgeman  {195%; 1961k
Peryam (1958): Roesaler etal,
11978): Schate® (1952} .

Gridggeman (1955]; Lockhart
11851k * Peryam  (1956)
Roessler et al. {1978)

Byer and Adrams (19521
Gridgaman  {1955); Xramer
and Twigg (19621 Peyam
(1358}, Rowsaler et al.
{1978]

Rahn et al (1973, Kramer
{1950; 1363} Snececer ind
Cochvan [1967): Tomplins
and Pratt {1959}

Mshoney et al. 119571
Peryam (13528]; Snudeger il
Cochran [1867) Tutey
{1943); Wilay et 3l. [1957)

ASTM  Commuttes E-78
(1968); Green and  Swais

. 11971} Gregson L1562); Gul-

ford {19541 Pdgrien et 3k
[1955); Wald [1247),

Bolven and Joedan {1953%
Tdgner {15523 bl Viald
{1347} -

ASTM  Commities  E-18
1197234, Cxrtin mt 2l (1956%
Qunnan (1955) Xeamer and
Twigg (1982); #ahgeey et al,
{1537); Snedecer. and Ceclvan
{1967); Wiey ex ol (13570

Maoskawitz  [1974: 197%5;
1978); Movkaveair snd Berbe
{1975); Moskowiit and YWehs-
by (13720 Moskowitz ind
Swdel {197 1) Stevens {19621
Winer {1071} .

Cau {1957 Latle (1208
and Cavnuioss
1§954);  Sidstedem et
{1957} Kendafl and Stuent
{1958%; Mornson (1976}

Brandt et al. 11963), Cmnlle
and Siciesmak {14713
Seccesnik e a {19670, Xen-
<3l and Sivark .l}_ﬁjal: fduen-
son (19761

Stone et #. {1974) .

ASTM  Committea E-18
119720}, Els (196G Genlge-
man {1961} Hophing (19501
Peryam and Milgram (1957]

Schutz (19651

.

A3t gy g rglergnae L Ameroe s AL {19651 A

g Siora 11376)

STM Cramumaties €10 110968) Ovake and Sohdsson §1969; 1974]; ELz {19671, IFTLISGAL Larnwaag [ 1917, Sk

LABYE

EANA Teraem OCY - - NOVEMEER 1981

<w Emray pp ooy

L]

i\ g




Tohde 1 — CLASSIFICATION OF SENSOAY EVALUATION METHODS AND PANELS®
Claantcation of mathods -

Appropriate . -t

Type and No,
by lunction metheds® of panatngt
ANALYTICAL: Eviluates dlcrences or # Scresned for inteest, aluhty to dagrnmungre
sinility, tuahty sndfor quantity of sensory differences 3nd reproduce resulis o Trangd
charactensties of 2 peoduct - 1o lunction 33 2 heman snalpical mstrumeng
1. Disciiminative: & Normal sentory dtuity & Periode ruqual i
ion & Pan [ .
2. Diffraice: Measxres  simply fazed-companson :ut:'?, 3 :‘ e';': :cnfﬂd- v
whether samples are dllaent Quo-uio asity an N“q ment redroducdity & Ko
. recorn eagded UMagc number” —a Aumber
. Triangle
Ranking often used 15 10; 2 recommendad mwrimgem
o ' rerail 1
Rating cilferencafscalar differenge mver i generaily 5. wince 3nr.dewer costd
tepresent te9 much dependence vpon ooz
froen contegl S
individual's responses
b. Sensiivity: bicisures shaty of Theesheld .
ndndals (o datect sensaey chare Dilution 4 . .
actenisicls) ’
. BEST
2, Doscriptive:  Measwres  cualitatve Attribute rating AVAILABLE
and/or guantitaiive charaztenstic(s) Categoty scaling

Rata seabng (magml'ude estimancn)
Descriptive analysis

Flavor prafile analysis .
Texture prohle analysis : Tre e
Quanttative descriplive analysts
AFFECTIVE. Evdiuales preferencas and/ix Pawed-preference ¢ Randomly  selscied o Unttaiced » Fe-
accepiance andfor epumans of produst Ranking presentalive of targel popuiztizcn » Ceonsume-
. . Raung

ers of test produit @ No recnmmendss
. Hedonx lverbal o facial) scale “magic number” —minunum is gerd'ly 13

Food actica scale . panslists, whizh is somelimins consiCered

tough product sereeming: 59-100 punchiis
usvally considered adequase

P Sumpmsted refercnces AbSatt [1973] Asnerae ot 3t [1255F AMSA (19781 ASTM Compurles S-18 11562 1379 13311 Seaact st 2l 11953, Cown {13570, Dawzon o1

o (Vo83 ESg (1956, 1952, 19701 Mesn {1974, 19752L IFT{1964; 19791 Laemeond 11977), Mt {157]), Pigren and Perpam {11355), Schotr (197 U; S£5%5m ot al.
{1857), Stad 3 Enstenn 11972); Stone ot 2l 1874}
e Talile 2

Slgnarng thesr Sonpderatons ST ases the posnuddity of Bz and sror n the resdits

2. Duo-Trio (Test 2). This test eraploys three simultzneous comparisons of several samples on
samples, lwo identical and one different. One the basis of a single characterisiic. A conirel need
sample is identified as the standard znd presented not be identified; all tast samples are coded. Sam-
first, followed by two coded samples, one of which = ples {which may include a control or standard) are
is iduntical to the standard. The judge is required presented simultaneously and ranked accarding to
to identify the sample which matches the standard. intensity of the characteristic designated; no tics
The sample used as the standard may be constant are allowed.-Rank totals or average ranks arec
or aliernated. As with the paired-comparison and obtained for each sample; cdifferences are inter-

triangle tests, a forced choice is required and preted through stalistical analysis of the data.
statistics may be applied to determins significance. 5. Roting Difference/Scaler Difference from

sample is one-half, control sample is availabie for comparison with ong

The chance probability of selecting the matching Control (Test 3). This test may be used when a -

3, Triangle {Test 3). This test employs three or morz experimental samples, Judges receive all
coded semples, two identical and one different, samples simultaneously, an identificd con'trot and
presented simultanecusly. None of the samples is /  coded expanmentai treatments, The conirol may
identified as the standard. Control and experimen. be introduced as an uTnkn_O\_\'n sample. Category
tal treatments are systematically varied so that scales ranging from “No difference frora control
each is presented in odd and identical sample to “Yery large difference {rom control are typical.
positions an equal number of times. The judge Statistical analysis of the data is used to show
must determine which of the three samples pre- whether the degree of diffzcence from the coatrol is
sented differs from the other two. A forced Ehcuce significant.
is required. Statistical analysis is used to deter- .
mine whether o significant difference between O_‘fgr}flt;w:)‘ Tests. There are two types of
Lreatments cxists. The probability of chogsing the sensitivily lesls: "
different or odd sample by chance alone is one- 1. Threshold {Test G). Thresholds are usunaly
third. ’

4. Ranking (Test 4). This test is used to make . —Text continucd oa page 53
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expressed as absolule, which is the minimum
deleciahle level of concentration of a subslance.
(Thresholds should be distinguished from the "just
noticcable difference,” whicl is the least amount of
chanze in concentration of a given «limulus neces-
sary to produce a noticeable change in perception
of that stimulus.) Criteria of response in determin-
ing these threshoelds include detection threshold
(nwareness of change from sotne neutral back-
ground} and recognition threshold (point at which
the stimulus becomes identifiable). Samples for
threshold testing are generally prepared as a log
series of concentrations of a chemically pure stimu-
jus material in a neulral substrate,

Diflerence tests (normally paired-comparison,
duo-trio, and triangle) are appropriate for deter-
mining thresholds, proviled fatigue, carry-over,
and/or other constraints «i »y not eliminate a partic-
ular methad. Tra paired-comparison test, the point
in the 'serids fatisyhich 75% of a judge’s responses
are correct is usually designated as the absolute
threshaold.

’

Table 3— RECOMMENOLD SENSORY TEST METHODS foy egmai- ‘

tyzes of apphcatons”

— ey oty b g v et

Ty al spphration

4 o —— r— — 1
v ——

Appropridte Ll merhody bated
in Tav's 2

————

New prodist davelepment
Product matching

Praduct impravement
Process change

Cost reduclion and'or seleznon of
3 nce sowree of supply

Quality coatrat

Storage stadility

Produet grading or raong

Conasumer 3cceplanca and/or opine
[

Cons... "~ preference

Panelist selection and trsining

Cocrelation of 50500y with chorue
cal and physical measwements

1,2,3,5.8.9,10, 11, 12,

1,2,3,4,5,8,9.10, 11,
12,13

1,2,3.5.8,9,10, 11, 12,
13

12
1.2,3.5.8,9,10, 11, 12,
13 .
1,2,3,5.8. 8,10, 11,12,

_Aﬂ ascendlng and descendmg series qf goncen- ASuggeited geneal referenzes: Aot [1973), Ameras ol & [1353), AH;
tralions may also he used for delermining the. F1978): ASTA Commuten E~18 41968: 1979 19810 0w (1SS71- Hesh [1272;
absolute threshold. Samples are presented one at a 19753 bl 15T [1964; 1379, 1980k, Lumond (1977). SN ang Easten
time in ¢rder of physical concentration, and the ns73t
judge must indicate whether the designated stimu-
ius i$ detected. Sample presentation within the
series is continued until the same judginent occurs
for two successive presentations. Ascending and
descencling series are given alternately; the thresh-
old represents the average of values ohtained.

- Regardless of the sensory method employed,
threshold should be expressed only by procedures
which are statistically sound. ) .

2. Dilution (Test 7): The dilution technique
defermines the smallest amount of test material
that can be detected when it is mixed with a
standard material. The technique may provide
information on relative intensities of treatments at
comparable dilution levels. Diluting food samples
may reveal components that ate masked in the
composite. Dilution testing is limited to food prod-
ucls that can be made homogeneous without
affecting the factor being tested. Various differ-
ence test methods such as paired-comparison,
irizngle, and ranking may be used to measure the
ability of the panelist to detect changes in the
concentration of the test food product. Data
obtained may be statistically analyzed end graphi-
cally {llustrated. ’

tured). Coded samples are presented simulta-
neously or sequentially in a balanced order which
differs among the individual parel members. A
single-sample -product evaluation is selinm
employed; most perceptual judgments are relutive,
_Category scales consisting of a serics of word
phrases (adverbial or adjectival modifiers) struc-
tured in ascending or descending order of intenzity
are used to measure the specified afttribute (e.g.,
sweetness, ofl-flavor, ete.) An alternate scaline
procedure is an unstructured vertical or horizontal
line with verbal anchors at each end to describe or
limit the attribute. For analysis purposes, succes-
sive digits are later assigned to each peint repre-
sented on the scale, usually beginning at the enc
representing zero intensity. This follows the con-
vention of having higher numbers represent 2
greater magnitude or more of a given guality. A
statistical analysis (e.g., analysis of variance) ol the
mean intensity scores for cach sample is used to
determine significant differences emong the mean
scores for the samples represented. ’

2. Iatio Secaling (Magnitude Estimation).
This test is used to estimate the relationship -
between physical intensity and sensory magnitude,
It can also be used for comparative ratings on
specific attributes among two or more products.
This methed permits the participant to use a wice
range of numbers of his or her own choice with the
property that ratios or proportions among the
numerical assignments reflect ratios of sensory
intensities. Participants must be given a briel
orientation in the method of ratio scaling. Samples
are presented successively, in a balanced order. Il e
referencd is used, it must be presented hirst, and it
may be reintroduced later if desired. The numbis

ANALYTICAL-DESCRIPTIVE TESTS

Descriptive tests attempt to identify sensory
characteristics and quantify them. Panelists are
selected on their ability to perceive differences
between test products and verbalize perceptions.
Special training is required to perform profile and
quantitative descriptive analyses. )

There are two general types of descriptive
tests—attribute rating and descriptive analysis:

e Attribute Rating (Test 8). There are, in turn,
twu lypes of rating tests: !

1. Catcgory Scaling (structured and unstrue-

o !
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%J.!lé:nsul;jcct must indicate a preference for one
“sample over another. Resulls are ablained in terms
of the relative [requencies of choice of the two
samples represented, generally as accumulated for
all participants. g

o Ranking Test (L'est 4). ‘T'his is, in efiect, an
extension of the paired-preference approach.
‘Three or more coded samples are presented simul-
taneously, sufficient in amount so that the subject
can check back on his or her first impression. The
fotal number of samples tested is dependent upon
the subject's span of atl:-lion and meniory, as well
as physiological consiterations. The subjeet is
asked to assign an order to the samples according
to his or her preference. As with the paired-
comparison {paired-preference) method, rank or-
der evaluales samples only in relation to one ano-
ther. The amount of liking (or disliking} for indi-
viduzl samples cannot be adequately determined
by this method.

¢ Rating Tests. Scale ratings reflect respon-

denls’ perceived intensily of a specified attribute -

under a given set of conditions. Various rating
sczles have been developed and used:

1. Hedonic Rating Scale (Test 12). This test
is used to measure the level of liking for food
products by a population, It may be applied in
testing for preference or acceptance (i.e., prefer-
ence is inlerred from hedonic ratings). The method
relies on test subjects’ capacities to repoct, directly
and reliably, their feelings of like and dislike.

Several variations of the traditional .nine-

int word hedonic scale have been used eSective--

y. These include: (1) a reduced number of rating
categories, although not {ewer than five Is recom-
mended; (2) a greater number of “like” rating
calepories than “dislike’: (3} omission of the neu-
trel izting category, (4) substitution of the verbal
catezarias by caricatures representing degrees of
pleasure and displeasure (facial hedonic seale); and
{5} use of a nonstructured, nonnumerical line scale
anihored with “like” and “dislike’” on opposite
ends. .

Samples 1nay be tested monadically {(single
sample), paired zgainst a standard, or in combina.
tivns dictated by statistical design. The monadic
test methord is appropriate for determining the
acceptabilily of a new or unusual food product
where there are no similar producis for compari-
son, In a paired test, the eaperimental product is
directly cumpared to the standard. Multiple-sarm-
ple comparisons may also be used fur preference
screenings. In paired or multiple-sample compari-
sons, samples are presented siqnultaneously or suc-
cessively in a balanced arder. The test subject is
asked to evaluate each sampie and mark the scales
accordingly. Instructions must not inflluence the
subject’s response.

Hedonic scale ratings are converted to numer-
ical scores, and statistical analysis is applied to
determine difference in degree of liking between ar
among samples. A hedonic rating tast can yield
both absolute and relative information about the
test samnles. Absolute informztion is derived from
the degree of liking (or disliking) indicated for each
saraple, and relative information is derived from
the direction and degree of difference between or
among the sample scoras.

2. Food Action Rating Scale (Test 13). This
test may be used to measure the level of acceptance
of food products by a population. Thea scalz is nov
applicable for raling specific clinractenistics; rather
it is a measure of general attitude towzrd a food
preduct. This rating scale includes action as well as
aflective-type statements. Nine successive rating
categories ranzing from “I would eat fbuy, use,
etc.} this every opportunity [ had"” 1o “I would eat
this only if [ were [urced to™ zre represented. One

- or more samples may be tested. Samgles are pre-

scanted sequentially in a balznced order. and the
test subject is told to decide which of the staie-
ments on the scale best represents his or her
attitude. Subjecls are allowed to make their ovwn
inferences about the meaning of the scale catego-
ries. The scale ratings are converted to numerical
scares to facilitate statistical analysis of data.
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APENDICE 2 continuacidn

Boleta para la prueba de reconocimiento de olores basicos

Nombre:

Fecha:

Reconocimiento de olores basicos

Los frascos cubiertos contienen substancias olorosas que sz
encuentran comunmente en el hogar o el lugar de trabajo. Acerque cl
frasco a su nariz, saque la tapa, husmee brevemente 3 veces y trate de
identificar el olot. Si no se le viene a {a memoria el nombre exacto de iz

substancia, trate de describir alpuna cosa con la gue usted asocie ese olor.
y EY i

Codigo Oler




Remembering Odors <
and Their Names

Trygg Engen

It is generally believed that odor memory is excellent,
but its strengths and weaknesses compared with visual
or auditory memory are not well appredciated. What odor
perception does best, the basis tor its reputation, 15 to
recreate sigruficant past episodes in a person’s life. The
French novelist Marcel Proust has provided the classic
example, describing at the beginning of tus masterpiece
Remembrance of Things Past how the aroma and flavor of a
morsel of pebte madeleine soaked in a spoonful of tea
brought back long-forgotten memories of his aunt's
bedroom in the farly’s house at Combray: “When from
a long-chistant past notrung subsists, after the people are
dead, after the things are broken and

But there is an important distinction between mem-

orv by recall and by recognition. Viadimir Nabokov,
another among the many wnters who have provided
dlustrations of odor perception, calls attenton in his
early novel Mary to this distinction: “Memory can restore
to life everything except smells, although nothung re-
vives the past so completely as a smell “that was once
associated with it.”” At best, the ability to recall an odor is
limited compared to one’s abihity to recall sounds and
sights. There are two aspects to this. One is the inability
to conjure up the odor sensanon, to recall, tor example,
lemon, as one can recall its color or shape The other, of
primary concern here, is associative

scattered, still alone, more [fragile,
but with more vitality, more unsub-
stantial, more persistent, more faith-
tul, the smell and taste of things . .
bear unfaltering, 1n the tiny and al-
most impalpable drop of thewr es-
sence, the vast structure of recollec-
hon

It 1s not that odor memory pro-
vides storage for a large number of

sems Rather, it mnvolves sigruftcant
1

We can recognize
odors virtually forever,
though we have
difficulty conjuring up
a particular smell and
remembering its name

memory, the abiity, for example, to
use odors along with names or pic-
tures for mnemonic purpases.

To begin with, one musi make a
distinction between being able to re-
member the name of an odor and
being able to recogmze the odor
Recogrution memory refers to judg-
ments regarding which one of a set of
odors has been encountered before,
1t does not require speca: namung.

wpsudes, such as that aescnibed by
Proust, and odors of foods (including those to which one
has an aversion because of thewr associahon with illness),
persons, and places These are not, of course, the odors
one can study i the laboratorv, where the excellence of
long-term recogrution memory of odors has been docu-
mented with h pical stimuly (Engen and Ross 1973)
Figure 1 compares these results with the Proustan
pnenomenon The strenigth of memory vanes with the
special involvement a person has with the odor Tune's
potennal interference with memorv 15 negligible in the
case of etther laboratory or episodic odors. In this regard
visual and olfactory recogrution memory are different
There certainly are such memorable events 1n visual
memory, but Jong-term recognition memory is 2 specal
armbute of oltachon which shows an almost flat torget-

ting curve in both the short and the long term (Engen et
al. 1973)

Trugy Engen graduated frors the Osto Katedrabhole in Norvay ut 1946 and
received Jus Ph D from the Unizersity of Nefrazha m 1934 Smee ther fre
ras beeat engaged it teacdung and research at Brown Universuew and it e
University of Stockdiolm The research has ieen m psuchological
measurement. with a specual mterest m olfact.on. Address Walter 5. Hunter
Laporatory of Psuchology, Braowen Umersity  Provsdence, R 02912.

Any mean:  denaficazon by a
number or other symbol woulc e as valid as 2 name,
the only requirement being that each odor has e a unique
label. In our early experiments, one odor was presented
at random from a predeterminad set at each mal to be
identfied without the help of comparison shmul: or a lis!
of responses from which to chaose (Auler 1933) The size
of the set from which the test odor was selected was
varied n order to determune the maximum number of
samult a subject could handle without confusing thaur
denbties For odor quality this number turned out to be
about 16 mn experuments with college students as well as
with trained chenusts and pertumers (Engen and Plak-
mana 1960; Jones 1968). Such a level of performance,
known as channel capacity, 15 simular to tha: obsened
with Munsell chups varying in color, brightness, and size
(Enksen and Hake 1955). Contrary to earlier opiruon,
then, the human abulity to identify a single odor without
any other cue is not outstandmo but 15 simifar to that
observed with comparable sumuli 1n vision and aud:-
tion.

Other researchers have argued that subjects can do
better if tramed to name odors (Desor and Beauchamp
1974, Cain 1979). However, 1n evaluating the eftect ot
training it must be borne in rmund that 1n our expenments

1857 Septemrs- Joooer 497
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Figure 1. The special strength of odor memory—the relative
permanence of the ability to recognize a given odor—1s apparent
when one compares it to recognition memory for pictures. The
recognition of so-called episodic odors, odors associated with
sigmificant real-life experiences, remains close to the initial strength
as time passes. By comparison, one's ability to recognize pictures
shown in 2 laboratory experiment, while as strong nitially as the
abulity to recognize episodic odors, decreases rapidly in a relatively
short time. Laboratory odors are not recognized well after a
mimmal interval of time, but, like episodic odors, show very little
long-term loss.

the stimuli were equally likely to be presented, whereas
in the training experiments and in real life the chances
vary over tnals. Unequal probabilities mean that the
number of alternative choices per odor in the set 1s
reduced. More importantly, the expenments we con-
ducted measured memory span and disaiminability of
samuli, not familianty, which of course will be different
for college students and perfumers.

One avoids the naming problem by performing
recogrubon experiments {Engen and Ross 1973), but
Raming remains an interesting phenomenon. Visual
objects and thewr names are so closely linked that they
are mnseparable (Posner 1969) It seems unreasonable to
assume, as apparently was done in the training expen-
ments referred to above, that people learn names for
visual objects but somehow fail to learn names for odors,
leaving them incapable of showing the size of thewr odor
memory Rather, it seems, as Nabokov suggests, that the
linking of names and odors is inherently wezk. Thus
article reports recent research on the problem of naming
odors and on the arrangement of odors in memory. It
considers, not how many odors can be named, but how
accurately an unirained person can do it and the nature
of the words he or she uses for the task.

The assodative power of odor

It has long been known by experimental psvchologsts
that assoqating odors with items to be learned is no
more benefiqal than associating them with nonsense
svilables (Hevwood and Vortmede 1903). One recent
expertment shows that people take longer to learn to
assocate odors with numerical digits than thev do to
assodate abstract free-form line drawings with digits
{Davis 1977). In another expenment, it was found that
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subjects were “sluggish” in learming new word assoca-
tions to make odors more idenafiable (Cain 1980) iThere-
fore, it is not surpnsing that it should be difficult to recall
the name of a familiar odor. Sumner (1962) experienced
this problem earlier in attempting to develop a chnical
test of olfachon. He presented 12 common odors—
almond, lemon, camphor, coffee, clove, aruse, chocolate,
peppermint, nutmeg, tar, eucalvptus, and asafetda—to
a control group of medical students to establish norms
against which to evaluate pahents. To his surpnse. the
tvpical medical student could identify only six such
odors.

Considering this difficulty in naming, 1t 1s cunous
that odor dlassificaton has dominated research in olfac-
ton. The working assumption 1s that stimub cause
sensations of certain qualites which subjects can de-
scnbe and categonze. What is basically wrong with this
approach is its emphasis on words, which have but a
tenuous connection to odor perception. The reason for
the confinued popularityv of odor classificanon 15 un-
doubtedly that dassification has provided mearungrul
data on color perception correlated with both the stimu-
lus and the relatively specific transduction charactenstics
of photoreceptors. There is a strong tendency to assume
that all the senses fit such a stimulus-response model
and to compare them with vision. Thus Henning's smell
prism, reproduced in Figure 2, is stll presented in
textbooks as analogous to the color solid, although there
is not a shred of evidence that the smell pnsm 1s vahd as
a model for understanding the shmuli and olfactory
receptors or that the words “flowery,” “putrid,”
“fruity,” “resinous,” “spicy,” and “tarry” represen
spedial odor qualities analogous to the colors biue, green,
yellow, and red.

The fact that one mav recognize an odor as famihar
without being able to nar- -~ 1t has been descnibed as the

“The smell and taste of things . . . bear
unfaltering, in the tiny and almost
impalpable drop of their essence, the vast’
structure of recollection”

—Marcel Proust

“tp-of-the-nose” state (Lawless and Engen 1977) It the
experimenter presents the correct odor name to a subject
in that state, the subject will recognize it unmediately
and be puzzled about whybe could not refneve it in the
first place. The reason 1s that the odor-name assocation
is not symmetncal. We asked some 33 subjects (college
students) two sets of questions. One pertamed to the
quality of an odor: for example, if the subject could name
a similar odor, its general category, and objects which
might produce it. The other set probed for mformaton
about the odor name: whether the subject could gne a
name with a similar meaning, sound, or number ot
syllables and letters. These questions were sutular *

those used in a study of the tip-of-the-tongue stai.
(Brown and McNeill 1966). The tip-of-the-nose results
were unusually clearcut: the subjects’ answers to the
second: set of queshons indicated that they could not




thunk of a surular word related to the target. They could.
however, answer the first set of questions, showing that
they knew something in general about the odor category
or an cbject assoaated wath it.

The tip-of-the-nose state differs in important ways
from the tip-of-the-tongue state, in which a person can
tell vou something about the correct name, such as the
irutial letter, the number of syllables, or the general
corfiguration of the word. In the tip-of-the-nose state,
the person appears to have no such lexical information
about odor names, a situation which undoubtedly influ-
ences the results in tests of odor perception.

Our recent experunents, to be desanbed here, exam-
ined thus problem closely. They included a task in which
there were no presaribed names {an open-ended situa-
ton leaving it up to the subjects to recall a name for each
odor) and 2 multiple-choice task in which alternative

“Memory can restore to life everything
except smells, although nothing revives
the past so completely as a smell that
was once associated with it” .
—Vladimir Nabokov

names were provided and which demanded simple
recognition and nc produchon of names at ail.

The first task was simply to name odors spontane-
ously; 1t was left up to the subject to produce a name for
each odor. The subject was presented common odors,
one at a tirne, and asked to descnibe each with one word,
if possible. It was emphasized that the odors would not
be harmful or unpleasant. There was ample time be-
tween tmals to prevent fatigue or adaptation

Tw.o seis of odorants were used with bwo different
groups The first set, presented to 48 subjects, 25 women
and 23 men, induded stimuli used by Cain and Krause
{1979) called ‘‘brand names,” which are considered
relativelv easy to idendfy. Bazooka bubble gum, Crayola
cravons, Ivory bar soap, Johnson's baby powder, and
Vick's Vaporub Fuwe other odorants used were amyl
aceiate (banana ot), clove oil, atral (lemon), phenylethyvl
alcohoi (rose), and methyl salicylate (mint or winter-
green) Each of the odorants was presented in cotton
inside a widemouthed bottle 30 mm high and 25 mm 1n
diameter, shavings were used for the solid substances
{gum, cavon, and soap) There were no visual cues
avatlable to the subject.

The second set of odorants included some of the
same odors (banana, lemon, and rose); they were micro-
encapsulated stimuli produced by 3M, which are now
widely used chirucally (Doty et al. 1984), and which are
used on the scratch-and-smuff card that accompanies this
article The 13 odors used, in addition to the three
T -toned, were grape, smoke, munt, gasoline, Liconce,
L. -5¥, pinie, oruon, soap, and diesel. Each was presented
on a stnp of paper attached to a 100 x 130 mm card. The
subject was asked to scratch the paper strips with a
hingermnad or a piece of sandpaper. This released the
odorous molecules for the subject to sruff and name as

succinctly as possible. Thirty new subjects. 17 men and
13 women, were tested in this task. -

For the furst set of 10 odorants including the brand
names, the number of correct responses ranged from 1
to 9, with a mean of 4.4, or 4%, and a standard
deviation of 1.9. The mean number of correct responses
for the 5 brand names was 2.4, with a standard deviabion
of 1 3. The mean for the 5 other odorants was 2.1, with 2
standard deviation of 1.2. The difference between the
two kinds of odorants is not signuficant, although it s 1n
the expected direction. The difference between men and
women is statistically significant, with means and stan-
dard deviations of 4.1 and 1.6 and™+ 9 and 2.1 for men
and women respectively. Regarding differences among
the odors, the percentage of correct identficahion ranged
from 27% for rose to 75% for Bazooka bukble gum.

For the scratch-and-smiff experimen: with 13 odor-
ants, the mean number of correct responses was +.2, or
32%, ranging from 1 to 8. (The difference between the
two sets in average percentages of correct identifica-
ton—44% and 32%—is significant at the 1% level)
YWomen again did significantly better than men, with a
mean score of 4.9 compared to the men's 3 8. Regarding
dafferences among odors, the results ranged from musk,
which was never correctly 1dentfied, to liconce, which
was identfied correctly by 83% of the subjects. To
summanze, although there are mndnidual diferences.
people are not good at naming even very famuhar odors
The main point 1s that, on the average, fewes than half of
the odors were correctly named, even with a lberal
sconng system, accepting, fc- example, “gum” as a
correct answer without either  bble” or “Bazooka

A number of factors affect this performance. First,
some stimuli are better than others. The scraich-and-sruft
odorants were weaker and apparently less saturated
than those 1n the other set, which represented “the real
thung” in the case of brand names. Second, in each set,
as we have seen, some odors are more olen correctly
rientified than others Part of the difierence involves the
scoring of the responses For example, what is a correct
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Tigure 2. Despite the differences between visual and oder memory
demonstrated 1n Figure 1, attempls to classify odors by analogy -
with classifications of visual stimuli have dominated research in
olfaction. The smell prism shown here, developed by the German
psychologist Hans Henning more than 70 years ago, can still be
found in textbooks, even though its dimensions defined by the
classifications flowery (bfung), putnd (faslig), fruwy (uchtig),
spicy (wurzig), tarry (brenziidn), and resinous Urarzig) do not pros de
2 valid model for olfactory stimuli.
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Table 1 gxamples of odor descriptions

Johnson's baby powder (48 responses)

correct response (21) Band-Aid rose

no response (6} bubble gum surizn lolion
powder (3) dentist's office Tssue

s020 (3) flower 1on2t Daper
arr freshener hand lotion vanla

oaoy ol man s periumea WEX

tacy wipes

38 lemon Microfragrance {30 responses)

zomrect response (12) cleaner, Lemgn-resn Piegge

Zin i know (3) hiard cancy

z - 'reshener know. but canl ~scal
tz:hroom fresheper ke pine

5277y, @S i Magic marker Magic Markers 3230
cznay nothing

caoren citrus orange

s fruit some King ¢f iro:

cimus not a lemon or ime

Tanle 2 Types of descriptions of odors (°}

Correct Aelated Associated  Relatsz No
response  odor object SEerssicn  resoonse
Newural 44 3 47 1 5
0g0ors
Micro- 33 5 45 7 10
fracrances

Tehle 3 Semantic levels of reference to odors

Level Example of verzat responise
a-get lemon
$) 10Ny OF Near synonym ciren
suoerordinate frunt
gereral noun or word smeel

aner Halhdzy and Hasan 1976

answer for musk? But beyond that, the dierence must
im oh e expenence and pss chophysical atmbuzes.
Explaining the ditering levels of performance of
men and women 1s not easy. The present data support
those reported by Cain (1980, 1982) and by Dasv and hus
colleagues (1983). The reason tor this rebabie tinding is
not clear, but two hvpotheses stand out. One 15 that it
reflects hormonal differences, which could azect the
sensory receptors and other levels of the perceptual
system and make women more sensitine to odors than
men are. There 15 good evidence for such a hormonal
mecharusm, with greater sensitivity dunng ovulation
than during menstruation (Mair et al. 1978) However, 1t
seems unlikely that the mechamism could have had an
ettect on the average resuits in the present tasks. The
other hvpothesis is that the difference reflects a greater
verbal ability in women, which is well known from the
literature on gender differences. An analvsis of the effect
of such difierences by Hyde (1981) suggests that, al-
though the difference in abilities is reliable and replica-
ble, 1t may nonetheless be too small to influence per-
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formance in the present tasks. Stll, the control o'f;\_\~ords
over perception is very sxgmficant, as we will sze, and
the absence of given words must be considered the

major tactor in explaiming the poor performance 1n this
task by both men and women.

How odors are named

In addition to sconng the responses tor accuracy of
identification, we analvzed the kinds of words or de-
scriptions used by subjects misidentifving odors. When
a subject fails to descnbe the odor ot femon as lemen,
what is the nature of the verbal response? It was
expected that such an analvsis would provide nforma-
ton about vdor associanons and thus the nature of odor
mernory. Table | presents representative data for wo ot
the odors, Johnson's baby powder from one set and
lemon from the other, Both are close to the average in
terms of accuracy

Table 2 summanzes the data obtaned from all the
subjects m both groups. Their responses tall into five
broad categornes. the correct response (e.g, lemon), a
related odor word (iruty), an object associated with the
odor (Pledge). a related sensation {bitter), and no re-
sponse or "I don't know.” The lexscal nature of these
responses was analyzed using the system desaibed by
Halliday and Hasan (1976) and 1llustrated in Table 3 with
responses to the odor of lemon. It 15 a herarchical
taxonomy in which each level includes the meanung ot
the level above -

Applying this system to the present data shows the
the target or the correct name is viriually the onlyv
obtained response like the categones shown in Table 3—
that 1s, responses to odor are either the target or an
object associated with the odor, or they are wrong. They
do not conform to Miller's (1969} hypothesis, based on
other data, that such lexical responses are generally more
likelv to be superordinates than subordinates of the
name Superordinate responses, which are descnbed as
“related odors” in Table 2, were obtained only about 3 to
3% ot the time in the present studyv. They include
identifving lemon as “atrus fruit” or smoke as “some-
thing burnt.” Examples ot the other semantc levels
shown in Table 3 can also be found. but thev too are
uncommon. However, there are other responses which
may be categonzed semanticaily in terms ot collocaton,
a duferent lexical svstem described by Hallidav and
Hasan. An example would be responding to the odor ot
onion as gariic, pizza, ur spicy Such tvpical responses
suggest how odors are organized in memory. Moreover.
collocation explains the kind of odor episodes described
at the beginning of this article.

The results summarized in Table 2 indicate that
people do categonze odors, but not with semantcally
cohesive general nouns. Rather, they do 1t in terms of
the similanty ot odors and the surularity of the context or
kind of object in which odors may be perceived. Verbal
responses to odors tend to be personal, referring to
objects with which a person has had experience. Son
objects are more highly specific (Wngley's juicy Fru
gum) than others (garlic powder, pizza). There are
occasional reterences to taste qualities, such as sweet-
ness.
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Contrasts between odors and colors

The odor desaiptions we obtained are not the kind one
is led to expect by traditional odor dassification systems,
which would require responses analogous to so-called
landmark colors such as red, green, blue, white, and
black. Instead, odors are evidently named in a way that
s similar to the naming of so-called acadental colors, or
cotors of farniliar objects (Miller and Johnson-Laird 1976),

showmng the effect .of environmental expenence and
learrung. Odors may also be hke the colors at the
extremes of the visual spectrum, whch are not as readily
named as landmark colors (Chafe 1970).

On the shmulus side, there is no known physical or
chemucal correlate of odor similar to the well-established
psvchophyvsical correlates of the wvisual spectrum, and no
evidence has been tound vet to confirm the exsstence of
olfactory receptor neurons analogous to the relatively
specific cones (Gesteland 1986). Rather, odors mav be
coded 1individually according to patterns of activity in
olfactorv and other receptors. The olfactory systern con-
tamns a nch supply of receptors capable of respondmg to
tughly diverse signals, which may funcdon in assemblies
together with different receptor neurons.

Perceptions of odors and colors operate according to
digerent prinaples. To begin with, colors involve a
lewcal system which is orgamzed wn memery 1n a
relatively abstract and rigidlv controlled wavy By con-
trast, odor percephon is charactenzed by flexibility and
adaptability, and a relatvels concrete but open-ended
nonverbal coding system. This manner of organizaton
n turn affects odor memorv. What 1s-stored about odors
15 not likely to mvolve semantic categones which can be
used to retneve odors. Rather, odor memory involves
perceptually urutarv episodes—one 1s remunded again of
those poruaved by Marcel Proust—descmbed 1 an
ihosyncratic texicon (Engen 1952). Because the odor 15
an integral part ot the episode, what 1s stored in memory
1> not interiered with or even torgoiten through fiequent
expenence with simular names or closely related sensory
wntormaton, such as seeing petites madelemes 1n the
baker's window every dav. This 1s also the reason that it
is dufficult to use other people’s descnphons 1n ‘naming
odors {(Engen and Ross 1973), to remember such uorda
when the_\ are the correct answers on a test ot odor
perception {(Sumner 1902}, or to leam new names for
odors (Davis 1977, Cain 1930)

Finally, there is a difterence between odor and color
in the direction ot associahon between a name and a
simulus Once one has presented a color chip and had a
subject name 1it, the subject can conjure up a mental
image ot the cclor or the chip when the name s
subsequentiy presented (Dorcus 1932) But in odor per-
ception there is no such reciproaty: while perception ot
an odor mav elicit an associated name, such a name
cannot be used later to bnng back the original odor
perception. Odor memory s largely limited to recogni-
ton. as when a shmulus, a pente madelene soaked in
tea, produces the odor and the past epbode in which it
was hrst expenenced. One does nut retrieve an vdor
episode with words, but with odor The strength of the
associatton is weak trom odor to name and nearly zero
trom name to odor Cawn (1980) puints out that manufac-

turers of synthetic flavors benefit from thus, because one
15 likely to perceive the odor of a product as matchirig its
label, tor example, strawberry, even though it1s in fact a
poor approximation of the real thing. Being provided
with the name also resolves ary tip-ot-the-nose state.
Having names available before an odor 15 smelled

changes the perceptual problem and the namung proc-
ess.

The effect of names

To eluadate further the effect of names, we designed a
multiple-choice test using the same 13 scratch-and-sruff
odorants gwen above. Four alternative names were
provided for each odor that would be read before the
subject scratched and sniffed One was the comrect name,
and the other three were fous. [t was the nature of these
ncorrect alternahve responses that was the tocus of our
expenment. There were two different sets, each used for
a cifterent group of subjects. One set, selected from a
standard odor test (Doty et al 1984), represented guite
duiferent thungs from the target odor, whle the other set
referred to simuilar objects. For example, for the odor ot
grape the set with the diverse chowes provided the
incorrect alternative answers pizza, turpentine, and
clove, while the alternatives for the categonzed set were
melon, plum, and sttawberrv. All the correct names and
alternative responses are presented in Table 4 It is
unportant t0 note that the odors represented bv the
categonzed set are highlv discnmunable and not at all
likely to be confused in direct compansons

A pool of 67 subjects, different from those who
participated 1n the experiments alreadyv described. was

Table 4  Allernatives in a2 multiple-choice test (correci
name in ttalics)

Diverse alternatives

a pizza o turpentne c. grane C clove

2 lcorice b clove c chth ¢ banara

a root bear b smoke c banana ¢ watarmelon
a iomato b hcornice ¢ sirawgerry ¢ mentrol

a gasoline b pizza c Deanut ¢ Idac

a cedar b gasohne ¢ lemen ¢ root beer

a 5o0ap v licorice ¢ black osooer € peanut

& musk b garhg c turpering ¢ bz

a2 hme b rose c ming ¢ bucb.e gum
a cola b ciwnarcon ¢ pine ¢ cocori:

& Smoke b whiskay ¢ pmneznc's C onigr

& soap B frnt punch ¢ mantho. ¢ pumpx© Z.2
a2 pumokin pie b dieset c fose £ lemor
Catagonzed alternatves

& melon b plum ¢ grape o, strawserry
a pear b appte ¢ pingazals C danara

a charcoal b smoke C gas ¢ kerosene
a peppermit b clove ¢ pine g menirot

a gasohne b. motor ol ¢ luiperire o pant tunaer
a crapetrmt b orange ¢. lemon ¢ hme

a chocolate b heorice ¢ peoparrwnt ¢ caramel -
a. musk b bath ol ¢ hana loton  d hoskcX

a. llac b. rose ¢. Nty ¢ carnafen

a cedar b. furniture polish  ¢. ping ¢ turpenune
a garhc b green pepper ¢ leek g omon

a seap b deodorant ¢ hang lonon 0 (ooihpaste
a motor od b dessi ¢ gas d keroséne
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Figure 3. Because Lhe associatron between odors and names is
inherently weak and pliable, recognitien of odors can easily be
influenced when various verbal alternatives are presenied to
accompany the odors. This graph shows the mean percentages of
two groups of subjects making errors in a multiple~hoice fest
requiring them to select one of four names for each of 13 odors (see
Table 41. The cdorants were microencapsulated substances. The
black bars show the percentages of subjects making an error when
the chouces represented diverse substances, for example, pizza,
turpentine, grape, and clove, when grape is the correct answer. The
gray bars show comparable results when the choices represented 2
category of similar substances, for example melon, plum, grape, and
strawberry, when grape is the correct response, The poorer accuracy
in the latter case appears to be proportional to the similarity of the
odors represented by the incorrect alternatives and the target. The
subjects managed as a group to identfy without error only liconce
{with both diverse and categorized alternatives) and diesel {(with
diverse alternatives).

divided at random into two groups. One group of 34
received an answer sheet with the correct names and the
diverse set of aiternatives, and ancther group of 33
recerved an answer sheet that contained the correct
names and the categorized alternatwves. The order of
presentanion of the 13 odors and the letter of the correct
answer were the same for both groups. The group being
tested with the diverse alternatives obtained a mean
score of 93.3% correct answers, or 12.2 of the 13 odors,
with a standard deviation of 1.1. By contrast, the group
with the categonzed alternatives scored only slightly
over X% correct with a mean of 6.6 for the 13 odors and
a standard deviaton of 2.2. This is a highly sigmficant
cufference.

Clearly, the kind of names avalable presents an
important problem (Rabin and Cain 1984). It is possible
that a person may be tncked and describe onion as garlic
because he has a verbal set of “garlic” provided by the
foil without actually perceiving the odor as garlic. Reso-
lution of this complex problem requires more than 'the
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present data, but one 15 inclined to the hypothess that
f)he results reflect perceptual effects rather than response
ias. .

The performance varied for the different odors, ac
can be seen in Figure 3, which shows the percentage ot
subjects who misidentified each odor in the two sets For
all except licorice, the percentages of error are higher for
the group presented with the categorized alternatives.
Some choices for the categorized set altered the perform-
ance more than did others. For example, in the case of
onion the fol “garlic” was chosen by most of the
subjects. Although familianty and other factors are in-
volved, the nature of the foils is the mawn explanaton of
the difference in results between the two sets. Onion and

garlic are easily discrimuinated when compared side by -

side, but the problem here is that they also are simiar.
For the other odors the errors are distnbuted more
evenly acoss the alternatives. In the case of diesel odor,
for example, the percentages of errors for the categorzed
alternatives “motor oil,” *‘gas,” and “kerosene” are
nearly equal. In general, the difference in the periorm-
ance under the two conditions shown by the bars in
Figure 3 reflects how well the misnomers were selected
in terms of collocation. The categonized alternatives for
bananaz, pine, and soap are not as adequate in this regard
as those for diesel, gasoline, and onion.

The functon of smell

The research results that [ have surveved lead us to
conclude that the association between odors and the-
verbal descriptions is gererally weak. An average persc
can idenbfy only a smiall number of odors by verbal
label, about half a dozen common ones, which is a level
of ability far below that attained by the same person
discniminating between odors presented side by side

Psychophysical attnbutes of the stimuli and mdivid-
ual differences affect the results, but not substantally
However, one factor which stands out is the dominance
of available names. Once a subject has an expectation of
what the name of an odor might be, that name will
largely control the sensation, which will be perceived as
fiting the name. By contrast, the presentation of an odor
before a name is available does not have a similar effect
on the choice of names. In fact, the unavailability of a
verbal response often leaves one in the tip-of-the-nose
state, unable to recall a name even though the cdor 1s
farruliar. That is, the associative strength of an odor-
name parr 15 weak and asvmmetric and is easily wnilu-
enced by the verbal factor.

Analysis of the kinds of verbal responses obtained
in free recall tests reveals that the responses are quite
different from those used in describing and classifiing
colors. In general, odor percephon is not organzed
lexdcally by nouns but around the similantv of objects
causing odors and espedally the contexts in whuch odors
usually occur. A corollary is that they tend to be de-
scribed in terms of personal references rather than by
more general names like those proposed by tradibonal
classification systems. Such references are sumular to t
words of a young child who might descnbe object
functionally—for example, an orange as “something {0
eat"—when an adult would use a more abstract term
such as “atrus fruit.”




The salient aspect of the sense of smell is the
persistence of memories of episodes assodated with
odor. Such memories are retrieved with odor stimuli, as
when one recogruzes a famniliar odor, but not with the
cdor name alone in the absence of stimulation. There is
no pure recall of odor perceptions using a name as a
paired associate. The reason 1s the nherently weak
assocation between the odor and the name, which in
turn reflects the fact that the odor name is not an
important part of the episcde. The main function cf the
sense of smell, then, is not to recall odors for cognibve
reasons but to respond to odors actually encountered.

References

Brown, R W, and D McNel 1966 The “Hp of the tongue”
phenomenon [ Verlal Learrung Verbal Beh. 5-325-37.

Can, W. 5 1979 To know wath the nose. Saence 203.467-70.

——— 1980 Chemosensahon and cogrution In Olfaction and Taste, ed
H. van der Starre, vol 7, pp. 347-38 London L Press

1982. Odor denizfication by males and females Precictions vs.

performance. Chem Senses 7:129-42.

Cain, W 5, and R | Krause 1979 Olfactory testung: Rules for odor
wdentificabon Neurological Res 1.1-9

Chafe, W. L 1970 Meamng and the Structure of Language Univ. Chicago
Press

Dawvis, R G 1977 Acqusihon and retention of verbal assocabons to
olfactory and abstract visual samuli of varvwing symulanty. | Exp
Psuchkol . Human Learmng and Memony 3 37-51.

Desor, ] A, and G X Beauchamp. 1974 The human capaaty to
transmit olfactory information. Perception and Psychophustes 16:351-36

Dorcus, R M. 1932 Habitual word associztion to colors as possible
factor in advernsing f App Pswchol 16.277-87

Doty, R L., S. Appiebaum, H Zusho, and R G Settle 1985. Sex
differences 1t odor idennfication abihitys A cross-cultural analysis
Neuropsuchologin 23 667-72.

Porv, R L, P. Shaman. and M Dann 1984 Development of the
Unnersity of Pennsylvania Smell Identfication Test A standardized

rucroencapsulated test of olfactory function Phusiol Ber 32 459-
302

Engen, T. 1982. Perception of Odors. Academuc Press -

Engen, T., J. E. Kuisma, and P. D, Eimas. 1973 Shor:-term mémorv ot
odors [. Exp Psychol. 99222-25, -

Engen. T., and C Pfafmann 1960. Absolute judgments of odor
quality. | Exp. Psychel 59.23-26.

Engen. T., and B. M. Ross. 1973 Long-term mesmory of odors with and
without verbal descripbons. [. Exp Psuchol 100:221-27

Enksen, C. W, and H. W Hake 1955 Multidmensional stmulus
differences and accuracy of discnumunaron | Exp. Psuchol. 30 153-60.

Gesteland, R C. 1986 Speculanons on receptor cells as analvzers and
filters. Experienti 42:287-91
Halliday, M. A. K., and R. Hasan 1978 Cohesion i Engitsh. Longman

Hevwood, A, and H A Vortriede 1905 Some experiments on the
assodative power of smells Am | Psychol 163374

- Hyde, } S. 1981. How large are cogninve gender difterences” A meta-

analysis using w and d. Am. Psycrol 36 392-501

Jones, F N 1968 Information content of oliactory qualiy In Theoraes of
Odors and Odor Measurement, ed. N Tanyolac. pp 13346 Bebex
Turkey. Robert Coli Res Center

Lawless, H., and T. Engen. 1977 Associations to odors [nterierence.
mnemonics, and verbal labebng | £rp Psuchol -Humar Leamng ara
Memgry 3.52-39

dMaw, R. G., ]. A. Bouffard, T. Engen. and T H Morton. 1975

Olfactory sensitivity dunng the menstrual cvcle. Serov Provesses
2:90-98.

Miller, G. A 1953 What 1s information measurement? Am Psuchel
&:3-11.

1969 The organzanon of lexcal memon: Are word associa-
wons suffiqent? in The Pathology of Menory, ed G A Talland and N
C Waugh, pp 223-36 Adadenuc Press

Mdler, G. A, and P. N. Johnson-Lawrd 1976 Language and Perception
Harvard Uruv Press

Posner, M 1. 1969. Representational syvsiems for stonng informanor
memory. In The Pathelogy of Memory. ed G. A Tailand and N. C
Waugh, pp. 173-95 Adadermuc Press

Rabin. M D, and W. 5. Cain 1954 Odor recogmtion Famdianwy
dentfiabity, and encoding consistency. [ Exp Peuchol  Learies
Memory, and Cognition 10.316-25

Sumner, D. 1962 On testing the sense of smell Lancet 2 893-97

— ~
ﬁ[lrr\l TR PSYCHOLOGY MUSEUM |

———

\DerResSion)| /4
, ’ ¥/ !
sl

) Fewss)  [angery|

l =
»




LABORATQORIO No. 1
PARTE B
IDENTIFICACION DE SABORES BASICOS

Obijetivo:

Identificar el sabor basico dominante presente en cada una de
las soluciones que se proveeran.

Procedimiento:

Diversas concentraciones de sustancias representandc los
sabores basicos han sido preparadas para que usted las examine.
Las concentraciones usadas son las siguientes:

Dulce -  sucrosa 1.0% w/v (2.5 g/250 mi)
Salado - cloruro de

sodio 0.2% wlv (0.5 g/250 mi)
Acido - &cido citrico  0.04% w/v {0.1 g/250 ml)
Amargo - cafeina 0.05% w/v (0.125 ¢/250 ml)




LABORATORIO No. 1
PARTE B

.PERCEPCION DE SABORES BASICOS

Nombre:

Fecha:

Reconocimiento de sabores basicos

Pruebe, en orden descendente, cada una de las soluciones en el orden
indicado en la boleta. Las soluciones pueden tener un gusto dulce, dcido,
salado o0 amargo. Entre las scluciones con sabores bésicos puede haber
una o mas muestras que tienen solamente agua. ldentifique el sabor de
la solucién de cada uno de los vasos codificados. Enjuaguese la boca
con agua antes de degustar y también entre una muestra y otra. Para
aciarar la boca se proporcionan también galletas.

Codigo Sabor
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Chapter 5

CHEMICAL SENSATION: TASTE

"Linda M. Bartoshuk

TASTE ANATOMY

Four kinds of projections, or papillie,
can he identified en the human tongue.
The filiform papillae, which contain no
taste buds, give the tongue its rough,
filelike appearance, The fungiform papil-
lae, shaped like button mushreoms, ap-
peat primarily on the tip of the tongue and
along the edges of the fiont of the tongue.
Taste buds are buried in the surface epi-
thehium of these papillae. The foliate pa-
pillue consist of aset of 3 to 8 parallel folds
on the rear edges of the tongue, with taste
huds buiied in the sides. of the folds.
The circumvallate papillue, nine to ten in
nutnher, are shaped like flat mounds sur-
tounded by a trench; they foun an in-
verted V on the rear of the tongue. Taste
huds {ie in the sides of the papillae and in
the wall of the surrounding tiench. Hu-
mans between 20 and 70 years ofage have
abaut 230 taste buds in eazh eircumvallate
papilla and atotal ofabout 1300 taste buds
in the foliate papillae.! A humun fungi-
formn papilla can contain up to 8 taste
buds.?

Taste buds we also found in the soft pal-
ate (the soft part of the roof of the mouthy),
the phanyny (thioat), luynx, esophugus,
and epiglotlis (which closes off the Lurynx
to prevenl the ontrance of food and Mads
during swallowing) '

Taste buds sue globula clasters of cells
ananged something like the segiments of
an omnge, The taste budais suriounded by
skin cells that appeat to be the somice for
new tuste cells, When the newly dividing
epithelial vells of the 1at taste bud were
wadioactivels labeled, daughter cells were
found tn move into the taste bod at the vate
of 1 every 10 hiours. Examination at var-
ious intervals of time showed that cells
within the taste bud had a life span of
about W da < During its bife evele, a cell
moves fiom the edge to the center of the
taste bud. Smice the nerve fibeis do not
move, the receptor cells me presumably
innervated by differeut nernve hibers as
they change location. This poses a prob-
Jem for stable quality peresption.

MLamuralion and Osh taste buds require
mtact wnervation, for af the peripheral
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taste nerve is cut or crushed, the taste
buds will degenerate. As the nerve fibeis
regeneiate, taste huds will reappeaur.

The sheep has been used to study the
early development of the taste hud.? In
sheep, as in humans, taste buds develop
in utero. The euarly taste buds in sheep,
called presumptive taste buds, have a
nerve supply when they appear at abont
49 days, with oue presumptive taste hud
per papilla. Later, a papilla may contain
two taste buds, and by bairth (about 147
days}). 3 to 4 buds. Single fiber responses
from the chorda tvimpani of fetuses aged
from 109 days to tesm were similar to
those of lambs and «wlult sheep That is, as
early as 5 weeks before buth, the 1e-
sponses appeared similar to those of the
aclult,

The early development ol taste buds
suggests that the fetus may taste sub-
stances i amniotic fTuid. This is espe-
ctally impartant fou the evaluation of the
elfects of ewly experience on taste prelor-
ences. At birth, an organism already may
have had a considerable amount of taste
experience.?

Taste nerve fibers branch before form-
ing synapses with receptor cells, The re-
ceptor cells, mnervated by a single fiber,
can even he in separate taste buds.

Taste information is transmitted via
three nerves: the chorda tympani (part of
the facila or VIIth cianial nerve), the glas-
sopharyngeal (IXth cranial nerve}, und the
vagus (Xth crantal nerve). The chorda
tympani nerve innervates the fungifoim
papillae, and the glossopharyngeal neive
imnervates the foliate and circumvallate
papillae. The innervation of the taste huds
found on other oral structuies is not as
well estabhished. Taste buds on the soft
paldte are innervated primarily by the
greater superficial petrosal nerve {which
is a branch of the fucial nerve), although
the glossopharyngeal and vagus nerves
may also play a role.’ Taste buds on the
laryngeal suiface of the epiglotus are in-
nervated by the superior laryngeal nerve

Functional (eal Brofogy

(which s bl of the vagus nerve).
These receptons iave been inplicated in
the cham ol events Teading o sudden
infant death syndiome

The thice nerves mediating taste pio-
ject ipsilateradly to the solitary nucleus of
the medullia. Athough the weas to which
thes project overlap to seme extent, the
chorda v mpani (Ganiad nerve VI ternt-
nate~iathe ~tab el ol the naclens, the
vagns (cnmial ners e X} the cawdal end,
and the glossopharyneeal {(cranial neive
IXY i amanea hetween these two®

A taste 1elay n the pontine wea of the
it receives ipsilateral projections fiom
hath sostind and caudal locations in the
subtbany nucleus This saguestes the inter-
exting possilahity that o paticula pontine
newon amay jeceise mpus rom two difs
ftrent tongue aeas” Some pontine neu-
ooy project to the dorsad thalamus, but
others project thiongh the substantia inon-
inata o the contral nuclens of the amve-
b, w e that g e Dnportaast fon
the revulation ol feedmye and diinking™
Newons of a thod @oup project to both
T Ven hittle s kuowa about the
possihility of similar pontine projections
in other species

ATETN

Taste 1y located near the tongue poition
of the somesthetic projections in the thala-
wus. The body suiface 15 represented
snnmitotopically i the somesthetic sys-
tens, with the tongue sit the exticme wnie-
tion endd; the thadamic taste smenis located
uew the tip of the thalamic tongue area.”
The thalaniic taste areareceives bilateral
projeettons from the pontne taste ared 11
the rat”

Two corticaliucas tesponsive to electo-
cal stimudation of the chorda tv mpani aned
glos spharyngeal nenves have been iden-
tiliew 1 the squinel monkev.® One of
these is 1a the tangue poition of the sa-
matotopic projection o the body sinlice
fiosomabie sensory wea I Spatwad locabiza-
tion on the tongue s mantaned 1y thes
atca The second arey, located just rostral
to the fust, is 1in the antenor operculia-
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trous NuCl substitute for people on low
sodium diets.

If anions meet the structural require-
ments for bitter or sweet (see below), then
this taste is added to the taste of the
cations. For exuple, sodium benzonte is
salty, sweet, and bitter because the so-
dium ion is salty and the benzoate ion is
sweet and bitter

Salt Substitutes. Since the salty taste is
produced by the positively charged cation
in a salt, we look for substitutes amonyg the
nonsodium cations that are unlikely to he
toxicand thatare similarto sodium in size
The 1ons most similar to sodium are lith-
iunt avd petassinim Lithiwm chloride can-
not be used as a salt substitute because 1t
is toxie. This leaves potassium chloiide,
which is the major inuredient in currently
muarketed salt substitutes. The bitter taste
of KCl makes it unacceptable to many.
However, the amount of bitterness pei-
ceived varies among individuals (see the
discussion, below, on PTC sensitivity).

Sweet

Sweetness i« produced by molecules
with various stiuctines. The fumiliar com-
pounds include sugwms, sugar aleohols,
amino acids (D forms are usually sweet),
and assoited organic compounds, includ-
ing those either in use ot of interest
as artificial sweeteneis {e.g., sacchinin,
cvclamate, neohesperidine dihvcdiochal-
cones, and aspartame)}. In addition, salts
may taste sweet as well as salty. Lead and
bervllium salts we dramatic examples;
manv salts, including NaCl, are sweet at
low concentrations.

Desptte the apparent chversity, there is
a chemical structiie common to these
compounds Shallenberger and Aciee"
noted that sweet molecules contain what
they called an AH, B system. A and B,
separated by 3 A, are poitions of the mole-
cule eapable of forming hydrogen honds.
The A portton shares its hydiogen atom
with the receptor membrane, while the

Funetional Oral Biology

membrane shares a hydrogen atom with
B. A third portion, (y), added by Kier and
Shallenberger, makes the sweet unit a
triangle. Figure 5-2 shows the sweet tri-

angle in D-glucose.

Theae are issues vet to be resolved. For
example, some molecules contain more
thun one potential site for the triangle;
thercline, the aetual souice of sweetness
is not clear.

Bitter

Like sweetness, bitterness is produced
by some inorganic and o variety of organic
compotnuds. Although there is no single
chemical stiucture associnted with bitter,
some generalizations concerning chemi-
cal shiueture and bitterness do exist. The
alkaloids found naturally in plants (e g,
eafleine, nicotine, solnine, cocaine, and
stivehnine) are generally bitter. The tox-
oty ol these substances has been cited as
i possible epvitonmental pressure that
may have promoled the evolution of the
aversion to bittemess found in so many
species.,

Glveosides, delived [rom certain sug-
ars, aie also found io plants.!! Some of the
gl cosides have heen studied in detail to
delermine the eflects of substitutions at
vatious sites on the molecules.” These
stclies we verv impoitant to the develop-
ment of any comprehensive themy of bit-
tewness. However, they have also had a
more practical mmpact. Certun substitu-
tions produce compounds that can produce
stiont sweet tastes at low concentrations,
¢ 1., neohesperidme and naringin diby-
drochalcone. These compounds may be
uselul as nonnutritive sweeteners

Another group of organic compounds
fonud in plants, diterpenes, has also been
amalszed for structure-bitterness  rela-
tons.” An AL B svstem somilar to that of
Shallenberger was sugrgested as the com-
mon link. However, in this case the AH
and B e sepaiated by 1.5 A mstead of
3 A, which produces an inttamolecular
hyidiogen bond between AH and B.
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A variety of additional structure-bitter-
riess - generalizations-chaveobeen wsuu-

'fx gested.™ It is still too early to tell whether
*any or all of these can be related, How-_
- ever, no synthesis ‘\ppearx likely to ocenr
- SO0, “ A

Taste Blindness to the Bllteme“ uF
PTC. PTC (phenyithiocurhamide or phen-
ylthiourea)and other compounds contain-

. ing the 1-N-C=§ grouping are of special

interest because sensitivity to their bitter
taste is genetically mediated by a single
mendelian dominant gene. An indivicdual
with two recessive genes in liis genotype
has a high tolerance threshold (and low
sensitivity) to PTC bitterness, leading to
the classification nontuster or taste Dlind,
while an individual with one or both

dominant genes in his genotype has a low’

tolerance threshold {and high sensitivity)
to PTC hitterness, leading to the classifi-
cation taster. Saliva is often related to
PTC tasting because a very early study™
seemed to show that a taster had to have
his saliva present in order to taste PTC.
This is not supported by modem data.®

The exact requirements for the molecu-
lar grouping respousible for the taste of
PTC have been questioned?** since
molecules that do not contain exactly the
H-N-C=8§ grouping, e.g., anetholtrithione
and caffeine, have been found to produce
a bimodal threshold distribution that is
essentiutly the PTC distribution® Of
even more practical-interest is the relation
hetween PTC status and the bitteiness of
saccharin. Tasters of PTC tendto perceive
wmore bitterness in sacchwin than non-
tasters do at concentrations of saccharin
used in low calorie foods and beverages !
Similarly, tasters of PTC tend to peiceive
more bitterness in potassium chloride and
in sodium and potassium benzoate.™

Adaptation
Self-Adaptation

Adaptation iefers to the diminished
sensitivity that results from prolonged

Tuste

D-GLUCOSE

Fie. 5-2.  p-Glucose inthe “chair™ conforma-
tion. The ALL B, y trinngle that forms the sweet
unit in Shallenberger's theory is indicated.

taste stimulation. Adapbition to saliva
provides a good example of the complete-
ness of adaptation in taste. Saliva contains
enouuth NaCl to taste salty, yet most indi-
viduals do not notice a chronic salty taste
in theic mouths. This is because we are
aclaptec to the NaCl in saliva. If saliva is
removed with a thorough water rinse, the
concentration of NaCl in saliva can be
tasted.

Taste adaptation tends to be complete
{i.e., senvsation disappears) to moderate in-
tensities of sour, sweet, and bitter stimuli
uncler laboratory conditions that keep
steiation truly constant, Under normal
eating conditions, adaptation does not oc-
cur hecause the cancentrations of the taste
stimnli keep varying as foods and bever-
ages are moved in the mouth and dilated
with s.aliva,

Adaptation to the NaCl in saliva has
mmpaoitant elinical consequences. An in-
dividual ean ounly taste NaCl when its
concentiation is higher than the Na* con-
cenbation in saliva. Figure 5-3 shows an
example of this. The data were obtained
with the method of magnitude estimation
{discussed below) The saltiness of NaCl
is shown under three adaptation condi-
trons: tongue 1insed with water to remove
saliva, tongue adapted to resting saliva,
antl tongue adapted to the saliva produced
by vigmous chewing. Chewing causes an
incease in saliviny flow rate. Sice the
sodium content of saliva incleases with
flow 1ate, chewing incieases the salivary
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Fig. 5-3. Saltiness of NaC! (=1 5.E.) when
tiie tongue is rinsed with water {fop panel),
when the tongue is adapted to resting saliva
{middle panel, salivary Na indicated by arrow),
and when the tongue is adapted to stimulated
saliva (hottom panel), (From Bartoshuk, L.M.:
The psychophysics oftaste. Am. ]J. Clin. Nulr,,
31:1068, 1978." By pennissiou of American So-
ciety for Clinical Nutrition, © Am. J. Clin.
Nutr.}

sodium concentiation. Note that the efi ccts
of adaptation are greatest at concentrations
just above the adapting concentration.

Cross-Adaptation

If adaptation to one substance de-
creases sensitivity to another substance,
we say thatcross-adaptation has vccurred.

McBurney and his colleagues®™™** have
studied cross-adaptation within groups-of
substances that share a taste quality. Their
results produced remarkably simple gen-
eralizations based on perceived tuste
quality. Salty substances cross-adapt. Sim-
ilarly, sour substances cross-adapt. The

erosseadapt, bhut a number of substances
are still untested, Certain bitter stimuli
show no cross-adaptation, but others do
crons-aclapt,

MeBurney’s results. show impresive
wneement with the chenustar of the taste
aquahities. That is, the tastes thut cross-
adapt are believed to have the same re-
ceptor mecnanising. A common eheneal
chanacteristic has been proposec! for salti-
ness (i.e., the chaige on the cation), and
eross-adaptation does oceur. Similarly,
soar substances have hydrogen jons in
common and erass-adapt. For bitter
subistances, a viriety of chemical chafac-
teristics have heen proposed, and cross-
adaptation clearly fails for certain bitters.
For sweet substances, a common chemi-
el characterstic has been propasad, and
cl'us--:idzq)tntmn gceurs  amony  many
sweet substances, but the possibility re-
muting that sweet {like bitter) may piove to
be heterogeneous. .

Cross-adaptation does not generally ac-
cur aweross substances of different taste
aqualihes® This is additional suppmt for
the idea that the taste qualitiex a1e med-
ated by different receptor mechanisms.

The Taste of Water

We now know that a long-standing con-
troversy over the "intinsic” taste of water
is related to adaptation. Water was ini-
tially consicered to be o tasteless solvent,
hut by the 19th. century several authors
lud eapressed doubts about the tasteless-
ness of distitled water. Ohrwalt™ and
Henle™ argued that distilled water 1s flat
rather than tasteless. Several investiva-
ts ¥ M repoited individual subjects who
found that distilled water tasted bitter. I
1914, Brov n ¥ recorded evaluations of tie
taste of water from HQ subjects; he cou-
cluded that “The upshot of all these ob-
se1vations seems to be that water 15 not
tasteless (in the broader sense of the word:,
that it tastes more like bitter than anyiinng
else, and thut its taste can be neutrabzed
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by salt.... Furthermore, theie is evidence
that some of the weakest solutions of salt
in water give a substance which is us
nearly tastéless as any which can be pro-
duced” (pp. 253, 254}* Brown's com-
ments proved prophetic. The amount of
salt he recommended adding to “remove”
the Dlitter taste of water brucketed the
normal concentration of NaCl in suliva,
the colution to which cne 15 normally
adapted.

As it turns out, the taste of water varies,
depending on what precedes it an the
tongue. Under normal circumstances, sa-
liva hathes the tongue. Figure 5-4 shows
that adaptation to saliva makes waler taste
bitter and sonr. These results can be du-
plicated with pure NaCl as the adupting
solution insteacl of suliva™ Thus the NaCl
in saliva is viewed as the probable source

of the apparent “intrinsic” taste of clis-’

tilled water. This phenomenon can be-
come particularly immportant in ciseases
that alter salivary electrolytes.

Figure 5-5 shows another water taste:
the sweet taste of water following adapta-
tion to various concentrations of the potas-
sium salts of chlorogenic acid and cynarin,
substances found in the globe artichoke.
The sweetness of sucrose is shown on the
same function for purposes of comparison.
This effect is particularly interesting he-
cause not all individuals are gqually sen-
sitive to it

In summary, all four basie taste qualities
can be produced with a water stimulus by

[1+}
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Intensity
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adapting to appropriate substances, but
the most common water taste is sweet.”

Mixtures

When twa lights of different colors are
mived, the resulting color is qualitatively
distinet lrom the companents and Falls be-
tween them an the eolor cirele. Forexam-
ni- aed dight mived with seliow light
fuses mto orange.

When substances with ditferent tastes
are mived, their tute qualities do not fuse
but tather can usuxlly be recognized. The
intensitios of the component tastes are of-
ten deciensed (mishire suppression} and
occanionally imay even incicase {enbance-
ment or synergism). These intermctions
play an impotant role in the use of condi-
ments or favoring immedients in foods.
For eaample, the addition of salt to food
not only adds o salty stz butalso changes
the peteeived intensities of othar tastes in
the fouod,

There have heen many attewnprs to for-
mulate rigorous rules for misture interac-
tions, but none of these efforts have been
completely suceessful. One renson for this
is that mixture interactions might octw
both in the stimulus itself G chemical
interactions among components) and at
different tevels of the nervous
syste -2

Clintcally, misture interactions are im-
partant for patients who have differential
taste guality losses. The tastes that are no

om
HOH (o]} 1
ACAPT SALMUARY
Fys awp C1°
Molar Concentrotion HacCl -

Fig. 5-4. Tastes of NaCland water when the tonizue is adapted to water (left panel) and when

the tongue is adapted to saliva (Hght panel).
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A comparison of the sweetness of sucrose with the sweetness of water following

acdlaptation to the potassium salts of eynarin and chiloorenic acid {constituents of glohe adi-
choke). The X an the sucrose {unction marks the sweetness of 2 teaspoons of sucrose in 6
ounces of water {0.106 AM). (Frem Bartoshuk, L.M., Lee, C.IL, and Searpeliino, R.: Sweet taste of
water induced by artichoke (Cynara senlymus). Science, 175.988, 19727 Copyviight 1972 by the
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longer perceived may fail to affect the re-
nuining tastes in the noymal manner. In
this way a loss that is actually very speafic
to one quality can change the intensities
of other qualities.

CLINICAL EVALUATION OF TASTE

Thresholds

Most clinical studies of taste function
have been done with thieshold measure-
ments, In its simplest form, the threshold
for a substance is that concentration that
can be tasted 50% of the time; unfortu-
nately, the actual procedures are anything
but simple to ecarry out correctly. In ad-
dition to these problems, thieshold meas-
utements have an even more serious
deficiency: they co not always mean what
they seem to mean.

Figure 5-6 shows data collected in our
laboratory on how the perceived intensity

of NaCl grows with concentmtion The
thiee giaphs reflect three ditferent experi-
ments. The lnnetions in the upperleftsec-
tion show that sodinm lauryl sulfate, the
detergent commonly used in toothpaste,
reduces the sultiness of NaCl by a ¢ n-
stunt perceutage acioss all concentrations.
The functions in the lower left section

show that adaptation to the sodium 1n sa-

liva has only wlocal etfect on the saltiness
of NaCl. The tongue bhecomes less sensi-
tive to the adapting concentration, and
higher concentrations show a diminishing
effect. The tunctions 1 the lower right
seetion show that radiation therapy (madi-
atipn upplicd to the head and neck region)
reduced sensitivity to NaCl in an unusual
wav, Thicshold 1emained noimal, but
hizher concentrations (those actually en-
conntercd m the 1eal world) were less
salty than novmal.

These thiee gaphs illustiate the folly of
attempting to exhapolate to real experi-
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Tig. 5-6. The before and after comparisons of the taste of NaCl were all made within individ-
uals. A, Saltiness of NaCl before and after administration of the detergent, sodium laury! sulfate
{data from DeSimone, J.A., Heck, G.L., and Bartoshuk, .M. Sudface active taste modifers: A
comparison of the physical and psychophysical properties of grmnemie acid and sodjum lauryl
sulfate. Chem. Senses.3:317, 1980%). B, Saltiness of NaCl hefore and after ndaptution to saliva.
C, Saltiness of NaCl hefore and alter radiation therapy {data are averages of first two and last
Lwo sessions, from Bartoshuk, L.M.: The psy chophysics of taste. Am. J. Clin. Nutr., 31:1068,
1978.% By permission of American Society for Clinical Nutrition, © Am. J. Clin. Nutr.).

ence from thresholds. Thresholds and the
perceived intensities of higher concentra-
tions need not be correlated because the
siopes of psychophysical functions can
vary.

Threshold measures can be of great
value, but they are of most use in labora-
tory investigations of taste. Clinical as-
sessments whose aim is to explamn
anomalous taste experiences need proze-
dures that produce a scale of peiceived
intensity.

Suprathreshold Scales

Psvchophysical functions, or plots of
perceived intensity veisus concentration,
can be obtained by sevetal methods. For
example, a 9-peint category scale is com-
monly used in food studies Subjects rate
intensity by assigning numbers fiom this
scale, e.g, Lis weakest and 9 is stiongest.
Category scales have one serious limita-

tion the numbers have only ordinal prop-
erties. That is, an 8 on such a seale cannot
be assumed to represent an intensity that
is necessarily bwice as strong as a <. Eight
15 simply more infense than 4.

Ratio methods avoid this difficulty. In
one of the most-popular of these methods,
magnitude estimation, suljects are asked
ty assign numbers that are proportional to
vercewed intensity. Thusf a certain con-
cenbation of suciose weve called 4, then
another concenbiation testing twice as
sweet would be called 8§

Taste functions generated with ths
method tend to be power functions of the
form. # = &, where ¢ perceved
intensisv, ¢ = concentiation, and 3+ aries,
depending an the stimulus and the way in
whichitis tastec, Ifwe take the loganthm
of both sides, we have log ff = B log &

This means that if we plot log & on the
x aws and log o on the v uxis, the function
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L. i . :
will be a straight line of slope B. (See
Figure 5-6 for examples of such plots.)
The slope of these functions provides a
very simple index of how perceived inten-
sity grows with concentration.
Psychophysical functions provide more
information than thresholds, but there are
important limitations to what can be in-

ferred fronn the fuactions, The mtes of

growth of the functions (i.e., the expo-
nents) can be compared across individ-
uals. Absolute intensities cannot be
compared. )

Information generated by thresholds
and psychophysical functions does not al-
low a direct compaiison of perceived in-
tensity across individuals. For example,
two individuals might have identical
thresholds and psychophysical functions
for quinine with identical slopes, but we
could still not conclude that a given con-
centration of quinine was equally bitter
to both.

In respouse to the need for a method
that can provide information about differ-
ences in absolute sensation magnitude
across individuals, Stevens and MarksY
have developed a new method—magni-
tude matching. In shait, the method re-
quires the subject to judge the sensation
magnitudes of stimuli fromn two or more
modalities that are presented within a sin-
gle test session. The subject judges all of
the sensations on a single, common scale
of sensation magnitude, without regard to
the modality. This method, used with
taste, allows us to express taste intensity
relative to another modality. For example,
suppose individual A judges a particular
sound to be twice as intense as a particular
NaCl solution, while individual B judges
the twao to e equal. Their experiences of
intensity cannot be identical for hoth
stimuli, Ifboth perceive the sound to have
the same intensity, then B perceives the
NaCl to be twice as strong as A does.
Altematively, if both perceive the taste to
Le the same, then A perceives the sound
to be twice as strony as B does. Although

~

. k cabae
we eannot know for sure which-answeris,, -

correct. we can make one answer more
and more reasenable by extending our
testing to additional madalities.

TASTE ALTERATIONS IN DISEASE

Taste disorders are of interest {or sev-
eral reasons. They disturly many individ-
vals et ene fead to u loss of ol
becuuse ol the loss «f an important source
of pleasure. Chinges in food and fluid
intake caused by taste changes might be
expected to have serious nutritional con-
sequences. Taste muty wlso have dingnos-
tic value or may at least provide some
clues conceming the nature of some un-
derlying discase.

“The taste problems that have been

deseribed can be divided roughly into
reports of seusory gain, sensory loss, dis-
torted tastes, and the presence of unpleas-
ant tastes. The discussion above on
normal  taste  function. provides some
guidelines concerning the inteipretation
of these problems.

Sensory Gain

A few studies actually supgest in-
creised taste sensitivity as o tesult of
diseuse. However, the validity of such ob-
servations has been questioned.

Childien with cystic fibrosis have been
1eported to show unusual taste sensttivity
to NaCl** However, other investignators
have been unable to replicate these
results, """

Addison’s  dliscase  {adrenal  insuffi-
cieney) has been reported to produce un-
usually low taste thiesholds.™3 Taste
sensitivity in individuals with Addison’s
chisense has not, to the best of my knowl-
edge, been re-examined since these early
results. However, the validity of the result
hus Leen challenged on logical grounds®
for the following 1easons. Henkin and eo-
workers®  have commented: At the
detection threshold, all of the test sub-
stances tasted bitter to the patients with
adrenal insufficiency” {p. 732). Water

B Ty p—
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{and dilute solutions) taste bitter if the
tongue is adupted to NuCl (see the section
above on the tste of water), Addison’s
disense raises the concentration ofsodium

" in saliva,* and the testing method em-

ployed in the early study did not include
rinses between stimuli, This suggests the
possibility that the patients with Ad-
dison’s disease, adapted to theiralmonmatl
saliva, were able to discriminate low con-
centrations of NaCl from waler bhecause
they tasted the water as unusually hitter.

Salivary sodium is also elevated in cys-
tic fibrosis. The low NaCl thresholds re-
ported in that disease may also have
actually been water taste thresholds.

The appetite loss often resulting from
cancer has been linkexd to a main in taste
sensitivity, DeWys and Walters™® re-
ported that some cancer patients have un-
usually high recognition thresholds for
the bitter taste of urea. They suggested
that increased bitter thresholds miglht
produce an aversion to meut because meat
containg small amounts of bitter sul»
stances. However, DeWys and Walters
apparently made a statistical error™ They
reported that 8 out of 50 cuncer patients
and 1 out of 23 controls had recognition
thresholds elow (.09 M uren. These dat
yield a chi square value of 1.03 and not
10.5 as stated in their article. The value
10.5 would have been statistically signifi-
cant, hut 1.05 is not.

In sunumaiy, there are no generally ac-
cepted cases in which taste function is
actually enhitneed us the resultof disease.

Sensory Loss

Sensory loss is clearly real, can have a
variety of causes, and can take a variety
of forms.

Several diseases have heen suggested
as causes for taste losses. For example,
although the repoit of increased sensitiv-
ity to urea in cancer patients was not valil,
reports of decreased sensitivity may be
valid. Difficulties mised by the study of
cancer patients illustrate another problem

that results from attempts to link taste

lusses to disease, The therapies rather
than the disease per se may be responsi-
hle for the sensory loss.

Racligtion of the head and neck for can-
cermovidesan example. Taste [unction is
wduced or evenabolished loHowing, radi-
alion to certrin areas. For many subjects
there is at least pastinl recoverv However,
the costrse of thut recovery is unusual. Fig-
ures 5-7 and 5-8 show threshold and
sealing data obtained from a woman un-
dergoing rdiztion therapy. Note that her

13-
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Fig. 5-7. Recognition threshokds {up-down,
furced choice) obtained from a 52-year-old
woman wudergoing radiation therapy for can-
cer uof the neck. The hlagk line on the abscissa
shows the time during which the patient was
recciving radiation therapy, (From Bartoshuk,
L.AL: The psychopha sics of taste. A, J. Clin..
Nuir..31: [OGS, [978.7 By permission of Ameri-
cun Sociely for Clinieal Nuuition, © Am. L.
Clin. Nutr.)
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Fig. 5-8. Psychophysical functivns for the patient whase theeshalds are shown in Fig. 5-7.
The arrows indicate lhe time at which the thresholds redurned to normal. The dieled points
indicate an atypical quality report (e.g., “hitter” for sucrose), (From Bartushuk, L.AL: The
psychophysics of tuste. Am. J. Clin. Nute, 711068, 1978 ™ By pernission of American Soeiety

for Clinical Nutrition, © An. J. Clin, Nulr)

thresholds had retumed to nonnal afie
approximately 2 months, but her supra-
threshold scales had not. They remained
flattened and although this woman cuuld
taste, she lived in u pastel taste world,
Mossman and Henkin® also observed this
pattern of loss.

Radiation effects were used earlier (see
Fig. 5-6) to illustrate how .perceived in-
tensities could be reduced even though
thresholds were nonmal. The fact that
thresholds are not infallible predictors of
real world taste experiences limits the
utility of studies of the effects of diseuse
on taste because virtually all these studies
used threshold measures. In addition,
many of the older studies used threshold
methodology that does not meet modem
standards.

One of the simplest causes of taste loss
is the severing of a nerve. The chordaty m-
pani taste nerve crosses the eardrumon its
way from the tongue to the brain. During
certain types of ear surgerv, the nerve may

he cut. The frant of the longue on the saine
side as the surgery hecomes insensitive to
taste. Interestingly enougl, the patient
maty hardly notice such a loss even if hoth
chorda tvmpani nerves are cut. Input from
the other taste neives, the glossopharyn-
geal and the vagus, still leaves the patient
with considerable tuste -function.

Bell's pulsy can produce a-taste loss be-
cause of damage to the facial nerve (the
chorda rmpani is a branch of the kacial
nerve).

Zine deficiency has been reported to
produce reductions in.taste function. But
the status of zine remains controversial, in
part because a single-blind study involv-
ing zinc administration produced taste
improvement while a double-blind study
fiiled to do s0.% Henkin and his col-
teagues concluded, “The results indicate
that treatment of unselected patients with
taste and smell disorders with zine sulfate
or placebo is effectively equivalent.”
However, as they also noted, there may
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still be individuals in whom zine defi-
ciency is related to taste loss. This aren
remains of great-interest to taste investiga-
tors and deserves further study.

Advancing age is often assumed to pro-
duce taste losses. However, this is bhased
on a series of threshold studivs. In fact, the
threshold elevations are relatively small
and in any case should not be used to
predict losses in perceived intensity at
higher econcentrations. More recent ex-
periments suggest that many healthy
eiderly peopie show no obvious tuste
losses, ™™ but there are definitely taste
osses in particularly elderly individuals.
The essential question is whetherage per
se produces loss or whether the elderly
have had maore time to encounter a disor-
der leading to taste loss. The answer re-
mains uncertain.

Smoking is often assumed to produce
taste losses. However, threshold studies
show essentially no taste differences be-
fure and after smoking. Sciling studlies are
needed to resolve this problem. A taste
loss like that shown by the radiation data
in Figure 5-8 could exist and he unde-
tected by the threshold studies.

Distorted Tastes

Patients sometimes report that certain
foods have abnormal tastes. This may re-
flect a differential loss of one or moie
gqualities. For example, ketchup could
taste unusually sour to an individual with
a recluced abdity to laste sweet, since it
conlitins 1elatively Lunge wmounts of sugar
that normally suppress the sour taste of
the acids.

Detergents can produce temponruy
taste clistortions Sodiunt lawyl sulfate, a
deterzent commenly used in toothpastes
aned mouthwashes, can reduce the ability
to taste sweet and add a bitter taste to
acrds.” This produces the well-known
“orange juice effect™: after brushing the
teeth, orange juice tastes bitter as well as
less sweet than usual.

Dysgeusia: The Presence of
Unpleasant Tastes

This symptam is probably the most dis-
tressing to patients with taste symptoms,
anc it is also the Jeast understoad. Al-
thougeh there have been attempts to relate
desgretsiato abuormalities of the taste re-
ceptor membrane, such symptoms could
have an entirely different origin. They
nay refiect the abnomiad presence in the
mouth of molecules with noxieus tastes.
There are several possible sources. Ex-
haled air may deposit molecules with
unpleasant tastes. Saliva can contain sub-
stanees with unpleasant tastes. In particu-
lar, some medieations may be present in
saliva. Another potential source of un-
plewsant tastes is erevienlar Muid, the Auid -~
in the wis near the teeth™ This fuid
v he expressed into the mouth, espe-
cially by chewing. This suggests that dys-
geusinnivht be treated by improving oral
health.

Once hnal sonree of noaious tastes is sug-
gested Dy reseurch on the venous taste
phenomenon Circulation tine was once
evaluated by injecting sacchaiin intrave-
nouslv 1t traveled to the mouth (thus giv-
ing a measure of cireulatinn efficiency)
and was then tasted. Elecliophysiologic
studlies suuprest that the sacchminis tasted
inthe hlood and does nothave to reach the
taste receptors on the tongue swibace The
possibility that disense states can intro-
duce tasteable substances into the bloed
or that clintea] tieatment {e.g., chemo-
theragyd mightdo soshoubld e evaluated.
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PRUEBA DE
EVALUACION DE DUREZA

A continuacidn se le presentan 9 productos con diferente grado de dureza. El #1 debe
ser el mds sueve y el #9 el més duro.

Sabiendo que dureza es definida como la fuerza necesaria para comprimir un alimento

entre las muelas o entre la lengua v el paladar, evalle cada una de las muestras y
comente si estd de acuerdo o no con la escala que se le dié.

Ponga la muestra entre los dientes molares y evalGe la fuerza necesaria para
comprimirio.

Valor en Producto Comentarios
Escala
1 Queso Crema
2 Clara de huevo
3 Queso Americano
4 Salchicha
5 Aceituna
6 Manfas
7 Zanahoria
8 Almendras Peladas
9 Confite/duro
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CLASSIFICATION OF T=ZXTURAL CHARACTERISTICS-:

MECHANICAL

Primary

Hardness
Cohesiveness

Viscosity
Springiness

Adhesiveness

CEQMETRICATL

Particle size and shape
Particle shape and orientation

OTHER
Moisture content
Fat content

Raf

Secondav

rracturability
Chewiness
Gumminess

Qiliness
Greasiness

-

. Szczasnizk 1963, J, Food Sci. 28,385-389.




_ Relations between textural properties and popular nomenclature-

Mechanical characreristics.

Primary parzameters Secandary parameters Popular terms N
Hardness Soft — Firm ~ Hard
Cohesiveness Brittleness Crumbly = Crunchy ~ Brittle
Chewiness Tender - Chewy-+Tough
Gumminess Shart = Mealy = Pasty -~ Gummy
Viscosity ) Thin— Viscous
Springiness Plastic— Elastic
Adhesiveness Sticky —Tacky—+Gaoey
Geormetrical characteristics
Class Exampies
Particie size and shape 'Gritty, Grainy, Coarse, eic.
Particle shape and orientation Fibrous, Cellular, Crystalline, atc.
Other characreristics -
Primary parameters Sécondary paraeters Popular terms
Moisture content Dry—Moist — Wet -~ Watery
Fat content Qilinsss Qily
G{casincss Greasy
Ref,

Szezesniak, 1963 J, Food Sci

TP I 3 2 A

28, 385-389,




S l
DEFINITIONS OF MECHANICAL TEXTURE TERMS l
ORIGINAL . MODIFIED SENSORY f
(physical/sensory) I
i
HARDNESS forze *o attain a given force to compress between .
deformation molar teeth, or between l
tongue and palate |
COHESIVENZESS strength of internal amount of deformation with
bonds . molars before rupture l
VISCOSITY rate of flow per unit force to draw liquid from
force spoon over tongue l
SPRINGINESS rate at which a deformed perceived degree and speed
material goes back to its of return to original height l
undeformed position upon after partial compression
force removal with molar teeth
ADHESIVENESS work to overcome attractive tongzue force to remove l
forces between food and material adhering to mouth ,
other surfaces I
FRACTURABILITY force with which the horizontal force with which.. '
material fractures the food moves away from '
the point of compressive,,
shattering forces :
CHEWINESS energy to disintegrate no, chews to masticate the
solid food to a state food at 1 chew/sec
ready for swallowing I
GUMMINESS energy to disintegrate denseness that persists
semi-solid food to a through mastication

state ready for swallowing

Ref. Szczesniak, 1963 J. Food Sei, 28, 38 5-389,
Civille ani Liska, 1975 J. Texture Studies 6, 19-31,

¥
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EVALUACION DE ADHESIVIDAD

A cantinuacién se le presentan 5 productos con diferente grado de adhesividad.

Lleve la muestra a Ia boca, presionela contra el paladar [con la lengua) y evalte la fuerza

necesaria para removerla del paladar. El #1 en la escala es el menos adhesivo, y el #
5 el m&s adhesivo.

s S

Valor en Escala Producto Comentarios ‘

1 Manteca Vegetal

2 Crema de Trigo !

3 Turrén de Angeles

4 Queso Crema

*La distancia entre puntos de la-escala puede no ser indéntica.

-
1
1
! .
-
1
i
- 5 Mantequilla de Manf
-
i
i
i
i
i
i

e x
.



PRUZZA DE UMBRALES DE PERCEPCION

Nombre No, Panelista Fecha

Usted recibiréd una serie de concentraciones de muestras de un tipo de
estimulo (duca, szlado, dcido o amargo). Las muestras estdn arregladas
en orden ascendente en concentracion.

Primero, enjuague su boca con el agua control, para familiarizarse con los
sabores. No trague lss muestras. Empiece la evaluacidén con [a primera
muestra a su izyuierca y continue con la siguiente hacia la derecha,
solamente pruebe cada muestra una vez. No pruebe las muestras
anteriores nuevamente.

Describa la sensacién percibida (dulce, salada, dcida o amarga). Ademés
evalde la intensidad de la sensacién utilizando la siguiente escala:

0= igual que el agua control

? = diferente del agua pero no puedo describirlo
1 = muy débil

2 = débil

3 = pronunciado (definitivo,.claro)

4 = fuerte

5

= muy fuerte




No. de muestra

Sensacion

Intensidad




Describa la sensacidn percibida {dulce, salada, dcida o amarga). Ademds
evalle la intensidad de la sensacidn utilizando la siguiente escala:

0= igual que el agua control

? = diferente del agua pero no puedo describirlo

1 = muy débil.

2 = débil

3 = pronunciado (definitivo, claro)

4 = fuerte )

b = muy fuerte

No. de muestra Sensacidn Intensidad

i
|
!




e

~
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Describa la sensacidén percibida (dulce, salada, dcida o amarga). Ademas
evalie la intensidad de la sensacidn utilizando la siguiente escala:

0

? =

1 = muy débil
2 = débil

3 =

4 = fuerte

5 = muy fuerte

No. de muestra

= igual que el agua control
diferente del agua pero no puedao describirlo

pronunciado (definitivo, claro)

Sensacion

Intensidad




[

Describa la sensacién percibida {dulce, salada, &cida o amarga). Ademds
evalle la intensidad de la sensacién utilizando la siguiente escala:

0= igual que el agua control

? = diferente def agua pero no puedo describirio

1 = muy débil

2 = débil

3 = pronunciado {definitivo, claro)

4 = fuerte

b = muy fuerte

No. de muestra Sensacion Intensidad
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Describa la sensacidn percibida (duice, salada, &cida o amarga)., Ademas
evalle la intensidad de la sensacién utilizando la siguiente escala:

0 = igual que el agua control

? = diferente del agua pero no puedo describirlo

1 = muy débil

2 = débil

3 = pronunciado (definitivo, claro)

4 = fuerte

b = © muy fuerte

No. de muestra Sensacion Intensidad




1 ‘ TABULACION DE RESULTADOS

Resultados de Prueba de Umbrales de

. “ PANELISTA Concentracion en g/100 ml. solucién
No.
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LABORATORIO No. 2

PRUEBAS DE DIFERENCIA

INTRCDUCCION

Las pruebas de diferencia se utilizan para evaluar si existe o no diferencia

entre 2 o mds productos, si esta puede ser detectada y si los evaluados son
capéaces de discriminar.

Los métodos que se utilizan en esta practica son los més utilizados en la

industria de alimentos.

DEFINICIONES

A.

Duo-Trio: en la prueba de duo-trio se presentan tres muestras, dos de
ellas sonidénticas. Dos muestras se codifican con nimeros aleatorios de
3 digitos, una muestra se codifica como referencia. Una de las muestras
codificadas es idéntica a la referencia. El objeto de la prueba es indicar
cudl es la muestra diferente de la referencia, Silas muestras scn Ay B
el siguiente orden de muestras es posible:

R{A)AB R(BIAB
R{A)BA R(B}BA

Trdngulo: enla prueba de tridngulo, tres muestras son presentadas, dos
de ellas son idénticas. Las tres muestras estdn codificadas con nimeros
aleatorios de 3 digitos. El objeto es seleccionar la muestra gue en el
grupo de tres es diferente de las dos rastantes. Silas muestras son Ay
B, las siguientes variaciones en ordenamiento son posibles:

AAB BBA
ABA BAB .
BAA ABB

Prueba de comparacién multiple: enlas pruebas de comparacién multiple,
una referencia o estandard identificada con "R", es presentaca a los
penalistas con varias muestras codificadas. La tarea del panelisia es
comparar cada una de las muestras codificadas contra la referencia para
determinar si existen diferencias. Esta prueba puede ser utilizada muy
eficientemente para evaluar 4 6 5 muestras al mismo tiempo. Pequefias
diferencias entre las muestras pueden ser detectadas, ademds nos da
informacion sobre la direccién y magnitud de la diferencia.

o e B rr— Bt §




PROCEDIMIENTO

Los participantes serdn divididos en 4 grupos de 5 personas cada uno. Cada
uno de los 4 grupos seré asignado a un area de la cocina y se le indicaré que prepare
las muestras y prepare la prueba (codificacién de vasos, boletas, servir muestras)
utilizando uno de ios 3 métodos anteriores. Cada grupo deberd preparar muestras
para todos los participantes (20).

Area 1 - Duo-trio comparando

Area 2 - Prueba de trién'gu!o comparandag

Area 3 - Comparacion miltiple comparando

Cada estudiante evaluara 2 sets de muestras para cada prugba. Las boletas a
utilizarse se han adjuntado. Ponga un orden aleatorio al servir las muesiras.

Anotar los resultados en el pizarrdn y luego analizarios usando:
- Tablas proveidas en Roessler et al., 1978.
- Tablas proveidas por Watts et al., 1992.

- Analisis de varianza.




LABORATORIO No. 2
PRUEBA DE DUO-TRIO

Panelista #;

Fecha:
Alimento:

Instrucciones: evallde las muestras de izquierda a derecha. La muestra de la izquierda

es la referancia. Determine cual de las otras dos muestras {codificadas) es iqual a la
referencia e indiguelo marcando con una X.

[dy}
(D
—
Y
37
[4:]
—

Cddigo Cadiga

Ref. Cdodigo Cdédigo

Comentarias




L ABORATORIO No. 2 - PARTEB

ANALISIS DE DATOS

PRUEBA DE DUO-TRIO

Panelista #

Muestra seleccionada
set 1

Muestra seleccionada
set 2

Wi |y |, |k |WiN |2

-
<

—_—
—3

—
M

-
W

—
I

-
o,

-
[8)]

-t
N

-
[63]

Y
w

20

TOTAL

PROBABILIDAD
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LABORATORIO No. 2
PRUEBA DE TRIANGULO

FPanelista # Fecha

Tipo de Alimento

Instrucciones: A continuacidn se presentan tres muestras da . Dos
de estas muestras soniguaies v una es diferente. Evalle las muestras en el orden que
aparece en la boleta y ponga una marca (X) a! lado del cddigo de la muestra que es
diferente.

Set 1 Cdédigo La muestra diferenie es

Set 2 Caodigo La muestra difsrente es




LABORATORIO No. 2
ANALISIS DE DATOS

-PARTEC

PRUEBA DE TRIANGULO

Panelista #

Muestra seleccionada - set 1

Muestra seleccionada - set 2

Difzrente L Duplicada

Diferante

Duphcada

ot |WO]|N|=

[#%]

20

TOTAL

PROBABILIDAD
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COMPARACION CONTRA REFERENCIA

Producto ) Panelista No.
fFecha

[nstrucciones:

A continuacidn se le presentan 5 muestras de galletas {(ccdificadas) y una
muestra control {R). Pruebe la muestra "R", luego prusbe cada una de las
muestras codificadas y evalle el grado de diferencia existente con respecto al
control. Por favor fome en cuenta todos los atributos de la muestra {aroma,
color, sabor, textura, etc.).

Cddigo Grado de Diferencia
contra Referencia

Escala de Grado de Difsrencia

= no hay diferencia

= diferencia muy pequena
= diferencia pequena

= diferencia moderada
diferencia grande
diferencia extrema

I

g Rewhe 2O
!

f

[y




LABORATORIQ No. 2 - PARTE D
ANALISIS DE DATOS

PRUEBA DE COMPARACION MULTIPLE

Panelista #

TOTAL

1

w o |~ [ | W N

20

TOTAL

PROBARBILIDAD
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[ * Tiis s oxnoor Tvo arlicles on
B orsory {-stng fer flaver difcr-
eases, Flavor-differenee lesiiag it
widely voed fur quelity control and
or rescarch aad devrloprest work
A fouls cad bevermges, It it sce-
seary, therefore, that the moit cp-
proprizle ncthod cad procedares
€ Jolloced in wrd2r lo odtair relis
‘bk rea«lle, Ruouledye accxmu-
fed exd progreesin the lost deende
2ve pluced seasorg-difcrence (et
A o5 2 more scicalife basis, [a-
orsaticn guized from colleeted
Infa and trperinextation will fure
fher develop and adcesce lech
wiquet of difference trifing that
il be beaeficind fo the faod iaduse

ry in the future,
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. 1. METHODS

% FLAVCR-DIFFERENCE TESTING
his been defined as “‘a comparison
or test of qualily vuriation without
indication of prefercnce’’ (Kiuner,
1959). In contrast to cousumer-
preference and  faver-aceepianee
tests, differenes tests are concerned

-only with whether a detectable Jif-

fercunice exists between two or more

lreatments, Fiavor-ditference lests
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Elsie 0. Dawson, Jennie L, Brogdon, znd Sandra Mcdianus -

include f(risngle, paived.contpari-
sou, duo-trie, muliindecomnmarivey,
descriptive-terny, profile, and dilu.
tion tests. These snethods of evalun.
ton are wised Ju uality coatrol and
i research awd Qevelapueat werk
on foods and beverages such us, for
example, the efect of formmlation
or processing change on a preduet,

the vffect of packaging mateiizls on

[ Y | S e e Y el

P e L

ae,

[T

atr

e o
POV PRY FUPRR

4

-

4

-

]

‘s

. 4

. . - ‘

s M : i P

111

1
;
i




? et e
R
{ sy }
lcr _ L4 f 3. ‘ *
X i
: S -
{l“ . -'.'-'(",-:1 !
» /- |
o _" t
: W
i' Ll — .-‘:.; .
'—.-":r_

avor, and the cfTect of pesticides

¢n the fiaver of [ruits and vegeta.
*-Bles,

The deleclion of differences among
{reatments is usnally made by 2 smzll
nutuber of well chosen panel members,
who serve essentially 2s a labowatery
inslrunent, As with 1ny Jabomlory

Txble §. Moruing aad afteracan paired
differcuce tests on bouillon prepared
¥ith beef bezillon cubes and four kinds

b‘!l water, °
h&ir‘

Tarte dilerence .
Fi A, PAaL,
= Ta Ne Tes Ne
Fean 130 0 150 - 3
oA 140 0 peLl 3
T AC 11 3 14" 2
[-2§ 13t* 1 15¢e 2
5. AD 190 3 n (1
D4 e oz 154 2
BC i - 2 13¢ 4
.Ch 13 . 1 12 ]
AD }3 L 1 ¢ [
LD 130 1 1840 1
cD ic [ 14 2
felod ] 3 14* 2
Sam b2 L1 22 171 b4
Perceat £ 1L 11 13

* Signicasty prester nasmber of Tea sn-
Swars ilan expscted Ly chiege at e 5
terel, .

¥ Sigyilkeantly rrealer sumber of yes age
¥ert 1han expected by chance at the 159 level.

& Ve vater woluticss waed in prepaniag th
Seel bouillen vere: A—water plus cklorize;
Bewwater ples lroa; Cm-water; aad D—water
Mot calciem, ‘.

.

.

instrument, the precision of the results
depends on tie preeision of the lcol
tnd the conditions under which that
tool is used. The factors for detenmine
ing precisien to be cousidered Lere
are: 3) conire] ¢f environmental con-
ditious at lasiing, b) lest methed. 2ad
¢) selection of pzzcl members.

Centrol of Environmentz] Conditicns

Although tlhe panel is operativg as
& izboratory insirumen?, the rativgs
depend on humaa judguments, which
may be influeiced by physieal condi-
tions in the pessoz or in the entizeat
ment. Meny of these conditions nmight
tlso alfect £aver acceptance and pref-
erence ltesls, - .

The judging room sbould be {r

frocc Jistrzeticns (Mitchell, 19372},

odor-free, sir-corditioned, or with otler
means of proper vontilation aud iem-
perafure control. If the room acd
furnishings 2re off-wbile or light or
neolral groy, the panelists will not be
distracted by color. Lighting chould
te uniform, 22d sdjustable if eolor
seeds to be masked, Separate bootls
prevent the exchahge of expressinss or
impressions between pancl members,
easuring individual rosponses. If esre
is pot exercised, round-table giscussion
ean create qualitative flavor diffezeares
where none exist (Foster of ol, 1835).

Table 2. Incorreet identifealions in the Sr3t and second 2alf of triangle and paired

esmpariscn test series.

. . Tartarie

Methed . Ciltine Mol Swcrese scid Telal
Tritaglas °

Firut s 31 . 51 ] “ e

Secend 2 h k1 1) + 39 F . 13%
Palesd . : .

Firatl 3 {4 k4] 13* j320

Second $ 24 11 b3 s 15

Jered,
feval,

® Slgaitesady greater sumder af Incorrect ideatificationa than ezpecind by chance at the 57%

** Bicalbeanily traater aumbner of incorreet ihniln:'u'an thaa expeciad by chanes st the 1 %

SLach of € prucl mimbery tasted 3 Tevals of cunceatralion of earh basic laste Ja distled
waler. Kit triangles wore wsted far wither 2 sr 3 replicatons, dependisg on sumber of curract

ASgwera

Lotk of € panel mombars Wsted 3 lavele of concomtration for each hasie Loty In Ziauilled

walar, Ten puirs wors rveaned for sithar 1 or 3 replicalions, drpaadiug o0 Rumber of carvct ,

shsware,
r s . . . .

. &S

" - “-..!:.L\l
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“tested 20 litnes cach, the resobis for

; Sr\'cr.nl investizalors have Teporied
conhsdielury resulls fur other [netom
ivfiueneing  panel precision, such -
lime of day, nurdier of samples § ¢
sexsien, and time intsrvals helween s
ples (Janowitz and Grosswaw, 1943,
Goelzl et al,, 1930; Mitchell, 19374,
QOur laboratory found no signiferit
differences in results between moraing
(11 4a¢.) and afternoen (3 ror) ses.
sions i1 R paired compaiison study of
bouilloa reconstituled with differzal
kinds of water {Tahle 1).

The oplimmm number of camy'ss
that ean be tesied at onc session mith-
oat taste fatizue depends on the p:
uct {Brandt aad JTuichison, 3
MileLell, 1956h; Plaffmann e al,, 3
Waid and Bogos, 1931). More sain
can be tested at one session IF ke
preduet is bland than i less blarz
{Rramer et al, 1561; Taue ef o
1834},

Our laboratory studicd ke
taste fatigue oa basie tasie-dify:!
tests uzing triangle sud paired
parisen lests. The panel made sizui
cactly mare fucerrest identificatiozs iz
the first half, indicating Letles izsiz
aceily in the seceond Balf (Table 2).
Toe fzet that the pavel éid oot mzke
wore incorrect ideatifieaticns ia the s2¢-
ond kaif indientes no tasie fatigue,

Similar resulls were found iIn cur
inboratory in & siedy using instamt
bouilion recenstifnied with diferer!
kinds of water. The effect ca ponel
cralvation of & givea pair of samzic
sewved as the Srst pair io tha sessive
was sizdied. In seven pairs of sazples

the Zsst and last pairs were as felluws:

Can you delect g dijference in tosle!

Yrs No
First pair i3 T
Seveath pair  19°** 1

43

Nole alove that differences detscie
in flaver were siguificant at the ¢
{**) level wben the siciples wer
served last, but not whea tenved first,

Panel members tezd to use all anail-
ablz juformation ia making their juss-
ments. Therefore, samples sheuld be
prepared and served as uniformly s
possible in all aspects not related @
flavor. Size of sample, teruperstere,
fexture, appearance, end color must
be controlled, The actual identity cf
each samplc nuct he concealed by cod-
ing. II possihle, tie produet should
be tasted by the pouelist in the condi
tion in which the food is norinally con
sumed. . .

Information ahout the varinbl: to Le
studied ean be of greal Lelp in increzs-
ing the scusitivity of discriminalion
fests (Bycrand Abrme, 1953). low-
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their decisivus by their hnuwledge
# the stimulus vaciable and by (ke
#formation given them, regarndless of
swhelher it coulradiets pereeplual ex-
frience in the fest situation {Rafens-
Elq:cr end Pilzrim, 1936). Therefore,
truclions should be clear, concise,
god appropriale o the experiment,
% This bricl summary of factors is
idence thal no one statement or rec-
endation ean cover these aveas. Ex-

I vieuce witlt the specific product musi
ide deefsions on the ¢antral of many

.mr, panel wembers will be fufluenced

rinbles, Turther information for
E;\rif)':'ng standurized conditions ean
_ fornd in a wumber of sourees, e g,
Pawsorn 1ud Harris {1931}, Krager
*nd Twigz (1562}, and Arther D. Lit.
‘e, Tne. {1939).
l Jest Kethods
The meliuds used for eviluzting
wor differences inelude: triangie,
! saired-comparison, duo-trio, multiple-
emparison, scoring, 1anxing, single-
stimulus, deseripiive-tenn, dilution, 12d
vor-profile tests. These methods have
lgm reviewed and dizenssed by Borgs
#nd Hanson (1949), Cazl (1937),
wswo and Harrie (1531), Kramer
and Twigg {1962}, Lockhart (1951),
eryam (1955), Selieaiiz and Foster
-{1957), Terry et el {1857)" and otbers.

The objectives of the diSerence fest
must be clearly defined before x test
metbod exn b selected. The Iavestie-
for must detenioine: a) whetker it is
suflicient to determine oniy if o dif-
ference cxisls; b} whether the diree.
tion, extenl, and importasce of the
differesce wwest be Lrnown; or <)
whether a complele znalysis and de-
‘eription of the favor is necded. The
efficiency and sinplicity of tke method
and the appropriatencss to the probe
lem must 2lso be considersd (Pervam,
1838).

The efficiency of a ncthod ¢onsiders
both (he slalistieal aspects and the
tmsunt of work required to achieve &
given degree of discrimination. The
method seleated should give maxiizum
informstion with the Jeast cost and
tlort. A rmeans for etermining of-
feizney-ob.cariables procedures, such
a3 multiple-comparison metbod, has
been developed in lerms of the numlier
of tastings required for deinoosteating
stalislies! signifieance 1t a chosen prob-
ability Jevel (Wiley ot ol,, 1937).

v Olaer factors o be considered in-
lude the simplicily of the test (Byer
sad Abramis, 1033), the consistesey of
the panel, the amount of testing to be
done, whether lcsting is 1o Le con-

- or iutermiitent, and whether
| kmaterials are constant oF vazied
I Il -

GENSONY TESYING OF TASTE vieroitENCES: PART L contiancd

Two or Thres Samp

Trigugle and duo-teio tesis are used
when Lwo Lreatments ore o e evilu.

1 Tests

ated or nhen iU s advanlageous o -

refer eonlinuously to a referones sam.
ple used a3 an unknown, The results
of these tests indieate whether a dif-
fervace exists between two tecalments
with na indieation of the direction and
extent of the difereaces, elthough tri-
angle and dup-trio methads have been
moditied to obtain a quality judgment.
Hecause the ohicetives of the lest are
changed, if intensity of differesce or a
quality judgment is incuded, a dider.
ent nicthiod chiould be weed (Iramer
et al, 1961; Peryam, 1938).

The results of triangle and due-tsia
nmiethod may be inlluensed by the order
in which samples served. In duo-
trio lests, diserimination is Dhetter it
the stronger flzvor or vausaal Javer
is presented as trhe odd sample (Brzndy
end Hutehison, 193G; Mitckell, 1936a).
Iu triangle tests, detecling differences
can be inproved by hnlding the odd
sample couslant (Plaflmaon ef cl,
1931) and by keeping seruples 1 and 3
as duplieates {Harries, 1936). Paacl
ciembars bave showa a bias loward se-
lecticy the middie sample of the trizz.
gle test 35 the odd sawple (Derg ¢t al,,
1835; IHarrieon 224 EZlder, 1930).

Paired-comparison lests are used Lo
evalyele two samples st 2 lime IS
more than two ircatments are beize
tested, each treatmeat can he compared

‘ith every other i the series (Tersy
et cl, 1932},

When tbe panel member Is reguired
to indicate only whether the samples in
a pair are the ssme or difTerent, tae
ioformation obiiined iz similar to that
obtained in triangle and duo-trio lests.
In most paircd-comparison tests the

-

-

diuension of the flavor Jdiffercace is '

compared ou the basis of A spetified
eriterion such as “which sample is
sweeter " Thus, theextent of the dif.
fercnce is oo! determined. Paired-
comparison tests of this trpe can be
% ed only when the criterion can be
deined by the investigator and under.
g'oad by cach pancl member. Paired
tenis ave sdbjeet to hias as o position,
teiperature, and other factors (Gridge-
2, 1938). - .
Teiangle, duo-trio, And paired tesls
tre applied far quality control and foe
product developmient and improvement

_when products approaci, eamplele he-

megeneily withiu Jots. These inctheds
are also used to determine the accuracy
and relability of panel menbers. Ad.
rantazces are thal small differcnces be
tween smnpies ean be determined, and
direct comparison of the samples 1e-

* 1w gh 4. 4 . 1

-

Teat E}:c:};:\;{i\‘:"}lih wwmber al enm.

pwrimhk"h.u‘ni:f_ci\\ saede of the seu.
silivity of the ln':m?lp, paired, atul
dute-{rig tests,

The paired (ol was repacted supe.
riar fo triangle tests when quinine and
dextione 1 quesis salutions were (aatl
{Brer and Abrams, 1233). Mdwever,
Haraan and Elder (1930 couchided
that he trinngle (ot is stalistiealls
uwre efficient Uhin the paired eampari-
son. Dawson and Dochtenuan {1951
found ne diuference in piecision he-
Lween the triangle test and the vaned-
cowprrizan test oa sheeolnie fudze s
a basis for sclecting reliabic pandl
wembers. It was {elt that more conti-
dence would lie placed in using the -
angle teat, however, since Judzes whe
could net kdewtify duplizate eamiples
could be eliminzied. Pfaffinann et ol
{1834} found that, when the Mavor
dimensive of orange drink wos sycdi-
fed, paived 1Gis were better than the
trizugle lest, althongl paiced tesis
were poi supsmor when flaver dinen-
sion was not specified.

Paired comparison tests and trisngle
tesis were reporied to Le equaiiy sen-
sitive, and appreciably supetior o dua-
tris tests, wiih rqueous seluticas of
primary szvers, tomale juice, ncd
ground beef {Gridgeman, 1233). The
paired test was uwsually reore ceo-
niomieal than the triaegle aud due-trio
tests on an aliquot-for-sliqual bzsis;
tke duo-irio test was the least ceonomi-
cal.

Triangle and paired loaty were cotz-
pared in our labotatory in cxperiments
with yround nih patlics. The mesnt wes
from cattle Lieated with two fevels of
an izsecticile. Ncither mellod wus
superior to the other in ters of pane -
seasitivity, Tks paired tests were supe-
fior, howerer, Irom the standpoint of
parel tinte and the amonut of labora-
tory preparslion required.

Kultiple-Szmple Tests. .\ multinie.
coirparison tesl eould be selected whea
& number.of tigatmenls a3 to b2 com-
pared to a reference sample. 2Muliiple-
tomparison iesis bave been develeped
for the crzlusiion of cauned foods
{Mahouey ot al, 1837) and of foods
exposcd  to pesticides (Wiley ot el,
1957). The dircction, extent, and ix-
poriznee of the differcnee can be
detenaioed.

The advantazes of the multiple-com-
parison  metbad over tic trizagle
.umthod are: a) detecls saaller daﬂgy
ences betwezen tecated ond uslrea
ssmples; b) gives additional intfurmas
tion about Lthe direction and importance
of the differzuces; €} roquires less Lune
and fewer samples; d) is more efiicient
' when ypancis bave net been specially

T
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scleeted or trained; and ¢} is not in-
flueneed by small diffciences in cslor
and textme (Hogee and Briant, 10373
. Kramer and Ditsan, 1956; Muboney
et ol 1037).
. Scoriug 1letheds. Numerica! scor-
ing of ramples is applisable when the
dimeusion of differences can be pre-
delernined and arrangzed on & numer-
tally prmduated scale. The desres,
direction, und extent of differences cop
be deteemined, A nurher of sanples
ean be tested at one session, depending
ou the produet,

The scale mas he deseriptive in na-
fure; or be pochered on sggc-ir.ucns of
the product for reference and dirser
comparisnn with_the experimental 3am.
.Els'_\;’ﬂ'-!‘:c:m’u_.hcr ol mradutions ou the
5&512_7 "rill’a:!opend en the number of
AR AR relist ean distinguish. Al

panel wemlery Mequirs training  And
munt_understuind the eritenion_in the
WAme wav,
oL yay.

Scures fae peoducts mny be aifeeted

by onlee of precentatinn, fur esaiple,

when xeanples {ollyw 3 noa-standard er

Astapdard scomple (Carlin ef o, 1236).
Herrison and Zkler (1930} siate that
the standazd must be presented twice—
ouce as an ‘“open” slandard and agaia
&g ¢ blind ezniple. The blind sample
will receite 1 seore shishtly diffevent
from thal of the open sample. Tlarries
(1936) found that scores were aflected
by physical presentation on the table
when  samnples ave presonled in a
straight live

Ranking vizy be used o specify the
dimensfon of the Giffercuce 2s to the
inlensity of a characteristie, and nlien
actnal valees are not needed or are
diflicult to provide. The panelist nest
be thoreughly familiar with the pars
ticular characieristie under study.

Ranking v a fuat methed of dis-
eriminating maliiple samples, Fixed
werles eah ha used with a control or
relemenee sample.

Seuting and ravking nwcthods 2p.
pearal erually efficient in ditecting
differences in 2 puniber of foods; how-
ever, the scoringe melhod indifcd dee
gries ol differences thal were pet

SH.\':‘S(HI\' TESTING OF TASTE HIFIUURNCES: PART [ costinerd

shown hy ranbing (Dawson wnd Dall,.

[

teran, 18515 Pacls, 1034). Keamer ¢

al, (1061} cvuld sat indivale a definite
advanlage favoring the use of cither
scoring ar ravking procedures,

The furor-profile test is the beoat
known il Tor oltaining a gualil .
tive as well as quantitative desvription

“of the individual characteristics o1 e
“telal fluver complex af the proinet,

. Deseriptive woids _for cavk Sl idus)
avor note and sunalier aze qhia
Mal e e the relalive st
exch nole ol SRoTE awia e

- melied— W pe.
digrees of differcners Betwesy tarp
samples, the dezree of Vlendl o, de.
grees of similzrities, and the overzl
impression of the prodct,

Considerable kzowicdze of favar i
required for inlerpictaiion o
profle resnils that cannet be 2,

Tstatistienliy hul can be pien
grephed, A wrilten reentd o
¢an be oblained snd used as =
coce.

The favorgiofile method 1iyuic
educativn in Arver aud oder sen-aticus,
keen inlerest, infelligenc:, and hwnessy
oy {ke part of the prschist, Tlaver
profile tochuiques huve been 1ov!
in detail by SidsirSm ez ol (1837 2nd
Caut (1957)°
TIRIATIST feafs 2re urod lo suurarize
the flavor of the preduet ia terans of

- pereent dilulion or a5 & ratio i

1 ey
-

flaver delected (Fazion
Kramilieh and Pezr:on,
tion Isdexes bave been
sevenz] Polish foods {Tilguer, 125147
For exa:nple, the favor of taspheors
syrup was of standard quality ac a
ditution of 1:150, aud ef prime guaiiy
at 1:200," The index permits enzifivhe
ment of anchor points for dezeriptita
temns used i rating edsr aud Naver
of focds and Leverages. Liluticn tests
kave heent studicd also &5 & mezns fof
selecting end maintainiig 3 relercmee
standard Torsetring or diference lest
ing methods (Tilguer. 10625).

The mathed requives suitable stasd-
ards for eomparison rud for ditsticn
of the [eat material, and is lhmiied 2
foods Ihat exn be made houmogoucous
without affecting fiavor.

et ol 1554

1338). Dibz

Dilution tests huve Leen extewdied f0

provide a flaver profile. The paud
members reverd the profile for sanme
f.uhs at dilutions between the idenluica-
Uon threshold and the natursl wwli
luted product. The results indicais
what, how much, and &t what fevel
each sensory component exists in lhe
product, A dilution flaver praile for
an jhetsnt coffve showad 82 & ddutivn
level of 0.03 1o 0.18% A swecl note

<)

~ I -
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that disappenred and wns superseded 1855, Yariation In flavor judgments tems zued erpanoteptic araiysis, Foed ”QLE

4

Technol, b, 4258,

Mahoncy, C. 1T, . L, Stier, sud ¥, A,
Craabr. 1":7 Toolating finver Qi¢- P

i & group nlustion, Food }\‘urarch
20, 539,

Goetad, P\, . A. J. Alnkas, and J, G.
Payve, 1930, Qecurrencee in ropmat

Ey n bittcr nole at 0.1 to 155, A sour
note ccrgald at0:land ruu'uucd up
“lo 0,653 a.}mp:h Dol was sensed al

+, -

b

g
- -

-

v

L

m_-

dilulions of 0376 "I5.4 At normal
streugth (163}, oul) the bitler aud
burnt noles were in evidence (Tilgner,
1963&).

Statistical Techniques

Statistical {cchniques for difference
testing hiave not buen considered here.
References most frequently uzed ia our
food-quality luhoratory are: Bradiey,
- 3933; Cochran and Cox, 1857; Dunean,
1955; Erckicl and Yox, 1939; Federer,
1935; Gridzeman, 1953 Liopkins and

ridgeman, 1933 Kramer, 1933, 1935,
1657; Radkins, 1935; and Terry ef ol,
1832,
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~ SENSORY TESTING

OF DIFFEREN
Il SELECYION OF I

Elsic H. Dawsen, Jeunis

e Tnis 15 OXE ab Two erlicles
on srxsery fritima for fudr dif-
fercrecs, Flzyor riq. ereace tesling
&s videly vacd for quelily coxirol
ord for rurarch and derviopment
work on facds and bevercges, It is
necescary, therefore, that the wnost
Jappropriale 1, ethou axd precedires
be folloned in order 1o oblein re-
lichle reguits, Ravnledpe cozunmu-
leted and progress in rhe leag
Cieade have placed sensorydifers
cnee fostivg o1 @ nisre slientific
batis, Iaforustion gained [ron
“enllected 2ata and experimertsfion
will furiher devilop and eadrance
fechniques of digference testing
et will te Lenefrial to tie food
ixdutirn in the fulwre, Pert I,
Methods, wipeared ia S-rp!r.uber
Fooll Techusiapr.

e Ir is [MPORTANT 10 select
panelists wlo have a sunerior
ability to detect differsuecs. The
candidates cousidered for a panel
“should exhibit intellizence, com-
preliension, concentratinn, suse
tained interest, and mativatisn to-
ward sensory testing, They wust,
of enurse, have interest in the prob-
lem. Panelists should be able to
deteet fine difcrences in specifie

“2itributes of feods, and 1o give re-

producible judgments in testing
the same samples nt difercnt tines.
A panel of 3 to 10 is usually ade-
quate, the size depending on the
variability associated with the ex-
perinent and on the magnilude of
the difference belween samples to
be deteeted.

" The smm{u'x!y sud reliability of an -

individual varies from lime lo tine

&

(Bagss er cl, 19G0), Variablilily is
eved grealer hc!-.rcc'n judividualh—in
taste li.:us'.:ol-'l:, i ccg'rcs of édles-
atd ja zhil-
itv to give r c judginents.
,c.hh, age, seox, noni..a. and cuio-
{fonal faciors lLave been conmsidercd
possible eawaes for variabulity in fazte
a¢aily amsng iadiv . Peuel can-
didates for a tpeciiie preduct may have
to be excluded o tie basis of some
of thess ediinrise.

Tmportapt Paclois :
1ndividuals sheuid de heali?y. Minor
infeclions of the vose and throay may
aiTect flaver pc.-cm:iq.-:,' sitbough pie-
vious Ulness from Bar fever er sinug
may not afcet fasle zeuily {Rsizche-
var, 1936). Nu'ritiogsl health of an
individual may also aZeet sansitivity.
Abnormal taste rcspozses have been
found in vilamis-A-écficiont rals {Ber-
ratd ef al, 1661, Seifter ef al., 2950).
Human rubicels defisient in salt
showed inerizsel (este semsitivity tor
eait althotgh sersitivity to sweet, sour,
and litler showed no such change
{Yensen, 1235). Reduclion in blood
segar level by intraperitonesi injee-
tion of insulin was net assnciated with
& change in tasle zeusitivity, alihough
preference for sugar was enhs aved
(PfalToara and IHagstrom, 1953).
Age of the individuzls should be
considered, altheugh  reports  vary
sreatly as to the effect of age on punel
ncmbers’ seuity (Iaten, 1950; Not.
schevar, 123G). Ilowever, sl sensory
threshold sensitivities scom to decrease
exponcutially with sge, when the in-
tensities of tha thresheld stimuli are
esprassed in ferms of pryehulugieal
magnitude seales (Hineheliffe, 1962).
There may be scx-a~sveizled differ.
encey in ahilily to perceive flasor

Janghorn (19532) found much lawer

[¢]

. i.‘.lc ot 1o ¢Teet due o ey whi,

CES IN. TASTE

PANEL -v’IEmDT RS

L. Brogdeoi, and Sindra llelianus

threshelds in fewales than i:\ Zietes o f
esilege age. Fdiseh ".r)

wewmbers evalualed poeal.
ciien lests, which do ot ..
represeutative sample of e ol
panel members should de seledied for
sonsitivity, amd sax diffeiences sheold
be ignored.

P!:\smio":c..l faciors (not 'cv-“""
bere} ave dizrussed iv a rocent pil.
cation edited by Kare azd llalpemn
{1951},

T Pretastes

Abilily to diseriiminate mar alo iz
alfzeted by subslaacss tasted pries t
faver evalustion (Fabian sad Tiun
1353; Pilerim e ef, 1933}, Dalit
Lach a":l u..ile.:h*ch (1943) nnied s
tha effcet on taste scuity of tssh.n
ear food before another was regen
in the early 1500%. Rerg er al, U::J)
reported that aleshsl enlances e
swoetness of a smernse solition. Su-
¢rose sn;muc..ull" deereased the 2
ceived intensity of caflding, but lice
was po cvidence that sueruse 2 ..ﬂc.u:
the perception of even strong et
tiens of w:alt (Namenutzhy sad ?'
grim, 1933). Naimen and :
(19.'-9) reported the elfeet ol su

I 2 BT

.'-
3

’

scqumll\' .:Mcd ]-runnr) -laste s
tions, Mixtures of stirmii huve 2l
been studied as to their efieel ou tasie
pereeption {Hisreiner of @l _.f::--,
Panghorn, 1060, 1961; Veldés er cl

. 1938},

{n a recest experiaent, we inveslo
matel the ¢ffect of several jorelasies €3
Lllc shility to distinguish differerces :a
the tnde of prlatecs with end withe.
oul adiled sedime chlorids, Triauzie
tests were employed in a ‘:nr‘m-;-"‘l
Mock desiza {Coudirnn andd Cox, 2 1637,
The p'rh.lml sublances were losralo
juice, wilk, apple juice, raw ADDIC,

C

£
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ad colfee cerved al 1000 bauillon
Feud enfite sueved nt HUCCD nes! dise
, il waler al resm lewpecslure
(21 C). Two nidutites vhapaal Lirtacen
. i tnstingg ©F the prelasted sobsbapeas
harl (e evaluation uf the petataes,

The pauel differentiated between the
Banples with and without added w-
Fdiut chioride moe often (siguificant
Watl the 16 level) when the pretuale was
dictilied waler, ol bouitbon, wud hat
fice (Tuble 1) and {ab the §7 level)

Cliemically pure sabulimns of sucrese,
enllvice, awmd sodiam Jhleride  wete
wad i variows levels of coneentiution,
bre tesb 4 coele Dbz i vunstaded wl twy
rmples of dislitld water 2l one of
the basie taste solutivn, Tu bl B othe
like samples 0 vach triangle weee
vither the busie Liate heing tested oc
distillal watee, The pevson’s thrnheld
i each Gt wax delermiecd by the
lowest molar dilulion identified a siz-
wiffcast number of times at the 10%
fovel,

The diference threshold was esfak.

et 1, when gaghe panednt Wi teguiced
b name Whe fnale bein e tested e 1
dlentily the sanple or samples eune
tating the basie Laste,

The diferciee Uue S0l iy the lowest
molar  econcenttntion distinguishalie
from distilled water witheut identitiun-
tion of the taste. Sume other ters
usved for the diference thresholl are
sensilivity,  sulthyesligl) sub.
liminal, and threshold of sensation
(Fabivn and Blw, 1913; Richter aied
Canpledl, 1940 Wickter znd MacLe,
L2383 The faaie Whrealold is the smini.

POTIN
L.:ﬂ,

E Tible 1. FEffect of prefaste o the lished in test A, when the ool was nenw eonveriiation in whih the juige '
grtasic i‘,‘.““-" fﬁ;.ﬁ"'““‘ with and witkeinfarmed of Uhe facts heay tested aud an revoguize and hlentify the tasre, '
puut sonium crorie xshed ondy to < levt the sample in Lhe Sustlier tean used fer tzste theealold .

) C":;‘d‘,f:::":-’ ‘lriagie wontaining the hasic tasie. Is grslatory threshold [Janowity amd |
. mereun o vy v ow e —a K
Preissted  Temperstars  samlat e tasle throshold was established o Groszman, 1643; Goctzl et !, 3930b1,
sxbitancs {*C) {5} . T, BEST :
Distilled water kA £ 4OLES PER AVAILA, :
Devillsa £ LE BLE
Colies 50 s3ee LITER :
Toctaro juice 10 i3t . l_
Applejuire 17 17 - -0[4 _
RBawappe 10 {7 . e
; Y 4 = \
Pl 1o 5 .OEZL £3 DIFFERENCE *
£ TASTE .

Y Biguilerotly greater pércenisgs thia ex-
yoeted by alaance at ths 3¢5 letel.

4 Siznificastly grontof I<ientaye thga et
pected br chance at the 16 irvel,

*Ths buuher of coriemt welpctians ! the
dilcrent samnple in 32 ticnpie trets, The &40
fareat sewpia eou®™d Mo il ane witk ee wsthe
ot 2dded rodium ellorida,

). |

" tomale iuice. The pansl did nat dif-
+ ¥ -

feventiale betwesy the samples A sig-
nifienntl nuwmber of times after ihe

olaer prefasted substarces.
* The (2mperature of the pretaste 1.
peared ta have su effect en debreling
fiaver difierenees. Al of the prefasies
feived at room lempeiature and at
50°C vieldad sizmnifieant difercnes at
the 16% loval, bt thers were no siguifis
eanl differenses ab this jovel when (he
Prelasics were gorved at I0°C (re-
W | Irizezton-chidled).
¥ Variabaditandn 0 2l perfanmance
ean be addelidh Ly seleeting sensitve
l iudiﬁcﬁﬁl‘%igtﬁ’t‘?hé:ing and ebecking

fhcic perfarmances.

Taste Thresholds

Threshold tests with ecletions of
pure chemicals have been used lor
meny years to seleet pand memnbers
end o deleet differcnecs in the sonsi-
tivity of individunis to sweet, szit,
sour, and bitler solutinus. In our
laboratory, we ddetermined threshoids
ol prospective panct mewbers for the
four busic or primary tastes 25 a hasis
for & study on methudology of dil-
fevence feats,

Triangle dilcliva tets were inade by

txo procedures to compace threshalds |

when the thste is huown Lo the panelist
{Test A} aed when it is uot (Test I},

b--
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nul.

4. 1 shows toe pancl (hkiesheld:
for sucrose, callvine, and  xaliva
ehloside. The fasle thresholds foe Lhe
panct (Test ]I} were considesably
bisher than the differeuce thresholds
for e puncl [1est ) Similar re-
sulls have beve reperted « the literas
tuce {Panglorn, 1939; Iiclter “and
Campbell, 1810; Richler and Maciup,
3039; Yabian and Rlum, 19{3),

Sinee taste thresbolds 2re consider.
abiy hisher than Qifference thresholds,
it is Juporiant in establishing tasle
threskolds thal the panelist idealify
the {aste Leing {ested.

Triaucle, paired, and siagle-stimulus
dilulion tests were compared to deler-
prine the most clficient method of
establishing laste Llhreshoids for the
four busic tasies.

Puuel quenibers were told- that they
were' being dested for taste sensitivity
Loythe four' Lasie tastes, but were not
1514 the order in whish Lke tastos were
offered. The six panclists were ra-
quired to rame the laste being tested
and identify samples containing e
taste. Nandomized bloel desigus were
wsed for 2l mothods,

In the trizngle test, 6 trizngles were
sarred al ezeh of 3 sessiens and for 3
levels of wozesutistion, The “like”

samplas ia encht lriangic were cither

the Lasie fastc being tested ar distilied
water, 1o the paired comparizon st
10 pairs of samples [of cach of 2 sos-

sious were secved for 3 larcls of con-.

ceutcilion,” Io both tesis, punclisls
were regeited to identiiy the hasie
taste being tested = significact number
of Lintes et the 195 level

In the sicgle-stimulus tesls, the
panclists lasied S seluitazs of eoe pri-
mary taste o erder of ncressing inelar
coseantralion and indicaled ju which
beakher they were pesilive of the idea-
Lty of the laste. This l=st was re.
pealed 3 times for ench basie taste.
Tee threshoid coouenliraficn was the
zverage ol the rzizr conceniictions
for the 3 replicalious,

When results of the rethads wete
compared, lowest thresbelds were
woualiy derconstreted by the paim,
next lowest by trisngles, asd tle
Liglest thresholds by lhe siagle-stimz.
lus procedure (Fig. 2). Ia reporting
Leste throsholds, the methads used 1nust
be deserihed accurately since they have
A bearing on the reselts. When enly
two samples were compared, the tasle
appexred to be identificd by conlrast
ruore casily Lhan fn ke triancle
roethod, nhivre one out of thrie sam-
pPles was diffcrent. In the singles
stuaulus dest, & higher concentration
of the l=ste was needed for identifi-
ealion .

Tihe paircd-comparivon aad lriasgle

.

tent< reuircd 2 (o § limes as nuiay
sesians as the sogleatimulus methad,
and 24 1o 3 thines as long per seasian,

The concentrations, in meles per
liter, for ke cight svlutivus of enck
substance were:

Cancentration Tartarie Bodivm

aviklmr - Eacrae + aeid erluride Culteie
1 0.0064 0.00004 0.0u78 gaeG~—
2 A1L8 09068 0216 < 0ug
h | L1586 00016 L0064 JDags
£ D256 00032 D128 L0LE
5 0410 00064 i 11 L0an
6 L5855 00128 82536 0081
v 0819 00259 L3141 0085
.4 J024 00512 0312 0128

Also, the paived and tru.,.h, bsts e
quired § to 614 times as meny =am-
ples for statislical significanze Az the
single-stiunlus method. The lime re.
guired for laboratory preparation was
alse much proater for the paired and
trisngle ructhods,

Individuals exhibit very d:feren! re-
ections lo taste stimuli as shown Ly
threshold valuas for the lasic lastes.
Our Endings 2zree witt ibese of
Blakester (1932} in that no one of the
pauel was lhe poarest (or besi) taster
ia respest to all substanecs tested.
Some were relalively aeute (or poer)
tzslers for all substances ested.

Training .

In a third study the taste thresholds
of trained and usleained paneiists
were compared by singlestinuln dilu.
tion lests, The tests were given to six
experienzed  peruelisls  whose  taste
thieshoids had previously becu estab-
lished by triatgle and naired dilution
tests. The single-stimulus lesis were
repcated for x panel of 12 staff pem.
beis whose hzsin taste thiciheids nete
askuown znd wko had net taken the
other tests, ’

o

2 Unlreined Tosiers

CONCEN

< tem ol evaluatiss _aud e

The trained pazel 3ad signifieantis
lowee thresholds than the usnlryined
racel for sodiuin chisride, suerose, and
tartarie xcid (Fig. 3). Iio.cever, the
pavels did pot differ sizmilianty iz
their threskelds fer exone. Some of
he panel membois ripaiind 2
over ju taste in e serl
Nemsou  £1437)
lasticg calleine, there 3o-seeind
Cxlay before thie peak of Lilernoss is
reached and that e bitler tnste losls
over 2 minutes. Paughoen (1530} re-
ported a2 decided dzereasz in gl
hresbolds with praziiee, Lot thers i:
& wide Tedatisn belweon indovilusis
iz degres of sudie svprosenant.

Tuninipcal wevel o

JEDOSLIY ASUSV I L oNCS el
vansl his vnifsrme wnc:
the procerties te b evsloa:

that, i

botneon alalilv or :
aud raizueess (e e3eds of

irrolevant
ALfgtetatiy 1

The 1rgnel 25 ¢ whole mas
~ (Beunsgii ot ¢
Ehresheig snd Sheowan,
though ghort galestion and
ve rg clear-cu! efect

piegrams may ha

e ineg Tester
=23 Tre Testars BEST

AVAILABLE
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on lhe parformance of the panel
Sechloabiery ef al, 194).

Special Tasles

Patel members may e chosen an
the basix of hele theeehald sensitivitics
to subelances other than the Dbasie
fastes, and tmined with these sub.
slances. Solulions of insecticides
{Mawson e al, 1053; Gould et ol,
1831), sadium bisulite (Boggs and
Ward, 1050), imitatipn peppers
{Peryxw and Swartz, 1931), and nmacat
extimels {Melcan cl al, 1939) have
been used.

Mowever, cvidenee is ouly limited

mnemnber's threshold velue (Hall er ol,
1959). Mackey and Jones (1934) re-
ported that o judge who wis goed for
tasting  waler solclions would not
necessarily bo a geod judye fur tasting
foods. A judpe who coutd readily du-
tinguish & 1aste in one food wes nol
al\rn,s tble to dislinguish ihe same
I tasie in olner foeds, Jump..tric‘.: et al.
{1957) reporicd that 2 peorson aeulely
seusitive to oné ofi-flaver in reconsti-
{uted dry miik way net be sensitive to
I 2t off-Ravors:
Thresholds for different-festyred
foods with rdded priviziy lastes were
! _/‘Aﬁcclcd hy the type of food, texture,

end levels of coustiiuents added, aud
vatied with cack judze (Mackey and

'T Yalassi, 3950). Thresholds wore lawer
for waler solutions than for the game
sudstances in foods, Camphell ¢ all

{1958) znd Hiaveiner ef ol {1033h)
reporied  higher thresholds for sab-
slanees added to heveriges than fer
1espective  thresholds in water soh..-
tions, Mackey (2935} reported bz
thie zolvent medivm afaels disesmme: .l
of laste subslauecs. Fromary flaoics
aeere cusiesl lo Eetecl = watsr, nexd
in waler aud celivlu.e, and niest G-
cuit in oil .\ppﬂ'c. e subslances
must Cissolve in the sahve lLefore they
ean be tasted.

-Girarde! of ol (1832) staled that
selecling pouels on the basis of sensis
Livily fo the fuur basiz {asles is of
limited value beeause on Iv one {astar

Cof & complex siluation is enusidered,
Those aunthors :cpmhd A mcthed of
seleeting pancl members with the 1na.
terial o he tesled. Procedures usiag
the fond Lo be cvaleated fcv—‘]nnc’t se-
lection have also lccnutirp:;r'lcd Ly
Kramer and Twige {lﬂc’v)-"l\‘loccr

==l all (1930} and W :Ic\ et al. (lJ 3T).

\ le procedures invelve lesting the
wvility of panct members to dizerimi.
nale Lelwreen simples ard/or lo pive
repruducidile  qualitative  judginerts.
The mint telinhle nnd sensilive persons

- ere rudained for the panel.

i

that the aliiily lo detee! differences in .
focds ean he predisted by a panel:

EERE TS

- *

Panel memwbery 2re nleo scleeled on
their abiiily to distinguish edors as
well ps Oavors. Ia gercening over 60O
prople by odor-perecption “and odor.
recognilion) serics, no persen was found
complelely ancsmic (Caul, 1057). Ol
faclory thresholds are apparelly re-
Iated 10 food intake sinee varialions in
thresholds “do not orcur when noon
neals are omitled {Gootsl & al,
1950a). Methods of determining odor
ideolifieations have heen reporfed by
many persens, including Pilgrim snd
Sehulz {1937), Johuston and Sane
doral (196C) and Johuston and Parks
.(1960).
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- EXPANDED STATISTICAL TABLES FOR ESTIMATING SIGNIFICANCE
IN PAIRED~PREFERENCE, PAIRED-DIFFERENCE, DUO~-TRIND AND ]
TRIANGLE TESTS

-

E. B, ROESSLER, R. M. PANGBOAN, L. L. SIDEL snd H, STONE

-

ARSTRACT . Tadle [ -Minimum numbers of correct judgments 1o c.t i h
nilicance at viriovs grobabddity levels for prrreddiffercncs and Ju
trieh teits fone-taded, p = A1*

Two s2ty of expinded tables huve been compiled for vse in deterinining
sailiciee in palred <ifference and triangle tesls (vne-tailed) aad in

paited-prefesence testa (Two-tailed). One set of tadles lists the nuinber Probalin g tesels
of cnrrzel fesponses (ot aptceing judgments) for Lials ranging from No.of " N . —_—
7-1G0, 1t p < 0.05, 0.04, 0.03, 002, 0.01, 0.005 and 0.601. These tials (a} .005 Qo4 003 002 OCG1 0CG5 049,
tablus 216 convenicnt foc a quick wiliniate of significance of Liboratory - " -
semosy data a3 well 25 consumer tesponses. The second set of (ables 7 7 7. 7 7 7
tives the probabilities of obtaining 3 given number of cortect (of 8 7 7 8 g 8 8 i
agreciag) judzments in trials ranging from $=50. These probability 12+ 9 8 8 B 8 3 8 )
bles provide a moce precise estinate of ignificance, wlich may be 10 k] 9 g 9 10 ig 12,
nevded innore critical research or in making decisiung of considerable 11 8 9 10 10 10 1 LRI
" impottance, Seme examples are given, with guidelines for the propec 12 10 i0 10 tJ n 1 it
use of these tubles and the interpretation of significunee based upon 13 10 1 3 11 12 12 13
them, 14 1t 11 11 12 12 13 13
. ' 15 12 12 12 12 '3 3 14
- 16 12 . 12 13 13 14 14 13
TABLES used to determine uignificance in discrimination and 17 13 13 13 i 14 15 16
prefcrence tests usually indicate the number of judgments re- 13 13 14 14 1415 5. Ik
quized 3t only three levels of significance, i.¢., the 5%, 150 and 19 P4 14 15 i5 15 15 7
. - - 0 1S 15 iS 16 16 7 13
0.1% levels (Lloessler ct 41, 1948, 1936). Stone and Sidel 1 5 15 16 6 3 b -z
(1978} have pointed out the inconsistencies in the entries in 22 16 16 16 17 17 18 1
subsequent tables of this type (Amerine et al,, 1965; Lanmoad, 23 iG 17 17 17 18 19 201
1970; Stald and Einstein, 1973), Since these tables appearto - 24 17 17 18 18 12 19 )
have been constructed using different criteriz, it is recom- ¥ 25 13 18 18 13 19 . 20 21
niended that exact probabilities be obtuined from tables of the 26 13 18 19 i3 20 20 2
cinulative binomial probability distribution, or in the event 27 19 913 20 20 21 w2
that such tables are not available, that spproximate probabili- 3,2 ;g gg ;? 5‘3 ;; gg ;i !
ties be computed using the normal curve. This procedure pYs 25 n 21 22 p 23 21 ¢
leaves na doubt a3 to the true probabulity. To be almoss signili- 2 21 21 22 29 21 oz ay b
capt 9t a cerlain probability level is not the same as bemng 32 22 22 22 =3 24 243 %
significant at that level. Assurance of significance of the 33 22 23 23 23 z 25 26
occurrence of aa event at a pariicular level of & requires that ¥ 14 23 23 22 4 25 25 2
the prababilily of the event occurring is equal to or less than 35 23 24 24 2 25 26 rhy
. a. We cannot concur with Basker (1976) that his contsived LI 24 B 75 16 27 ;g
tables of probability for triangle testing by individual judges gg g; ?: gg . 28 i? 3; 29
are z.salis[zctory approxi:p:-.t-iqn which can ‘t'm used “instead of 39 G 26 26 ;; -8 2 a0
Hl\Wlf‘.idY tebles of cxact significance levels. B a0 - 26 22 27 27 z3 2a ot
Since nany investigators prefer, and will contingde to wse, 41 27 21 27 2 29 30 51
tables giving the number of judgments requited for significance . 42 27 28 Pl 2 29 30 32
at varions levels, it is cesirable to have tubles with more than 43 28 %8 29 %9 30 3 12
three probabiity levels. Otherwise, conclusions may Jisregard a4 28 29 29 22 3t W n
valuable infermation. For example, in 46 trials of a triangle 45 29 29 3¢ 30 a2 >
test, 22 cortecl judgnients are required for significance at p < 46 Ja 30 v N 32 33 .
0.05. However, 22 corret judgments are alto significant at p < “; 3? gg g: g“' gi ;': 3;
0.03, which represents vonsiderebly bLetter performiance and :9 I 3; . 12 3§ e 24 o
will be overlooked with tables giving only the usual three levels 0 5 92 a3 a3 54 35 37
of p < 0.08, 0.01, and 0.001, o) 37 18 a8 34y 40 41 a3
Tables for correct judgments 10 43 43 sS4 f5 46 :7 . :q
Table | pives the numbers of correct judgnients required ag fi gi :g ,‘.'g g.} ,'._g ‘;;
for significanue in the paired-difference and duo-trio tests. ‘go ; ;9 60 6o ;1 G3 o G5
- & Values (X} not appeanag a 1zble amay e rlcnlmd tegn:
Author Roesler is with the Dept. of Alsthematicr, Unw. of California, KXo lz ot 0 #1142 See taxe. '

Davis, CA 95818, Author Pangborn it with the Dept, of Food Sricnce
& Technalogy, ijnis. of Califoraia, Davis, CA 95616, Avthors Sidel and

Stane ate with Tragon Corp., Palo Aljo, CA 94302, . . o .
- “TMese 2re onc-tailed tests 3 nuly one respuiae i ».q'u...r, an :.
u 3% {Amerine ¢l l., 1vAS), Talle 2wt The sanw m['mu‘..:ll‘ 3;
= 1 f5, [abic M1

Y

VU22-1147/78/0003-0040502.2570 | L4 .
O 1973 [nstitote of Food Technulagnts for the Lriangle test which is one-tailed with p .
for use in paired presentation fur preferonee whivh
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;-),;, 2 wplininiun Rumbers of coerect ;udgmenu to estadlizh sige
ailicance 21 rarious prodability levels for the triangle (est fone.
taited, g = /72 .

Probabitity tevels

No.ol  ceem ——
wish{nl 005 004 003 002 ©01 0005 000
. 5 4 5 5 5. 5 5
6 5 S 5 s 6 6
7 5 5 & 6 5 ? 7
8 6 § -3 & 7 7 8
9 6 7 7.7 7 8, 8
10 7 7 7 7 8 g8 -8
N 7 7 B 8 8 8 10
12 B 2 g B g 9 10
13 8 g ] 9 g 10 1
14 s $ 9 9 10 e "1
15 g g 10 16 10 11 12
16 9 0 10 10 11 1 12
17 6- 10 _ 10 1 11 12 13
18 A0 11 1 1 12 12 13
19 1 1 11 12 12 13 14
20 11 1 12 12 13 13 14
21 12 12 12 13 13 14 15
22 12 12 13 12 14 14 15
23 12 13 13 13 14 15 18
24 13 13 13 14 15 15 156 .
25 13 14 14 14 5 16 17
25 14 14 14 15 15 16 17
27 14 14 15 15 16 17 18
28 15 15 15 16 16 " 18
28 15 15 16 18 17 17 13
.30 .15 . 1B 15 18 17 18 19
3 16 i5 - 18 17 8 18 20
a2 16 16 17 17 18 19 0
a3 17 17 17 18 18 15 21
4 1?7 17 18 18 19 .20 21
35 17 18, 18 . 19 19 ) 22
36 18 18 ie 19 20 20 22
.37 18 13 - 19 19 20 .2 22
38 19 1% 12 20 2 -2t 23
39 13 19 20 20 21 22 23
40 19 20 20 2 2t 22 23
4y, 20 20 20 21 22 23 24 .
42 20 20 21 21 22 23 25 °
43 20 2y 22 23 24 25
44 21 21 72 22 23 24 25
45 21 22 22 23 24 24 26
45 22 22 22 23 24 25 27
47 22 22 23 23 24 25 27
23 22 23 23 24 25 26 27
43 . 23 23 24 24 25 26 28,
£3 23 24 2¢ a5 26 26 28
&0 27 27 2 23 20 n 3
50 31 33 az 33 34 35 iF)
£0 35 as 38 23 38 33 41
0 ag 39 49 40 42 43 45
100 42 43 43 a8 45 47 49

" Vatues {X] naot appearing in fablz may be Cerived lrom:
_ X = 04718 2 /AT (120 4+ 3Y/5). e texe,

tailed {as cither sample may be preferred) and p = % (Amierine
et 2l, 1965), For numbers of trizls not shown in the {ables,
mnnlwrs of required judguenis may be oblainzd from tables
of tf:c cuniufative binomial prebabilities o, excellent appioxi-
mations may be compuled from (he jollowing formulas:

TablesJand X =2 /n+n+ 1)/2

Tabte X = 04717z~.

\

+ {20+ 6] .

Tabl# I~Menumum pumbes: D1 357500y (4wt F=ciu, FEeTand™y oy ¢, =
ubh;h tignilicance at various probabinty Icw.-h for the pasircdprefer.
“ence 1est [two-taited, p » K]

P Lty lewel
No. of tobability leveis _

trals ) < gos 004 003 002 061 0005 ooor 7 ¢ l
? 7 7 - 2 7 bt
-8 B -8 .8 8 3
) 8 8 8 - -9 g 9 P
10 9 9 9 10 10 - 10 . 1
1 10 10 10 10 f"non 11 J
12 10 10 11 1 11 127 12
13 1 1 1 12, 32 12 13
14 12 12- 12 12 13 13 14 '
15 12 12 - 13 13 i3 14 14
16 13 13 1 14 14 14 15 !
17 13 14 14 14 15 15 18 !
18, 14 14 15 15 5 16 17 zl
- 15 15 15 is5 16 16 17 ]

. 20 15 16 15 16 . 17 17 18 ,
21 6 16 16 17 17 18 9 - !
22 17 17 17 17 i3 1B 19 £
23 17 17 18 18 15 19 20 5,'

24 1 1 18 19 8 2m i
25 I8 19 18 19 23 20 2

26 18 19 18 20 ] pa 22
27 20 20 20 20 r3 22 k
28 20 20 21 21 22 22 7 )

25 21 21 2t 22 22 : ’
.2 22 2 22 22 24 25 .

N 22 22 22 23 24 24 5 l
3z 23 23 23 23 4 25 25

3 23 23 24 24 5 75 27

34 24 24 24 25 3 r Fal '

35 24 25 . 25 25 26 27 23 i
as 25 25 25 26 27 27 29

37 25 26 | 2% 26 27 28- 23

38 26 ‘28 27 27 22 29 30 .~
38 27 27 7 28 22 pL N

40 27, 27 .28 28 b2 30 31“--..__/'1
41 28" 28 23 29 3% 39 32 :
42 28 " 29 29 29 e} 3t 37

43 29 29 30 30 N 32, 11 N
44 29 30 30 k] N 32 a4 .
45 230 30 n 3t 32 31 K )
45 31 n 5N 32 33 a3 a3

a7 3 31 32 32 .33 34 35

48 az 32 3z 33 X 35 35

49 32 33 3 34 34
50 33 33 34 34 35 et} a?
&0 33 39 ] 40 . 41 42 &4

70 44 45 45 45 a7 43 £
2] 80 50 51 51 52 53 55
20 55 58 56 57 £3 59 &1
100 &1 61 52 63 €4 65 &7
ayzlues (X! nol appeannd in ladle may Se Qerives o~

X = {2 J/n#n+ 112, See texe. -

where 1 is the number of trisls, and the minimum puinber of
correct (apeecing) judaments is X, if X s » whole rumosy, ¢
the next hizher integer it X is no! 3 whate number, and wizis
zis taken from the fallowing table.

Valuesnfz —

Probability (o) 0.05 004 003 0.02 0,01 0.005 0CC
Tables 1 and 2 1.64 1.75 1.58 2.05 233 258 310 —
1.96 2.05 217 233 2:38 281 330 -

Tabled
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. 2n example of the use of the formulas for values ex-
ing tabular entries, consider the casz of preferences be-
1 two canned meats by 150 consumers. Since Table 3
! ds only-to n = 100, onc would apply the formuta for the
d-preference test (two-lailed, p = %):
. n
' (4]
zVISO+ 150+ 1 v -
x=—.—.———-—— [ O
- “
. . ey o
mserling the z vzlues corresponding o probabilities of 0.05, =
W04 0.03, 0.02, 0.01, 0.005 2nd 0.001, the minimum num- o ———
tr agrecing judgments (X) arc 88, 88, 89, 50, 92, 93 and 5 4ol
spectively, © . !
. Py o m—
- - L Chance probobili
abies of probabililies s 30 ' e LA
. .y . . 1
PRGN blcs 1-3 arc convenient to consult for quick cstxm:!c_s_of. 20t «w=-— Chance probobilily = -
L weance, For much grealer accuracy, exact probabilities
ould be calculated as recommended by Stone and Sidel 10}
1978). Tables 4, § and 6 list ke probabilities of obtaining X o) PSS TN N T TN DN S SN B
ore corcect responses {one-tailed) or agrezing judgments O 10 20 30 40 S0 60 70 BO SC 10

tailed) in n trials.! Note that the initial decimal point has
cen omitled in the body of the tables o save space, i.c,, the
s of 969 should be 0.569.
an cxperimenter collected 50 pawed comparisens to
— mine i an expert panel could detect the azdided vanilia in
pudding mix, and obtained 31 ¢orrcel responses, consultas
0-gol Table § would lead him to conclude there was no
‘icml difference, ie., nal significant at p < 0.05. llow-
: consultation of Table 4 shows that the probabiity of
blaining 31 out of 50 judgmuents in 3 paited-Jiffeeence test by
L slone is 0.059. The experinienter would aot only be
[ dvcurale in reporting that there were significant dif-
enhces between the pudding formuias st p = 0.059, but
ight change s mind regarding 4 “'go, no-gu™ decision vn the
huct, If he s willing to take a chance ot the 5% lewel, te,,
cing wrong five {imes out of 1 hundred trials, might he
Iso be willing to take 3 chance a2t the equally-arbiteary
St-off of 5.9%7 . -
understanding of probability ix cmential for the correct
[ these tables in order to 2void musinterpretation of the
Hicunce of tesulls from sentory testing. Furthermore, Jis-
retion 15 aceded in the internretation of o in thae tables, For

Number of observaolions

Fig: 1=Plat of the percent carrect responses nc.!.‘::t:ry for signiti-
cance at p < 0.01 for ane-tailed tosts when €hanT probabulitics 40
1/3 ftrizngle tests) or 1/2 {(pured-diffcrence testsl. Rrpriaced fronr
Ameorine et al. [1965) with permission from Acatltune Preg, Now
York,

example, for n = 20, the ame vajues apply for 1 jdpge ™
20 sessions as for 20 judges X | session, but the interpoetate
ol the result, obviously, ts Jifferent. . B .
Tibles - 3 list the number of currect decisions fur 3 prass
mum n of 100, lloweyer, these values should nat h‘. ns
construed a5 recommendativnas for the maxinun or BN
number of Uials, In maost situalions, in (act, discruminabnes
testing fequires less than 50 trals tn order lu‘rc.u:h 3 rehat b
and valid deciuon. It is important to reeognize that as .u‘
creases, the pereent correet observations nccd.cd foj statitia
signilicanee deereases, but in a nanlinear fashion, Figuie | r-.
graphiv representation of correut fespanses needed fur sapae'd
cance al p < 0.00 fur chynce probabilitws of Yo (parad fosin!
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and 13 (triangle (esls), showing that beyond an n of 30, the
pereent correct responses changes very slightly.
In Tables 1 and 2, for n = 100, note that only 59% correct

--Tesponses 2r¢ required in a paired-difference lest, while only

- significance at p < 0.05, Statistical significance s achieved, n ’W
from a prectiéal point of view, this may nol he an impostant -7

" difference, 33 in both cases, only nine correct decisions a>ove
chance are necessary to be significant at p < 0.05. The be-
havioral implications and interpretation of statistical tssis




iEXPANDED STATISTICAL TABL.ES "FOR ESTIMATING TESTS ... From page 943 : <

Eﬁu‘nd well beyond the relatively straizhtforward computation
[t

o eslimation of stalistical significanve. Texts by Edwards-

um,s), MecCall (1970), Huff (1974) and Reichmann (1961),
@:uns otlers, provide extensive statistica! informalion and
‘rununcnda!mns for applications to the bchawora! sciencas.
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338 Sensory Evaluation Techniques

TABLE T7
Triangle Test for Difference: Critical Number (Minimum) of Correct Answers

Entnies are.the minumum ausnber of correct responses required for significance at the stated significance
level f1.¢.. column) fur the corresponding number of respondents “a" (1.e., row) Reject the assumption

ol "nod L [ T © .« pesponses 15 greater than or cqual to the tabled velue
Significance level {%) Significance level (%)
n 10 5 1 0.1 n 10 5 1 0.1
3 3 3 —_ — i 13 14 15 17
4 4 4 —_ _— 27 13 14 16 124
5 4 4 5 —_ 28 td 15 16 18
9 id .3 r 19
3 14 13 1" 19
6 5 5 6 — 31 15 i6 18 20
7 5 5 6 7 k7 15 16 18 20
8 5 5 7 B i3 15 17 18 2l
9 6 6 7 B M 16 it 9 21
10 6 7 8 9 3s 16 17 19 2
11 7 7 8 10 36 17 14 n 22
s 12 7 8 9 10 42 19 20 22 25
13 8 8 9 11 48 21 22 25 27
14 8 9 I0 3] 54 23 25 27 an
15 8 9 10 2 60 26 27 M} 33
16 Ed 9 D 12 66 28 29 32 35
17 g 10 Il 13 72 30 32 34 38
18 10 10 12 13 78 ks 34 37 40
19 0 1t 12 14 84 35 36 a9 43
0 10 I 13 14 90 a7 38 42 45
96 kL 4[ &4 48
21 1 12 i3 i5
22 1! 12 14 5
23 12 12 4 16
“ 12 13 15 16
5 2 13 - 15 i7

Nore. For values of n not in the table vompute z = (k — (£, )n)V(*/.)n, where k is the number of correct
answers, Compare the computed value of z to the critical value of a standard normul random vanable,
i ¢.. the values in the last row of Table T4 (z, = ).

Lt
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TABLE T8
Duo-Trio Test for Difference or One-Sided Paired Comparison Test for

Statistical Tables

Difference: Critical Number (Minimum) of Correct Answers

339

Entrics are the mumineum number of correct sesponses required for significance at the stated sigmlicance
level (i.e.. column} for the comesponding number of respondents **n™" (i.¢ . row). Reject the‘dssumption

of **no difference’” if the number of corect responses is greater than or equal to the tabled value

29
30

Significance level (%)

10

A

G0 =3 ) O Oh

9
9
10
10
1l

12
12
13
i3
i4
14
15
6
16
17

17
18
18
19
20

3

ta

L - e E )

9
10
10
i
12

12
13
13
14
15
15
16
16
17
I8

18
19
19
20
20

1

Q0 o=

]

10
3
12
12
13

14
14
Ls
15
16
17
17
18
{9
19

20

-20

21
22
22

0.1

1
12
3
13
i4

15
16
6
17
18
iR
19
20
20
2l

2
2
23
4
4

A
33

35

SER87

TEEZA

100

Significance level {%)

23

27
29
32

34
36
38
40
42

45
47
49
51
53

55
57

5

1

23
24
24
35
25

26
28
31
33
15

ki
40
42
45
47

49
51
54
S0
58

60
63

0.1

23
26
26

-t

27

28
3
33
36
38

40
43
45
48
50

52
55
57
59
02

Note: For values uf n not in the table compute z = (k — 0.5 n¥V/0.25 n, where k 1 the number of
careet answers. Compare the computed value of z to the entical value of a standuard nomal random
the values iy the last row of Table T4 {2, = . .).

vanable, Lo,
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Entties are the mimmum oember of sorest reaporses nauend oor
level (i.e., cowmn) Jor the comesponding numper of fespundents ' * (1.¢., row). Reject the assumpiion
of "no differance’” if the number of comect responses is greater than or equal to the tabled value.

25

26
27
28
29
30

Nonres For valyes of n not in the table compute z = (k — 0.5 nMvD 25 n, where k is the number of
cormrect enswers. Compare the computed value of z to the cntical value of a standard normal random
variable, 1.e., the values n the last row in Table T4{z, = 1, .).

Sensory Evaluation Techniques

SIgnH’Eﬂnce level (%)

TABLE T9
Two-Sided Paired Comparison Test for Difference: Critical Number

(Minimum) of Correct Answers

10

18

19
20
20

L3

19

20
21
21

1

[=J¥-1. ]

3]
I
12
13
I3

14
15
i5
16
i7

17
I8
19
19
20

20
21
27
2
23

31
A2

33

as

SERBR

76

88
92

100

aviean.e at the stuted sienie g, s

(3]

Ty
1

23

24
26
28
3
33

35
37
40
42

46
48
51
53
55
57
5%

Significance level (%)

5

22
23
23
24

24

25
27
29
32
34

36
39
41
43
45

48

52
54
56
59
61

1

24
24
25
25
26

27
29
k]|
34
38

39
41
43
46
48

52
55
57
59
62

ol

2t

27
28

H
34
36
39

41

46

48
5!

53
56
58

63
65
67
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Statistical Tables 1

TABLE T10
Two-out-of-Five Test for Difference: Critical Number (Minimum) of Correct
Answers

Entnes are the minimum number of correct responses requured for sigmficance ar the stated significance
level {3 & . column) for the somespond 2g manner . fre ~orgets 10 2 - wd R eot the sevumpip q
of “'no difference”” 1f the nuINDET VT WOIECT FPatRes 18 2redid Thal F Jtoal M0 1Uwa Yaiws

N Significance level (%) Significance [evel (%)
o n 10 5 1 0.1 n 10 5 1 0.1
2 2 2 2 - % 7 8 9 1
b 3 2 2 3 3 37 7 8 9 1
: 4 2 3 3 4 8 7 8 10 11
3 5 2 1 3 4 3y : 8 10 12
10 7 3 10 12
I - é 3 3 4 5
7 3 3 4 5 41 8 3 10 12
E s 3 3 4 5 42 8 9 10 12
9 3 4 4 5 13 8 9 10 12
i ¥ 10 3 4 5 6 ET] 8 9 1 12
. 45 8 g il 13
i 11 3 4 5 3
= =l 12 4 4 5 6 46 8 9 I 13
P 13 4 4 5 6 47 8 ¢ 3 13
N 14 3 4 5 7 i3 9 9 11 13
o 3 15 4 ] 6 7 49 9 10 1 13
s 5 9 10 H 14
16 4 5 6 7
- 17 4 [} 6 7 9 10 12 14
S 18 4 5 6 ] 52 9 10 12 14
: 19 5 5 6 3 53 9 10 12 14
i 20 5 5 7 3 54 9 10 12 14
g - 53 9 10 12 14
t f 21 5 6 7 8
- 2 5 6 7 8 56 10 10 12 4
I 23 5 6 7 5 57 10 11 12 15
24 5 6 7 9 58 10 11 13 15
’ 15 5 6 7 ] 59 16 11 13 15
- . 60 10 1 13 15
26 6 6 8 9
B 27 3 [ 3 9 70 1 12 14 17
8 6 7 8 10 80 13 14 {6 18
29 6 7 8 10 %0 14 15 i7 20
' 30 6 7 8 10 100 15 16 19 21
31 6 7 8 10
k¥) 6 7 9 10
3 7 7 9 il .
— 34 7 7 9 1t
kT 7 B 9 1n

Note: For values of n not in the table compute z = (k — 0.1 a)VV0 09 n, where k is the number of
correct answers. Compare the computed value of 2 to the critical value of a standard normal random
vanable, 1.¢., the values 1n the last ow n Table T4(z, = 1..).
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Accept the null hypothesis of no difference with 101 — @)% conflidence 1f the number of comect responses
is Jeas than or cqual 1 the number in the table that corresponds 10 the spe.. wt values of o, B, and py, where

Sensory Evaluation Techmques

TARBLE Til
Triangle Test for Similarity: Critical Number (Maximum) of Correct Answers

pa is the proportion of the population that can disunguish the samples

18

21

Py

33

3%

42

Note: For values of n not t1n (he table calcuiate the 1001 -~ B)Y% upper one-tailed confidence interval —
(1.3¢xm) = 05) + (1 5)zaV(ax — x7)/n’, where X 1s the number of correct answers from the study,
n 15 the number of respondents. and 2, 1 the upper-B enuical value of a standard normal deviate. It
may be concluded with 1001 ~ B)% conflidence that the true pruportion of distinguishers in the
population 15 not greater than the calculated value. To find z;, use the lost row of Table T4, subsututing

0.001
0.01
0.05
0.10

0.001

0.01
'0.05

0.10

0.601
0.0}
0.05
010

0.001
0.01
0.05
0.10

0.001
0.01
0.05
0.10

0.001
0.01
0.05
0.10

0.001
0.05
0.05
0.10

0.001
0.0l
0.05
0.10

0.001
0.1
0.05
0.10

a for .

Pa
0.15 0.20 0.25 0.30
- —_ —_ &
—_ 7 7
— —_ —_— B
—_ _ g 9
- — —_ 9
—_ _ 9 10
- -_— 10 1
- 10 10 1l
—_ —_ 11 12
-— 1§ 12 13
— - 1R i3
—_ 12 13 14
—_ — —— i3
—_ — 13 15
_— 13 15 1]
— —_— — 14
—_ — { it
— 14 16 17

45

51

57

72

78

0.001
0.91
0.05
0.10

0.00%
G.01
0.05
0.10

0.001
0.01
0.05
0.10

0.001
0.0t
0.05
0.10

0.001
0.01
0.05
01w

0.001
0.01
0.05
0.19

0.001
0,01
0.05
0.10

0.001
6,01
0.05
0.10

0.001
0.01
0.05
0.10

P

0.1% 0.20 0.25 30
—_— p— P 15
_— ES t6 17
- 16 17 19
— —— —_— 17
— 16 17 19
17 19 20

— — 18
-_— 19 20
17 20 22
—— _ I8 . 19
—_ 18 20 22
I8 20 21 23
— _ 19 21
— 19 2 23
I3 at 23 25
— —_ 20 n
—_— 21 23 25
20 n 24 26
-— — - 22
—_ pa— 2} 25
23 25 a8

az 25 27 2y
— — -—_ 24
— — 25 28
— 26 i3 Rit]
25 2y 30 a2
—_— —_ — 27
— i 2H M
26 28 3l 33
27 30 32 i5




Staristical Tables

TABLE T12
Duo-Trio Test for Similarity or Two-Sided Paired Comparison Test for
i Similarity: Critical Number (Maximum) of Correct Answers

Accept the null hypothesis of no difference with 1001 — B)% confidence if the number of correct responses

343

?'_ L e R M- =c* i the *-~le that correspoids ¢ the specetiad valucs or n. B, and p,. woers
£ P, 13 the proponion ot e populaton that can disunguish the sampies
1: D By
1 n B 0,15 020 025 030 n B 615 020 025 0.30
&
" 24 0001 — @ — - — 5 0001 — @ — - =
0.01 —_ — — — 0.0t — - — —
] 0.03 — — — — 0.05 — —_ 28 29
0.10 —_ — — 12 0.10 —_ 28 29
28 0.001 — — - — 60 0.001 — — — —
0.0t — — — — 0.01 —_ — — —
I 0.05 — -— e — 0.05 — — 30 32
N 0.10 - - — 14 0.10 —_ 30 32 33
X 2001 — —  —  — 6 00 - = = -
I-ﬂ 0.01 — — — — 6.0t — — — 32
R 0.08 — — — - 0.05 — — 33 34
g 0.10 - — — 16 0.10 — 2 34 36
l ’ ¥ 0001 — —  —  — & 000 — - @ @— @ @—
4 0.01 — — - — 0.01 —_ —_ — 34
i 6.05 — — — 13 0.05 -_ — 35 37
: 0.10 — — 18 9 0.10 — 35 36 38
) 0 001 — - — — 72 0001 — — — -
0.01 — — — — 0.01 — — _— 36
0.85 — — — 20 0.035 - - 37 39
l 0.18 — — 20 21 0.10 —_ 37 39 4]
H 0.001 _ _ _ —_— 76 0.001 —_ —_ —_ —_
0.61 - —_ — — 0.01 — — — 39
0.05 — — — 22 . 0.05 — 38 th 41
0.10 —_ — n 24 0.10 —_ 39 41 43
18 0.001 _— _— — —_ 80 0.061 —_ —_ _ —_
0.01 —_ — — — 0.01 — —_ - 41
0.05 - - -_— 25 0.05 — Q0 42 44
0.10 - - 25 26 0.10 — 41 43 46
52 9.001 - — — - 34 0.0001 — — — -
0.01 —_ - - —_ 0.01 — — —_ 43
0.05 — - 26 27 0.05 — 42 44 46
0.10 — 26 27 28 0.0 — 4 46 48
l Note. For values of n not 1n the table calculate the 10{1 — B1% upper one-tailed confidence interval —
(2(x/n) — 1) + 2)2,V(nx — x*Wn’, where X 18 the number of correct answers from the study. 1 1s
the number of respondents, and z, is the upper-p critical value of a standard normal deviate. It may
be concluded with 100(1 - B)% confidence that the true proporuien of distinguishers in the population
1s not greater than the calculated valve. To find 2z, use the last row of Table T4, subsdunng a for

8.




LABORATORIO No. 3

ANALISIS DESCRIPTIVO

OBJETIVO

Demostrar las etapas incluidas en el andlisis descriptivo de un producto
alimentario: seleccidn y entrenamiento de panelistes, desarroilc de un listado de
atributos a ser evaluados, desarrollo de escalas apropiadas para medir esos atributos
y evaluacion de las muestras utilizando esas escalas.

MATERIALES Y EQUIPO

- Muestras producto
- Estdndares para definir términos
F - Boletas

i PROCEDIMIENTO
1. El instructor dara informacidén general sobre el producto a evaluarse

2. El estudiante evaluard las muestras proveidas e identificard términos que
caractericen el producto en cuanto a apariencia, sabor y textura. Un término
de apariencia, 2 de sabor y 3 de texturaa seran suficientes en esta practica.

3. Cuatro subgrupos serén formados. Un miembro de cada subgrupo recogera la
informacién generada por los 5 miembros y hara un listado, tratando de eliminar
términos que sean redundantes.

4, Una discusion general serd llevada a cabo, donde el encargado de la practica:

a. Pedird a los lideres de los subgrupos el listado de los atributos
sugeridos para ordenarlos en secuencia ldgica en la

pizarra.

b. Discutird con los participantes, qué términos son independientes y
cuéles son redundantes {que describen ia misma

caracteristica).

¢. Obtendrd un consenso general de los términos descriptivos
desarrollados para este grupo de productos.

5. £l grupo y el instructor decidirdn qué pardmetros deben med.ise en las escalas
lineales no estructuradas y seleccionaran los términos que indiquen el.nicio y
final de cada escala. Adicionalmente se podrdn utilizar escalas con el método
"Spectrum”, donde el evaluador escribe el nimero que indica la intensidad

-—__,..—
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percibida.

6. Ejemplo de productos o materiales a usarse como estddares para ejemplificar
los puntos finales de algunas escalas, serén presentadas y definiciones de cada
término serdn dadas. {En situacion real, los panelistas deben volver a evaluar
las muestras presentadas auxilidndose de los estdnderes para comprender el
significado de los términos.

7. Cada estudiante evaluara las muestras y describird la intensidad en las escalas
desarroliadas en el punto 5, utilizando Ia boleta disenada para.eilo. Discusiones
de grupo seran llevadas a cabo para definir términos, eliminar términos
redundantes, v lograr més homogeneidad entre los panelistas.

8. Medicidn de las escalas lineales para conocer la intensidad de cada uno de los
atributos. Tabulacién de datos.

9. Andlisis de datos utilizando estadistica descriptiva, diagramas ce estrella y
andlisis de varianza.

CONCLUSION

Ei método de analisis descriptivo utiliza panelistas entrenados que tengan cierta
experiencia con el producto que se evalla. Se requiere que el grupo de panelistas sea
capaz de seleccionar y definir aquellos términos que son importantes en la
caracterizacién completa del producto. El grupo debe construir las escalas que
presentardn un rango de intensidad para cada uno de los atributos a evaluarse y debe
ser capaz de usar las escalas para evaluar consistentemente las caracteristicas en el
rango de productos descrita,

En esta practica se haré descripcidn breve del uso de este método. Descripeion
en detalle asi como uso de diferentes productos y analisis estadistico més sofisticado
se dardn en un curso de Andlisis Sensorial Avanzado.



. v

DESCRIPCION DE TERMINOS

Por favorescriba 10 palabras que usted crea puedan describirlas caracteristicas
de apariencia, aromaticas, sabor y textura de las muestras. Evite el uso de términos
afectivos como "bueno", "malo™, "agradable”,"desagradable”, etc. o términos que
describan el producto tal como "sabor a...”.

Utilice la boleta que se le presenta a continuacién. Escriba los términos en la
columna de la izquierda y evalde |la presencia de ellos en ¢/u de las muestras, haciendo
una marca (X} en la linea que corresponda. Todavia no evalle intensidad.

——.g
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Panelista No.

ANALISIS DESCRIPTIVO

Producto

CARACTERISTICAS

APARIENCIA

CODIGOS DE MUESTRAS!

AROMATICOS

GUSTOS BASICOS

TEXTURA

SENSACIONES BUCALES

SABOR RESIDUAL




PRUEBA DE PREFERENCIA

Por faver ordene las muestras de acuerdo a preferencia. 1 La mas
aceptada y la 2 la mcnos cceptada.
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EVALUACION DE INTENSIDAD

INSTRUCCIONES

1. Desples de conocer los puntos finales ce las escalas, evalde la intensidad que
las muestras tienen para cada una de ‘zs diferenies caracteristicas.

2. Evalle las muestras en el ordenasignado, escalas lineales no estructuradas para
cada caracteristica escribiendo sobre la escala pequenas lineas verticales en &l
punto que mejor describa la intensidad percibida para cada muestra. Escriba el
codigo de la muestra sobre cada linea vertical.

3. Método Spectrum

Utilizando Ia boleta con los abributos definidos, escriba los ndmeros {dei O al
15) que mejor describan la intensidad percibida en cada una de las muestras.



ORDEN DE EVALUACION



TABLA PARA TABULACION DE DATOS
ANALISIS DESCRIPTIVO

Pzanelista No. MUESTRAS
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“picture’” of hew 2 product tastes and, thezefore, is very
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panel. To interpeet the graph, rezlize that the center point
represents zero oa the descriptive scale, and poinis rdiae
ing outward from the center 2-¢ increasing in magnitude,
Oa this particuler greph (Fig. 1), the test product A-$
is significantly sironger than the arget in oily and toasted
womas, and significantly weaker in total flavor streagih,
The flavor graph clearly illustrates that the two products
do not smell or tsic the same.

It is imponant 10 note that not all differences on the
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l favor profile are statistically significant (i.c., flour/
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doughy aroma 2nd flavos), zad that the relatve impee
tznce of cach zuribue may ke different. For examg's,
a statisticelly s:g-s.f'c:nt difference between the !:.‘_:;cl ~d
iest A-5 (Fig. 1) In sweainess would be considered loss
severe of 2 problem than a stalistically signilicant differ-
cnce in bitermess.

Deseriptive Anzlysis is most often used as a lechaical
tool 10 2id in development or impravement of a precuct,
2s well as 1o delincate pmbian areas in shelf-life. It is

very useful in heiping (o understand the sensory quaiius
of a prowcr Bur it is not the 3ppropriate tesi 1o o used.
whc': _prefereace or accep abuh:y judgements are .'cq--x.':d.
"hc dcscr.gmc ana[ys:s technigue c2a be used most satic-

!’acwnly however, in conjunclion with hedonic tests 0

'cxplam :fl’c:.wc Tesults. In the food and flavor industry,

Dcscnp.wc Analysis can be apphed o the following
seven 2clivities,

PRODUCT DEVELOPMENT

Descripiive Analysis provides 2 wealth of vital in:’or-
mation 1o the food technologist or Navonst. Injtially, {
descriplive panel provides a deseription of the sclcctcd
target (Fig. 2). and/or compstitive products (Fig. 3). This
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information provides the technologist with the necessary
f.‘li.rcclion he/she needs 10 take to match the sensory qual-
Hies of the target. As product development progresses,
the descriptive panel provides continual guidance to the
lc_chnologisr. helping 1o aim formulations in the desired
direction, The objective asscssment provided by the de-
scriptive panel is particularly imponant ducing this phase
of product development, because the food technologist or
flavorist becomes casily fatigued or biased when evaluat-
ing histher own *creation.”” The tasget profile provided
vy the descriptive panel assures & more rigorous product.-
evelopment effont, as 2 predefined target has to be suec.
sssfully matched,

Finally, when the product development objectivé has
>eqn achicved and pilot-plant scalc-ups are underway, the
Jescriplive panel is used to confimm that a0 changes in
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sensary - quality have been caused by the seale-up (Fig.
4).

SHELF-LIFE

New and reformulated products ofien need 1o br tested
1o determine their estimated shelf-1ifz, This lesting gener-
ally involves microbiolegical and sensory analyses. The
deseniptive pancl provides the feed technologist with de-
tailed descripiions on how the celor, aroma, flavor, and/
or texture of the product change over time, If orly a sim-
ple difference test {i.e., triangle or duo-Urio 1est) were un-
wisely used, 2 product might fail shelf-life testing when
it was acrually improving wiih 2gc (i.c., winc or vanlia
extract) Similary, a descrpiive panel is uniquely suited
to point out the deieriomtive changes or undesicable sea-
sory qualitics that might (Fig. 5) or might not (Fig. 6)
develop with product aging. While chemical iesis are
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scriptive panel can provide an accurate assessment re-
gurding whether 2 product really has “‘improved™ in one
or more qualities, Docs the “'new improved’ laundry de-
lergent significantly increase the softness 2nd color of
laundered jtems? Doces the new imitation vanilla extract
smell and taste exactly like the natural vanilla excract
(Fig. 11)?

In 2 similar vein, there i¢ 2 significant amount of inters
est in reducing caloncs, fat, sodium, and sugar in food
products today, Difference (i.c., tiangle, dvo-trio, paired
companson) lcsting will indicate whether or not the *'re.
duged™ product is different from the original product, but
often it is virnually impossible 10 reduce product con-
stiuents significantly without altering flavor, texwre, of
appeanance, Differences in Navor between an original

_product deveicpment team_regarding  whal, “‘loa_
meant. The orginal and the reduced fat

produet and 2 “‘reduecd sodium'' formulation may be
perfectly acceptable as long as the reduced sodium prod-
uct maintains a good Mavor/texture balance with no unde-
sirable chanacierstics. Again, to accurately tesz for such
mtcgmy, an acceplance panel is required. However, dur-
ing the reformulations, excellent and cost<onscious gui-
dance can be provided through a trined Cescriptive
panel,

Additionally, the descriptive Ppancl can l‘clp slain lh:__
results of a consumer tests, For cxampfc. il nsy

_test indicated that a rcduccd fzt product was "too :1.1 v
2 bained dcscnp'wc pancl could prov;d. a3 gH! lo_the

thia'™;

predocs mighi
be equally viscous, equally chewy, but ine reduced fa:.
product might leave less aily mouthcoating: giving the
impression of ** thianess.”"

QUALITY CONTROL

A descriptive panel is sometimes used for reiine moa.
itoring of production outpu:. The dCS»FPu- nane! can
compare the production samples to quality refzrznce swon-
dards aad determine whether 21y notewenihy ¢
exist. The major bencfit of vsing a deseriptive p::cl for
quality conwrol is the **commitiee decision™ Lher the panel
can offer. The expent panel can offer well-vzizned 2dvice
on whether or not to reject 2 questionzble sredziztion
baich based upon sensory eualities alone. For guality
cantrol work, a full-seale deseriptive panel ¢f 10 mem-
bers is not zlways necessary; for routine maziioing, 2
smaller-scale panzl of 45 expeiis may be adequaiz,

Scnsory quality control can also be mesitered by
roctine difference testing, Whea a significas: Zifference
is found, the descriptive panel can be usad 3 define the
exact naturs of the diffzrences.

When a triangle panel found a statistically sigaif cz’::
difference betwesn a production lot of dehydrzied s
and the quality reference standzrd, a tmined Czseniptive
pansl was abie to reveal that the production simpiz was
slightly 100 "loasted,”” in fact it was slightly cemt (Fizg.
12)! The panel recommended rejection of the lor.

QUALITY ASSURANCE

D-'ﬁning “quality®” is always‘a difficulr task, but a de-
scriptive panel can help in this regard. If for imstance,
2 **high quality’ pair of blue jezns needed 1o e defined
3 descriptive panzl can review the varous ferms, ty,.c:s.
styles, cte, of blue jeans {ignoriag cost} 2nd re2ch 2 con-
sensus on whal cxactly constitutes a “'quality™ paic of
jeans. This process caa, of course, be applied equally *
well 10 food products, Figures 13, 14 and 15 ilusirzic
guality standards chasen for onion, black pepper, and

vanilla extract.

Once *“*quality'” has been defined, the panel can select
reference standards for future training and testing. The
pancl can moniter incoming raw materals and dsterming
whether or not (hey meet the quality specificasions (o7

JQURRAL OF FOOD PROTECTION, YOL. 47, MAY 1984
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sensdry chamcteristics (Fig. 16}, A descriptive pancl can
tlso be used 1o monitor the quality of competilive prod-
vets {Fig. 17). For routine monitoring, a smail-scale de-
seriplive panel of 4.6 members may be adequate znd

more desirzble. The role of sensory evaluation in product

qualily assuranie was reviewed 2t the annual ‘mecting of
the Institute of Food Technologists. (2,7,10,16)

SENSORY - INSTRUMENTAL
CORRELATIONS

The vse of instrumentai methods for supplementing or
teplacing sensory methods has proven a valuable practice.
Sensory pznels are expensive and not always available,
and panelists ¢2n become fatigued with routine testing.
A wide varicty of objective methods, including gas and
liquid chromatographs, texturomelers, and chemical 2s-
s2ys have bzen uced to compliment sensory panels.

To calibrate the instrument, strong correlations nzed o
bs determined between the seasory and the objective
methods. To achicvs strong comelations, a panel trained
to be precise ard 2ccurate is necessary (14).

Yery good results have been achicved in corvelating
sensory and instumental methods for texqure evaluadion,
using such instruments. as the Insiron to predict chewi-
ness, cohesivencss, britileness, ete. and the Brockficld
viscomater to predict viscosiry (8). Commendablz resuits
nave also been obiziaed in comelating sensory 2roma and
flavor assessments to gas and liquid chromatographic
data, eolor (i.e., Hunter Colorimetsr), moisture, and vol-
- atile oil content (4,6,8).

he

Trained panels can 2lso be used for providing a scaled
anrbute for maximizaiion or minimizaiion in Response
Surface Methodology (5) or as a critedion for Discrimin-
ant Anzlysis (9). For example, based upon their chemical
profiles, five vanieties of an herb were classified by dis-
eriminant 2nalysis (Fig. 18). A trzined panel was then
used 1o determine which classificd groups had similar
sensory propenics (Fig. 19). New samples can then be
classified, based upon their chemical profiles. If the sam-

" ple falls into a regicn where flavor is acceptable, the new
sample can be zccepled; if not, it is rejected. This
methed provides 2 comprehensive and clear-cut basis for

- purchasing and quality assurance decisions,
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Figure 18. Discriminont analysis plot classifying § origins of
] &8 herh pased upon iheir chemical profites.
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The sensory heat in red pepper can be predicicd usicg
the lincar relationship between sensory heat
capsaicinoids (determined by high presscre  liguid
chiomatogrzphy) i1n the red pepper (Fig. 20). This re-
ationship c2a be used for purchasing, qualiry assvranee,
quality control, and research work. -

Manual hardness can be a problem with wbed de-
corator icings. To monitor the hardness of filied tubes,
2n instumental method was desired. A uvnined panel
rated **squeczability”” of tubes filled with decorzier icings
of differcnt censisteney. An Quawa Textromeler 2lso
measured the consistzney of these tubes. Resuits of ths
seasory and instrumental measurements were highly cor-
relsted (r=0.94), so wal. 'squeczability™ can be pre-
dicied using the Texmwrometer (Fig. 21) (15).

Despitc the many successes in comelating sensory 2n
instrumental relationships, we must remind ourseives :ha
crly the human being can truly measure the {ull expen

and fevel cf

-~

snce of flavor. No mater how prcmsc and varied, insin

meats will never be able to fully. qLarut:uc the ["L.I"l.'!..‘l
experience.

OTHER BENEFITS

A descriptive pascl activity has beaefits other thaa pro-
wdmg sensory data. Panicipation on_sensory pancls pro-
vides panel members with greater understanding of the
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Figure 20. Lincar relationship berween semsory Reat rating and
percent copsaicinods in ground red pepper.
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company’s busisess, of depanimental projects, 2ad of

their own projects. Communicztions between fcod (eci-

nologists and the sensory group, between lechanical and

nontechnical personnel, 25 well as between customers and -

suppliers are improved. Trained panclists make belter em-
ployees; not only do they better understand the com-
pany’s business, but they also have 2 unique ability
provide an cxpert opinicn 2nd offer a valuzble voice in
decision roaking. Descriptive pancls can be coasidered 2
form of participatory management, thus reaping many of
the benefits of “guality circle’ type institutions (3).
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FOR DESCRIPTIVE PANELS

KATHERINE 200K and COLLEEN WESSMAN

THE SELECTION AND USE OF JUDGES

 pesT
- AVAILABLE-

IR Ea e

0 SENSORY DESCRIFTIVE DATA from experienced
individuals have Luun used as an adjunct to Luberatory tasic
tests 2t Quaker Oats for some jerdind of Ume, For the past
2.3 yoars, honever, 2 mare tghitly controllud method of
handhag desanpiisve sensery  data, the Quanutative
Descriptive Analyss (QIA), has heen continnously 1 use,
During that tise, Len majur deserptive panels have been
developtd to mieet chiferent objeciives. All of these groups
have had two things i commen: They bave Leen sclected
by a serfies of trmungle diference tests, and they have
recened an inteusie pericd of truining Yefure Leginmzg
thewr duseriptive werk, .

The purpese of the article & Lo examine this method of
selecting and training as 2 means of producing good descrip-
tive judges ard to louk at some of the types of guestions
which have been answered with QDA daia from such
judges.

BASICS OF THE QDA METHOD

The QDA mgthod of descriptive analysis was described in
detan] by 1ts developers (Stoue et al, 1974} several manths
efter it was implemented by them at Quaher Qats, Early
usege with beer at the Schlitz Bear Co. was desertbe] at the
sare time by Macrody et 2l {3974).
The methed as wvsed 2t Quaker Oais followed this
guence of events:’

¢ Screening of 24.36 praspective judges by means of 12
{riangle diffurence Lests, vach administervd tnice.

» Sclection of 10-12 of the most diseriminating judges.
Availability for the tinie involved in training was a pome
requisite for judge use. -

s Training for around 10 he, usually 1 hr/day. During
this period, Lhe lerminology was developed to describe the
appearance, flavor, and textere of the products. Judges
were provided with a broad zscostment of training products
25 they modified and perfected the evaluation sheats.

# A Series of 4 replicated judgments on training
procucts. After grading and statistical anaivsis, one or more

v correction sessions were conducted to clarify any confusion
in the use of terms, T'he basic unit of evaluation in the QDA
wnethod s an unstrectured line 6in Jong anchored ¥ in from
either end by pairs of termis {Fig. 1), The judga evaluates the
intersity of cach sensory attotbute by placing a vertical line
scross “ e unstructured line, This is trumalated into a score
from 2 . 60 for statisticsl analysis. All data reported in ths
article are in terms of this seale, which is unstiuvtured when
the judge uses it and is asmgned numerical values Iater.

® leplieated Judgments, esing 10-12 yeplications on

repeated usage of Lhe grouy, 4-6 replications with 8 judges
have been found Lo produce reliable data.

* Annlysis of ¥arinnee of each sensoty attribute sepa-
rately {see Table 1), togeiher with development of correla.
tiens between attributes and between atiributes and an
overall acceplance ternt.

@ ¢ Examinativn and Interpretation of dats.

* Preparction of QDA Confipurations describing
products, and visual of writlen presentation, A typiea) QDA
confipuration (Mg, 2} has lines rudinting oulward Jrom u

The suthors ate vaih the Product Evaluation Dept., The Ouaker
Qais Aesesich Laboratory, Bornngton, IL £0010
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the fint use of Lthe panel iminediately aller training. With,

center point, Each hne represents a particular deseriplive
term, and the average intensity for that term s ploticd on
that line {the center reprizents an inte.sity of 2, and the
outer point a salue of 33-00). Conmeuting the averape
intensitics for all the tenns prov.des a product profile,

Judges who made up the el
employees of the Qaaker O2is
Laburatory, A telal ¢f 279 swgen)
which 110 judies were seeeted for naambershon ta Lo
groups. About haif of the jud zos ware o foomdreinied fnoe
where they inight have exncencasn tasdlag feody e aier
kall were in non fend-relatzd posens, ot were Jvand o
be able to disunminate weil 5y the triangle testing proce-
dure, All of the gronips develeped were wixtuies ef the tuo
tyges, as shown in Tabie 2.

PRACTICAL CONSIDERATICNS

There are a number of ¢onsierations in selecting and
using judges for QDA, or uny oiher txpe of continuing
deseriptive work, which have nolbing to do with the
tachnical aspects of selecting o gooc Judge sut are eritical to
the success of ihe pregram:

1 QDA groaps nere all
catch and Dove'eprne 7t
swers condocied, frain
: o
:!-

1. First, and mest important, the whole ﬁ:o;rn"n muLsi
have upper management suzport.

2, This must ke cernmunicated to middle manageoment
personnel who wil be gving permiss.on o relesse
ermployres for tre ttme riquued for the trauuny aad
developinent of the cunfigurations. It may be necessary
hold brief seminars or cdueativnal mectines lo aequnint
these people with examples of what (DA can do and hew it
is accomplished.

3. The time requirements must Se clearly spelled aut to
both the partepant and his Immedinte supedier defoe
participation bepgans. Sccuring the panclist for sne now jer
day during the treming penod is the crucial factor, the

reening and repeated evaluations requiring wnuch less
time.

4. 1 twa people from a sinal) depariment both qualifv, &
is wiser to seleet only one for traming. Thus, when any ure
group wects, partivipation v spread ameng a swmber of
departments and no one department is suddenly denuded of
a large part of its work foiee,

5. After management support, motivation and interest
on the part of the panei member is the single most
important {acter in obinining on-time, conscientinus
presence at all panel sesxions. Uk sivenhanced by giving tie
panel some idea of 1he purpuse or importance of the prejoct
to the company. There is a very fine line belween providing
the panel with information on the everall abins of the work
and giving clues which miay bias their descriptive work.

§. Asa morale booster, lunclivon together at a restaiunant
of their clvice for the group after the comuletion of a set or
series of samples has proved Lo be eifective not only as a
reward Lut as a means of builiding “espuit de coips”

7. Occanionally, one person will qualify and serve on
more than one group, but this has not bLeen encourngul
because of the potential conflicting deinands of the two
prosipe,

TECHNICAL ABILITIES NEEDED

The qualifications for expert deseriptive judges have been
thoroughly deseribed in varivus papers. Some of the muaie
impartant are:
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rig. 1—SCORE SHEET for quantrtative descriplive analysis; the judge
evalyater the intensity of each sensory atttibute by placing 3 veriical
dne gcross the unsiruciwed line, This intensily is fater ransiated Inic 2
numerical scere for statistical aanlysis by use of & template which
divides the line inta values ranging lrom O 3t the Jelt end ta 6Q at the
 ight end

® Taste Acuity or ability to duplicate a difference
Judgment (Amerne et al, 1965), Normal gustatory and
olfactory ability is presupposed,

* Ability te Denl Analytiealiy with a complex test
situation. Girardgt et al. {1951) believed that it was impos-
sible Lo test independently for all the factors underlying this
unitary skilt but that the test situation must 52 set up to
require acts of discrimination and judgment, such as would
be used later in the experiments. {These skills include flaver
inemory, abilily to deal legieally with flavor perceptions,
and generzl adjustment to the test situation),

® Good Health and {reedo from allergy, frequent head
colds, and sickness (Amerine ot al., 1953).

8 Stuble Personality, neither overly passive nor overly
dominant {Cuul, 1957). Frum some recent studies with
ﬁemonality trait scaling (Henderson and Yaisey, 1970), it

as been sugpested that individuals would continue to
operate at a higher level of performance if they score high in
the “need for achievement.”™ Qur observation is that an
individual who is not easily distracted from the task at
hand, wha can perform ne matter what the emotipaal
upsets in his life, usually makes an excellent judge.

. ® Ability to Yerbnlize or deacribe what they taste.
.® Interest and Molivation, .
® Avgilability. . <!

SCREENING OY TRIANGLE TEST

~ The triangle test is not a“new test, nor s its use as &
. cans of sclecting judpes new. This dierence test, first
.« wieneded Ly Hengtssun .{‘5943): was used Ly lelm*and
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Fig. 2—ATYPICAL QOA CONFIGURATION for the llavor of 3 reaidy.
to-eat cerzal, cry. The average intensitics for the various attnbules 3rs
graphed on lines rediating ovtward frem a value of O 31 the center pzlni
to & value of 35 at the ouler perimeisr. For ezample, the averaze
itensity of sweetness is located at a paint represent.ng 32,144

Table 1—AVERAGE INTENSITIES of various attibutes for the flaver
of & single sarmple of Cap'n Crunch® teady-1c-car cereal, dry

Flayow alindyte Avecage intengarg®

Inteniry of Rasoe o 71.6%
Sweslnng 3214
Teast 1955
Caamil cornlbrown wgar 186.28
Frecened gratafoorn 20.63
Rorw corm fungarpeocaysady | 10 48 "
buntery 12.60
St T . 11,99
Sonae . 12.05
Biner 7.2
] 11,07
Qg ol .28
Cardbomd . 1434
Yismia 11.06
Ahertasie 27.68
Frmphtiu's - * 32.9%

11 padger X 10 repitations = 110 evalustony, inieasi1 3ow from anaiyun of varancs
of panel 81 2 =ngly, SA0ITRe 18 30 MAGE 00 the 3t o Jach sdrvaty el podne, o monaior
sxige periimancy, N

Table 2—MAKEUP OF QDA DESCRIPTIVE PANELS

He. of paneliniy

Mon-jeod.
Fordtelatod talured
Product svatuated parsennsl parsanned Tatal
Lreatdast mam 1 2 10
Kaprpi Caraul® [ £ n
Srrvp ? L 3 1"
Pus 3 ] "
. Lla®erent ] * 5 1}
Sheedded Whast 3 7 19
Cap™a Cruneh® coreal [ 3 [ 13
Fragen pancates 7 $ 17
Qaumesl casliieg 3 ) 12
Ittt guats . ) T 13
Tow 55 [SO%) 55 (50%) 110 109w

Peryam and Swartz (1950) reported that the triangle test
had been developed independently in the Iaboratorics of
Jaseph B Sedgeam and Sons in 1911, Amerine et al. {1965)
states that “hecouse of its extensive appheation the test has
betn the most thoroughly studicd and critivized of all et
dinipgns” . . . . .
There are several advantages in screening with triangle
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scriptive Panels . ..

1, 1t is gbvious that those whe do h.csl on the scries of
inngle tests have the underlying abilities to make flavor
d texture judgments on that particstlae product.

2. Theresults of the trinngle tests arc adjective. Ponclists
iow that if they are selected for training, they have a

ilar Jevel of discriminatory ability to the remainder of
e panel. .

3. Ponel members work directly with the product under
nsideration. Included in Lhe triangle testing can be some
the same variables which will be present in-the lest
ucls, |
4. The preparation of the products for the tnangle tests
the panel leader gives this individual a great deal of
perience in what the product amt its variations are like.

5. By the lime the participants have completed- the
iangle tests, they also have a background of tasting
perience with the product even befvie they are trained,

G. If speciul producty are prepared for the trinngle tests
uch as a speetal plant run of undercooked or uvercooked
oducl), they also mzke excellent training products for
ter use, .

However, screening by triangle test also has several
sadvantages: .

B 1. It does not tell you anything about the ability of the
f ndidute to verbalize what he tastes or what kind of a
_2rsonality he will have for group interaction.

repared. If you have set up a test set to measure a certain
avor difference, you do not want the judge to mnake a
correct painng from some appeatance difference inadvert-
ently present in the samples. Masking of appearance by
luced or minimal lighting is very often necessary, Colored

I 2. The triangle tesis themselves must be quite carefully

lights which may mask coler often’leave other clues which
the participant can pick up. ’

3. The general plan of srranging the Lests is to give the
casicr ones finst and the more dilicult ones later in the
series. It is very difficult to get a perfect progiession frum
easy to diflicult. However, cven without this, the judge gets
exposure to 2 broad range of tnsks.

4. To be fuir to the candidates, lests must be given twice
at the same silling; once with 2 sel containing Lwo A
samples and once with a set containing two B samples. This
doubles the number of test sels used for screening.

RESULTS OF SCREENING ..

The samples for the 12 triangle tests were all pre-sereened
before the tests were administered, and an alteinpt was
made to start with [airly casy tests and :nake them
progressively more difficult. The aim was te expose the
Judges to a broad range of discriminatory tasks and to
include in the reries some of the types of vanaliles which
would later be describgd by the pancl. Tests were adminis-
terel Lwice, once with Lwo A samples and once with two B
samples, because it was felt Lhzl certain combinations
might be easier lo pair correctly than others. Tabie 2 shows
a sample set of 12 triangle tests as administered for Cap'n
Crunch ready-ta-eat cereal, from which a group of 11 of the
most diseriminating judges were selecled for training.

- An overview of the 10 different proups screencd by
trangle tests shows that:

¢ Not all people are cqually discriminating on  all
products, Thus, it proved worthwhile to test a siznificant
percentage of candidates on more than one product type
(Table 4} : .

* Some products were more diflicult te discrimminate with
{pair correetly} than others, This is shown in Table 5, which,

!:b!g J—RESULTS OF SCREENING by (riangle diffarenca tést, u:i:':; variatrons of Cap'n Crunch ready-ta-eat coreal, dry, when tested uzing two A

mples and two 8 samples (X indicaies an mcorrect identification)
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ives the record of the 10-12 most discriminating members
ho were chosens for training on each product type. Fur 7
b of the 10 produets, panelists averaged better than 76%
arrect idenlilications; for 2 products, the level was about
#%: for one, slightly lower, ‘

» The level of discrimination sitained by the groups
.sted appeared to vury within: (a) The complexity of the
product—pizza coutained many ingredients which eflen
masked the real variable. (b} The -variability .of the
product—shredded wheat biscuits showed unavoidable
differenices between individual units, {c} ‘The difficulty of
the test sets—although the same general plan was set up for
all products, the tests on Lile cereal wers based on small
variations in plant-made product which proved extremely
difficult Lo identify,

* The level of diserimination attained {or alf individuals
on el products in 279 screenings {Table 6) showed that: {a)
98.7% of those tested were very discriminating, picking the
odd sample 75% of the time. Another 24.7% picked the odd
sample 66.7% of the tine. (b) 36.6% of those tested diserim-
inzted at & level in which they identified 50-62% of samples
correetly. {e} Around 10% of the group did little betler at
discriminating than the level which could be attained by
guessing on a triangle test (33%4% correct).

Thus, generally speaking, il 2 level of discrimination of
67.75% correct identifications is desired, about 2.3 times as
many candidates would have to be screened as would be
selected for final training.

TRAINING OF JUDGES IMMPORTANT
The importsnce of the training which is ccaducted with
the judges alter they are selected cannot be emnphasized too
much. For the training té be successful, an experienced and
yerceplive leader is necessary and several basic points must

*w. DT OYstTVEd:

¢ The panel [vader docs not take part in‘the deseriptions
of the products. His or her role is to keep the group
functioning, provide standards and training samples as
needel, prepare trind score shicels frum Uhe Lerms supgested,
think of ways to clarify confusion, and test and monitor the
Judges, )

# The terminology used to deseribe the products comes
from the panel membens thenselves. All must understand
andl frel coinfottable with the descriptive terins to be able (o
use them effectively in grading, This is why it is s0
important that members.not miss sessions.

¢ Members of the group must feel on an even fpoting so
that aff will make contributions to the gencral pool of
knowledge about the sensary charscteristns of the
product.

.. * Theingredients from which the product is mads are not
identified at first but only after a need for them is indicated,
since they could passibly influence the expectations of the
judges in their first inpressions of the product,

® The physical surroundings of the group are important;
these include adequale privacy, ventilation, and fighting,
antl a conference table around which all may sit to take
part.

USES FOR QDA DATA

\Yhat are some of the uses of an expert panel developing
descriptive data by the QDA wmethod? There are
undoubtedly many uses for a trained panel, but 1 will
confine myself Lo exainples of projects un which we have
accamulated duta and have results:

1. 'As an Aid in Product Development:
. A To describie the sensory churacteristics of competi-
live products sl one or mare experimental prototypes
(Figs. 3 ol 4),
. .h. ‘To ducuiment that the scaled-up prodiict is like that
eripinadly developed,
¢. T oplimize a furmula by deseribing several levels of
several varlables in more complex desipns,
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Table 4--NUMBER AND PERCENTACE of candidates 1¢reened by
JHrisngle test on onc or more types of products; 170 peesons partics.
pated in 279 sereening tezts to ofitun 110 judges

Re, of imas tented, Mo, al T %l
asth himo o » [ o1 L B perinng
Ailflarenit Iypa ol praduct torind 14sted
1 ” (3R]
2 [ 3] 06
3 Lrd L
£ & 24
[ 1 2 1.2
7 i 1 01

Table S—AVERAGE LEVEL OF DISCRIMINATION for judyes

selzcted for QDA panels - .
% correct

Ho. of Ne, ol Kentibastions

Ferrant Sudges I 24 tauns For

Praduet wreaned salectad Jadiey anlucied
Baestint dem 33 10 7.3
Mooyl Carena? s 1" 796
Syrvp AN 30 11" 763
Pura n 11 4.6
LA™ carnnd 2F 12 221
Sherdeed Yihaat cerea! k13 10 8.7
Cap'a Crumch® corcal i 1) I 7.8
Froten paneilas 25 12 . 17
Qaumasl cocting ke 12 bLE
TvEang prisy 3 0" 58

Tabfe §—=LEVEL OF DISCRIMINATION 55 cerrect wdentil.cations)
shown by candidates for expart ODA Cescriptive paasis in screeaing by
triangle dilfercnce tests on vorigus food produsts

Ha. wl Jutpn nha avired coreecily ot the

foflawing levshy of drctimingtion % correct Ne of
Uentiditationa) heduns
% . Lase
- han

Froduct Betrer 1% B23% 62K 3G B4 50N 3% Screaned Tralnes

¥rhn 10 LI 101 a3 10
asm

Ritvral 12 2 3Ly & 3 1 4 38 il
Carasl® -

Syp 7 H T 4 1 1 3 1 Jo 1

Fuia 2 1 3 3 2 1 3 4 % C-1 11

Liin® teresl 1 2 s ¢ 5 4 ? 4 24 11

Shevacsed b1 e 3 T 4 1 3 ) F{] 1¢
PWhaat
corvsl .

Cap'n ‘s 12 4 13 ¥ .on 1
Cromca®
caral ..

Frorem 3 » -4 1 1 1 ] 1 k1] 12
pancahes *

Qutmasd 1t 4 2 1 ¥ 2 L 23 12
ook~ .

- nstant Gan 2 2 1 1 o o 0 2! 1
Towl %0 J 33 0 1 23 2% 23 2N 110
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d. To provide language for description of an ideal or
favorite product by consumers.
¢. To describe changes in storage.

2. Asnn Aid in the Malatenanee or lmproveniant of
2n Established Product. Here the QDA data fuinished by
» descriptive panel are used ns an analytical tool and can
function by themselves or in conjunction with objective
measgroments, or even conmuner aceeptance dut’a_ ‘_'lhc
following are several examples uf these kinds of applicativns
relating to typical prublems which arise in continued
manufacture of a products .

2, Can Lhe variahility be reduced? In one case, it was
devired 1o reduce color vaniability of a cereal by selting
colur mnges on a eolorinweter, Here, QDA lata describad the
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IDcscn}Jrive Panels . . .

chanpes which took plice so thal realistic cut-off ranges
could ke set {Fig. §). After the fint deseription, product was
mode apain, describid a0 second time by QIXA, and sho
submitted to children, the consumers of thix cereal, Note
how closely the results of the second QDA description
duplicated those of the finst, and also how the children
reacted to the products described, .
i b. Can the manufacturing process be changed, for
reasons of improvemnent or cost cutting? Deseriptive data
hive been suceessfully used in changing extrusion condi.
tons for a ready-to-2at cereal, as one example.
l ¢, Can aningredient be changed? Figure G shows that a
desircd change in precessing of a particular ingredient could
be usedd with negligible results on the produet. Fisure 7
shows that a 25% reduction in level of one ingredicnt will
probably cause problems with the praduct at the low end of
the permitted pouch weight; the projected decrease in the
ingredient was dropped. .

. 3. As o Dingnostic Tool when a product is slowly losing
ils accustomixd share of the markel. A detailed sensory
description, together with that of the competitive product,
is the first step in determining whether the problem is in the
sensory area or in some other area, such as marketing.

By Figure 8 indicates that a shredded cercal biscuit possesses
negative notes that the competitive product deesa’L. Pack-
aging and processing can now be examined to find the
source of the critical off-notes.

4. As n Quality Control Messure. This depends upon
the development and maintenance of a2 master configura-
. tion or QDA profile of the product against which later
profiles of the product ¢can be compared to nieasure “dglt,”
This presupposcs that the samples described are truly
!. representative of tnost of the product that is being made at
L “the point in time when the measurement is taken or that
there is a historical knowledpe of the amount of normal
* vadability in manufacture. Figure 9 shows a ready-to-cat
cerenl a5 preséntly manufactured vs the same product from
two yoars previous. . .
These are but a fow illustrations of kow the data from
trained descriptive judges, when used in conjunction with
statisticn] analysts to judge variability and reliability, can
answer questions and give information.
The question inevitably arises as to whether sensory
descriptive data can be used to predict acceptance. The
experience with the 10 groups over a peried of 2'%-3 years
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Fig. 3I— QDA CONFIGURATIONS for 3 protaiype cinramen-flavercd
cer2dl #nd 3 moedificatien, [ncredsing the ““cinnamon spice™ ond
“sweetness™ slizhtly resulied in 3 prodyct with mors impact and less
“starchy” and “ryw grainloat’ character. Thizs modificdtion veas
found to L& significantly mece accepioble in consumer Iesing and
went on (o bacome a svicessful markel introduction. This (s an
example of how small but signilicant chinges in key sensory atinibutes
can be crucial to § procuct’s success

suggests that detailed scnsory data can be used very
effectively in combination with accentance information
obtained from larger or consunier groups.

In summary, each of the 10 descriptive seasery froups
discuseed in this article was develeped by {1) screening 21.33
individuals to obtain the 10-12 muost discriminating and {2)
giving these individuals intensive tralning. ‘They aff went on
to produce sensory descriptive data which et the stap-
dards of the particular technigue fur sensory deseriptions
which we were wing (QIDA). This was true even though
there was some vanation in the level of discrimination
attained in the original screening on the varfous preducts.
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fig. 6—EFFECT OF INGAEDIENT REPLACEMENT con ba deter.
wwned by QDAL lere, a8 3ampie of rexdy-10-23t 03t coreal with milk
w35 compared with aother 1ample contaming an ingredient peepared
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Fig. 7—EFEECT OF REDUCTION /i kevel ol guig ingieficnl can Jlto
be determined by QA Here, # comparison of 3 conirel sample of 20
instant coreal amd 3 sample containing 25% fess of one ingredient
shows that the reduction woukd signilcantly alter the eoasistency aud
cohcsivencss of ihe preduct : .
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Fig. 4—CONFIGURATICNS OF FLAVQOR ATTRISUTES of 2
conperitive brand of oatmeat cockies and two experimental proto-
frpes (scale = Q it center to 48 at permetei)

Fig. 5—QDA DATA can 3¢ used to estadlish acceptabls ranges of
objective data, For example, QDA averages for color correlate veith
color readings from an Agteon colorimeter. Results are shown for two
separate QDA Cescriptions. When product from the second was tested
#mong 162 children (consumers of the cerezl). the children signifi.
cantly prefenred product from the hight end of the seale fAglron vaive
68) and rejected the product from the dark end [Agiran value 58)
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TFig. 8-AS A OIAGNOSTIC TOOL, ODA cai indcate why #
pielicolsr product mught be less accepisble than # compelitive
Poduct, Hore, s vawespped shwedded wiicat biscut {3iscuit [} and &
|apped biscunt (Biscuit 2) e compaeed 1o 3 cumpebitive product, The
imm shows that the wrapped and wawrapped biscuils bave
e noles that may ba due e packaging or processing .

Frg. 9—AS A QUALITY CONTROL TOOL, QDA can determine
whether @ peoduct has changed in chxacter with twne. Heve, # prolile
of & ky ready.to-cat eereal is compared 10 3 prolide of the same cored!
cravert twO yeas previous. Note the sngredse in “nutlincss™ (o positive
aitnbute) snd decredse in “leediness™ (3 negiive altndute), 23 well 33
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LABORATORIO No. 4

PRUEBAS DE PREFERENCIA UTILIZANDO
PANEL INTERNO

QOBJETIVO

Utilizar diferentes escalas para determinar aceptabilidad de los productos que
se presentardn,

INSTRUCCIONES

1. Los participantes serdn familiarizados con el uso de escalas hedénica de 9
puntos facial, y de ordenamiento.

2, Un problema sera planteado a los participantes, ellos definiran las
caracteristicas de interés a ser evaluadas, formulardn las preguntas y
seleccionaran las escalas a ser evaluadas (hedénica 9 puntos, adecuado -
inadecuado, ordenamiento).




LABORATORIO No. 4
PARTE A

ESCALA HEDONICA DE 9-PUNTOS

Por favor marque la frase gque mejor describa cuanto le gusta a usted este producto:

Cédigo _____ Cddigo Codigo Cédigo

— Gusta muchisimo ‘ —_ Gusta muchisimo ___ Gusta muchisimo ___. Gusta muchlsimo

— Gusta mucho . Gusta mucho —_ Gusta mucho ___ Gusta mucho

___ Gusta moderadamente __ Gusta moderadamente —_ Gusta moderadamente ___ Gusta moderadamente
.. Gusta ligeramente ___ Gusta ligeramente —__ Gusta ligeramente __. Gusta ligeramente

__ No gusta ni disgusta __ No gusta ni disgusta ___ No gusta ni disgusta ___No gusta ni disgusta

.. Disgusta ligeramente .. Disgusta ligaramente _— bisqustl ligaramanta ... Disgusta ligaramante

__ Disgusta moderadamente ___ Disgusta moderadamente ___ Dispusta moderadamente ___ Disgusta moderadamente
... Disgusta mucho ____ Disgusta mucho ___ Disgusta mucho __ Disgusta mucho

__ Disgusta n:luchfsimo __ Disgusta muchfsimo __ Disgusta muchlsimo ___ Disgusta muchisimo

Comentario Comentarig Comentario Comentario
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LABORATORIO No. 4
PARTE B

BOLETA PARA ESCALA FACIAL

Por favor marque bajo la figura que mejor describa cémo se siente usted respecto a cada producto.




CUESTIONARIO

Prueba de aceptabilidad vy Preferencia




PRUEBA DE ACEPTABILIDAD Y PREFERENCIA

Producto:

El dia de hoy, usted evaluard 3 muestras de pudines de chocolate, una muestra a la vez.

Hale el cartén rojo para recibir su primera muestra.

Antes de probar la muestra, por favor responda a la pregunta de Apariencia.

Cdédigo
1. ;Cuénto le gusta la apariencia de esta muestra?

Gusta extremadamente
Gusta mucho

Gusta moderadamente
Gusta ligeramente

No gusta ni disgusta
Disgusta ligeramente
Disgusta moderadamente
Disgusta mucho

Disgusta extremadamente

REREREEN

Ahora por favor pruebe suficiente muestra para hacer una evaluacién adecuada.
ot
2. ;Cuénto le gusta esta muestra en general?
{tomando en cuenta aroma, sabor, textura}

Gusta extremadamente

Gusta mucho *

Gusta moderadamente ' .
Gusta ligeramente

No gusta ni disgusta

Disgusta ligeramente

Disgusta moderadamente

Disgusta mucho

Disgusta extremadamente

EERRRREE

Antes de continuar con la siguiente pregunta por favor escriba sus comentarios sobre aspectos

que le gustan y no le gustan de esta~muestra en la hoja final del cuestionario.

e T LAl st L S bl =2 2 Ah e




3. ;Cuénto le gusta el sabor de esta muestra?

BERRREEN

Gusta extremadamente
Gusta mucho

Gusta moderadamente
Gusta ligeramente

No gusta ni disgusta
Disgusta ligeramente
Disgusta moderadamente
Disgusta mucho

Disgusta extremadamente

4, Por favor evaltie la dulzura de esta muestra.

Demasiado dulce

RN

Ligeramente dulce
Adecuada

Poco dulce

Muy poco dulce

5. Por favor evalie la intensidad de sabor a chocolate.

Demasiado fuerte
Ligeramente fuerte
Adecuada
Ligeramente débii
Demasiado débil

B. ¢Cémo evalda la calidad del chocolate?

NENN

Excelente
Muy buena
Buena
Regular
Mala

7. Por favor evalte el sabor amargo.

BENN

Extremadamente amargo
Muy amargo
Moderadamente amargo
Ligeramente amargo

No amargo
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8. ;Cuénto le gusta la textura de esta muestra?
Gusta extremadamente

i Gusta mucho

Gusta moderadamente
Gusta ligeramente

No gusta ni disqusta
Disgusta ligeramente
Disgusta moderadamente
Disgusta mucho

Disgusta extremadamente

I

.
REREREER

9. ¢(Cémo evaluarfa la cremosidad de esta muestra?

Demasiado cremosa
Ligeramente muy cremosa
Adecuada

Poco cremosa

Muy poco cremosa

BEEN

10. ;Compraria usted este producto? .

v

Definitivamente lo compraria
Probablemente lo compraria

Tal vez lo compraria o no lo compraria
Probablemente no lo compraria
Definitivamente no lo compraria

~—

T

l Al finglizar la evaluacién de las 3 muestras, por favor ordénelas en orden de preferencia.

}
13




HOJA DE COMENTARIOS

Nombre: i : Fecha:

INSTRUCCIONES

EUERL TR TR I

El ndimero de su muestra estd escrito sobre el comentario en el orden que usted lo recibira.
Hay espacio para sus comentarios y para razones de preferencia. Solamente siga las
instrucciones.

LN

Razones especificas de gusto o disgusto para muestra No.

Gusto

Dicaas b o

Disgusto

Razones especificas de gusto o disgusto para muestra No.

Gusto

Disgusto -

Razones especificas de gusto o disgusto para muestra No.

Gusto

Disgusto

k.
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A Critical Review of Recent Literature on

preference
testing

methodology
~— PART | —

B, H. ELLIS

THE PURPOSE of this paper is to’

review recent publicztions concerned
with preference testing methodology.
Pirt One desls with definition, back-
ground and new concepts and methods.
Puirt Two will cover the analysis, in-
terpretstion and current status of this
important segment of the sensory eval-
uation fleld,

DEFINITION

PSYCHOLOGICAL messurement tests
can be clzsnified secording to the kind
of psychological functioning required
of the subject 25

(3) Affective—{ests based on pref-
erence, pleasure-displeasure,
like-dislike;
Discriminative—tests based on
judgment which mey be con-
cerned with difference per a2 or
difference on & specified dimen-
nion}

Deseriptivewtests requiring the
sorting out of the many separa-
ble qualitatire dimensions which
explein people's bebavior toward
products (Peryam, 1084).

Preference leating a2 vsed in this
peper refers to oll o fective teats bated
on 3 mearurement of preference, or a
measure from which ralative prefer.
grce may be determised (pleasurs-
dupleuure, hkc-iuhh). Prdcmu-

h
oeya’

&)

(e)

defined by Amerine ¢f ol (1865) as
follows:

(1) Expression of higher degree of
liking; (2) Choica of one object orer
others; (3} Psychological continuum
of affectivily (pleasantness.unpleas-
antness) on which such choices are
based. This coatinuum is slso re-
ferrad to ss that of degree of liking
or disliking.

Preference is sometimes used inter-
changeably with seceplence. The two
terms are releled, but they are not the
same. Acceplaoce has been defloed by
Amerine ¢ ol (1965} as follows:

(1) An expsrience, or feature of ex-

perience churacterized by & positive

(approach in s pleazant} sititade;

(2) Actual utilization (purchaase,

esting). May be messured by prel.

erence ar liking for specifie food
item.

Preferencs is only one of many fac.
tors involved in acteplability, but it is
an important faclor, Peryam. ef sl
(1960) determined the relstive prefer-

ence of various foods by bedoanic tests,

sad measured the aceeplability of theae
mame foods by gquastilative methods
such &3 determizing the percent of men
taking & pormal proportion of food, or
the proportion of s dormal portion
corsumed. Correlation between prefer-

strated. Peryam estimatled that prefer.
ence accounls for 35-60 percent of the
varistion in consumplion, depending
on the test conditicns, and he thought
it unlikely that eny olher single var-
tble would be found as effective in pre.
dicting zcceplability. It has zince been
delermined that 75 percent of the vani-
ation in kcceplance of army food caz
be predicted from preference date it
Tactors of saliely, smount of fat and
amount of protecin sre also tahen into
sccount {Palgrim et al, 1963).

Ineccurate use of the word “prefer.
enca” sometimes causes confusion as to
the method used. It is nol uncamman
for an investigator to report that
“there was & preference" for & ceriain
samnple when in realily he has sssumed
this fact by aasessiog data from a test
vhich docs not measure preference
per se (Wilsan et al, 1960).

A serious problem arises with those
who recommend a preference method

- {o delermine difference {Shukis, 1967).

* Preference methods can be used to
delermine differences in preference, but
Nor differcnces per se; discriminative
tests based on judgment (irangle, duo.-
{rio, paired comparison} must be nscd
for this purpose. ® Difference tesis
should precepe preference lests; if
ttere is no difference, there can be no
Preference. Incressed recogmition of
this fact might lead {o fewer ‘bresk.
evens” in preference testing.

METHODOLOGY—BACKGROUND

THE MOST COMMON methods of
measuring preference are ranking,
peired comparison and rating scales
(Peryam et ol., 1960). The latter is
also called the method of single stimu.
lus or absolute judgment {no external
stsndard), depending upon ifs use
{Pilgrim et sl., 1955).

Ranking melhodl are eu;ly applied
sod interpreted. For this resson, znd
also because they antedated other sen.
sory evaluation.lechniques, preference
raoking tests have enjoyed tremendous
popularily.

The main disadrantage of these tests
is that they do not megsure the degres

+ of preference difference between sam-
ples. Recent uses of the ranking method
include that reported by Monerieft
(1966) with 132 odorants xnd 12
judges lo delarmine treads in edor
- preferences; and with 1¢ odorsnts and
500 judges to delermine general pref-
erence fodings.

The paired comparison test is widely
wsed probably beeause of its simplicity
asd ease of application,

It baa eome Lo be & more accepled

rsetice thaa evaluating samples ope

. and a ptabilit '~ was demon.:+’ at a time (Carroll, 1943), Ti has been




uared {6 determine preference with ax
many &4 1,008 judgres {Bimane ef of,,
1957),
77 Beheffe's methad (1952) of paired
compacirona providea & meann of take
ing 1dvantage of the intervelationship
of {he samples in aorder to build up
— precision on cerlain contrasts (Carroll,
1063). It includes s acoring system for
degrees of preferznee; eg., atrongly
43" moderately “2", slightly "1", and
1 no prefrrence “0" which extended to
the minux side becomes & xeven-point
seale. A plus raue is uses when the
secand xamnple is preferred. Gridgeman
- (1981) uaed o variation of Schefle's
method in which he dropped the neu-
tral point.
Yerous rasting s¢ales have been de-
veloped far preference testing.
- The best known raling, sesle is the
nine-point hedonic scale {{rom “like
extremely” o “dislike extremely”) de-
veloped 2t the U.S. Army's Quarter-
muster Carps for the purpose of deter-
* mining preferences as predictors of
ariny food scceplability {Peryam ef
_al, 1852). A raling scale method wia
seleeted for this purpose hecause the
ranking test wis considered too im-
practical and the paired comparison
test too involved for 1 large number
of amples (Peryam ¢t al,, 1960).
Viristions of the hedonie seale in-
» - clude Bve, pix, seven and eight-paint
P ) gealen. Jones ¢t al. (19558) determined

L’
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inlervals tend to be more sensitive lo
prefecence differences;

() that elimination of the “nen-
fral® ealegory seemed to be benefleisl;
sad
. (3) that balanee {an equal cumber
of positive and negative intervals) ie
not tn essentic] festure of o rating

v geale,

The QM continued to used the nine.
point scale for the atke of uniformity
of .reaulte. Paliner a2 al. (1968} re-
porled the use of the eight-point scale
with no neutral point for the erzivs-
tion of toughness diffcrences in chick-
ena in terms of consumer resction.

Eliminstion of the peutral point in
o praference rating seale preclodes the
possibility of the “no preference” vofe
2ad forees a choice. Proponenls of the

. loreed<hoice state the following ad-
— vaslages of this approach:
{1) inereased transmitted informas-
tioa {Jones, ¢t ol., 1955a)3
-1 {3) discouragement of Iaziass
(Gridgemsn, 1961} ;
-, (:‘) allowsncs of an equal chance
in favor of either sample (Gridgemas,
= 104); .
. (£) wse of the desirable equal

isterval seale (Oridgeman, 1961); acd

: ‘{‘l) th-:t“ién;ér'uilcl up” lo nine ~

preference testing methodology

" old influences (Baker of o, 1900;

Panghorn «f al, 1964).

Arguments sgainat & forced choice
include the leek of regard for the in-
teprity of the respondent who my
wish te vote “no preference’ and the
danger of determining a significant
preference for one aample over an-
elher when there is no true preference

" for either semple,

Fecriz {1960} reported it 2 well
recognized phencinenna (in no-forced-
choice preference tests) that many re-
spondents indicale = preference even
though they really have none and
should be indicating “no preflecence.”
This phenomenon was attrihuted to the
fact thet the respondents were in 1
test sitnation nrd therefore tried a
little too hard. In situations like these,
Ferris suggested they aie influenced by
externsl {actors such ax arder of tast.
ing effect, or bias in eading of the sam.
ples, ta indicate a pseuda-preference
for one or other of the samples.

Compeestive Studles of Methods

Cowparative studies of psired compar-
jton and rating scale methods have
been reporied [rom scverzl sources
{Werer, ¢t al, 1928; Pfafmen, 1935;
Bambhart, 1936; Hedlund et ol., 1954,
Pilgrim ¢t al, 1935; Shinoue et ol,

1957; Marphy ‘et af., 1957; Gridgemas,

1861).

In peneral, the evidence indicates
that the paired comperison method is
nore sensitive then the rating scale
method. Rating sczle metheds em-
ployed in these studies included single
stimolus hedonic, paired stimull he.
donic 2nd quality scxles.

There wea some indicstion that the
single stimulus hedonie method was
niore sensitive than the peired stimuli
hedonie metbod. Simune ¢t al. (1957)
reporied the single «limulus hedenic
spproximsted the precision of the
paired comparison, tithough their final
conclusion was that the paired com-
parison wes superior to the hedonic
method.

Hedlund et al (1954) observed that
the degree of difference betwesn two
prodoets might inflgence the results
when both zre aserved simultancously.
Pilgrim ¢t ol (1955) determined the
hedonie aeale method and the paired
comparison to be equally sensitive
whetber the difference in preference
was large or small .

Labscatery Prefarencs Psaels vi.
Consumar Panely ”‘i‘

Mixed views bave been publisbed o8
the difScsltion of correlsting small-

+ (BY presence of poleatial sebthresh-. mhhhon!nq pmdlci'ill.’ll_r‘! scale

congumer tesls, :

Raflensperger o ol (1955) repuct
that the usva! didleully is not that lah.
orslory panels are loo sensitive and
find differences thet consuiners cannat
sppreciale, but miore oflen that small
panels cannot find differences that have.
been decidedly demonstreled hy con-
sumer, prefereacm.  Amerine | et _ch..
{1965) report that the lzheralory
group is carcfully selecled, highly
trained, and hypereritical 13 compared
lo the gencrzl consumer.

Panghorn et el (1884) stated that
preferences of 1 small panel (11
judges} of milk experts were of little
value in predicting preferences of
nilk-drinking corsumers. Ellis {1953)
reporied similar Sadings when comper.
ing the: preference ratings of siz ex.
perts with & larger consumer panel of
266 persons evaluating brands of beer.

There is gencral sgreement that com-
parisons of smell laboratory or pilot

. ¢onsumer groups agree fairly weil

with larzer consumer studies in direc-
tien, but nat in msgnitude (Amerine
et ul, 1963}, (Small Iaboratary or pi-
lot consumer groups would usuazlly
consist of & minimum of 24 selected’
perzans rather thaa the 6 or 11 experts
referved ta above)

- Murphy et al. (1938} reported that
ranking methods more nesely predicled
consunier prefesence of sardines than
did paired presentstion.

Calvin et el. {1859} found good
agreement betweea a sludent labora.
tory panel.and 2 Bousehold consuser
panel with the hedoaic seale fur seri-
ous producls, Perysm of ol (1957)
reached the sxnie conclusion when com-
paring & lsboratery panel and & sol-
dier econsumer panel.

Caul et ol {1564) reported a study
on beef soup with inosinite in which
pinety percent of the consumer panel
also discerned the Aavor differences be. |

" tween the conirol soup end Lhe izcsia-

sl¢ soup which had been observed by
the Isboratory profile panel

Comparison of Twe C-mumcr' Panals

Weckel et ol (1962) incloded & com-
patison of two psnels in & study oo
ke effect of added sugar in canned
corn. A Madison, Wisconsin, panel of
814 families was compared with & Kro-|
ger panel (15 central states) of 530
families. The Mzdison patel demon-
strated & grester percentage of prefer-

eace votes for the lowest sugar level - .

than did the Kroger panel. Howerer,

" the Madison panel was asked not Lo

make aoy additions to the corm, while
the Kroger pasel was allowed to add
sall, pepper or butler in serviog the

n-plu.'_AddisE?:‘_o_f_gu&o%inp' mey . d
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kave lersened the flavor effeet of adeled
_sweelener. The pancls agree {iirly
well on the drop-off point of preference
voles for increasing amounts of sugar,

Canl er ol (1854} reporled good
—  agteement beiween two different panels
. witk different instructions and ques-
| tioansires when judging beel soup
with inosinste,

Mice of Tuling

Preference  lesling  generally  lakes
place in hooths in stores, lobbies, fairs,
frinsporlelion centers; in food mar-
kets} in church, sehnol or club dining
rooms; or in mobile usils which oper-
ate in well-populated and travelied
arers (Shinone et al, 1957; Colemarn,
1964; Willisms et al., 1963).

Adventeges of testing in such publie
places (rather than in the home)} in-
elude the following:

. | ® the resexrcher exn msintain ¢on-
trol over produet handling, prep-
sration, serving ind questioning

l of the consumer; -

: # only the fzver charzcleristics un-

: i der study esn influence the con.

- l sumer; and

l .\ the chance of incorree! eutries on

questionnaires is minimized,

{7 Qroup testing allows the stimulating
-leffect of conversational reeall zinong
the constmers in sharing expericnces
wnd opinions and discussions can he
tape-recorded in eddition to lling ant
questionasires by the particizants, Re-
eorded comments are of grest impor-
lsact in cases of horderline differences
ot where secondary tiste chacacleris-
lics are of interest The tene of voice
can be more dlumingting than 2}l the
written comments {Coleman, 1554),
Honte testing may be used for im-
.ﬁf pertial appraissl of prodecis when no
AR " yithels or other company ideztifiestion

I is used. In development gridence test.

5_
3 ]
B

ing, pre-selected stratified fimily pan.
el of fifly each ars usually large
enough to pive directiona] results, In.
{L hitructions for preparstion 1od use of
@ \the products and questioncaires for
&f -*;uch femily member to eraiuale the
iproducts sre standard procedure in

Bome testing,
' 1/ An sdvaalage of the bome leating
. \E methed is that factors (soch as the

i

W \pl.chge, sppearsnce of the unconked
* product, the cocking troma, tnd be-
;: . bavior in hxadliog) wh:ch may infu-

ience scceplance before the product is

* itasted can be evaluated
Dissdvantsges include (1) lows of
- eontrel in prepsration so lhat im.
proper bandling or misunderstanding
; of directions may cavss poor accept-
I ability of s produet on Lusting, and

™

{2) misunderstanding of the question-
riire iney exuse incorrect entries end

“thus lesd to wrong conduslons {Cole-

man, 1964). .

Prefarence Testing :ruhalqun

Motivation and personality techniques
are sometimes used to essess preference-
delermining facters in consumers,

The maotivation lechnique of the
depth interviem—s free zad Ffexible
conversation between inlerviewer and
correspondenl—za he used in study-
ing consumer preferences. The wigency
or apathy of her sttitudes and whst
part they play in finsl product prefer.
ence are revealed through the respan-
dent's inlerview. Patlerns that set the
eousuner in ectica rether thaa isolsted
ettitudes ave ssught (Aneaymsus,
1964).

The depth interview is genereily sap-
plentcnted with ether lachniques such
a5 the Figure Drawing Test—s projec.
tive pcmm‘ by test in which a respon-
dent is given & blank sheet of paper
and & peneil and 2eked lo draw o per-
son of the seme sex, Respondents re-
veal themselves in o varicty of =ays:
the size of ke figure drawn reveals
hew biz sud impartant, vr how small
wnd fusignificant the respendeat feels;
st:d the placement of the figurs revesls
whether. she is- introveried or extro-
verted {Anonymeus, 1964).

Devices developed for messuring
consumer preference of packaging ia-
clude the -

¢ Stereo-Reler {detennines which of
two stimuli dominales awarcness
by preseating simultancously 1nd
monoculariy});
* a2 Visue-Value Rater (messures
. speed and csse with which any
visusl displsy cza be recognized
tnd read);
the Size-Distznce Raler [meastres
apparent size, appsarent distaace,
size constancy and.emergence of
features with changing distance);
* the ¥ien Fostn YVisiomettic Com-
parator (messures various percep-
tes] concepts of package design
which make the ptekage efective
in the market place); and
¢ the sutomatic poll taker (elini-
nates the intesviewer),

.

NEW CONCEPTS & METHODS

NEW concepts and methods reported
for the delermication of preference
include: & new type of pilof consumer
panel; the Food Action Rating-Seale
(FACT); the facial hedonic sesle; the
semantic differentisl; the trend-rating
method; and pupil responss messure-
mesth

A Hiw Cencapt la Pilot
Cuuumﬂ Teiting

‘A mew concept in pquL consumer teal-

ing is based on the premise that the
food product itsel{—as represented by
ils use uad sensory properties—is of
firt concern, Laking priority over mer-
chandising taetics, packagirg xnd cen.
renience (Ceul ef of, 1959). Such »
fest may be an adequale predecessor
to & market lest:provided that it is
earcfully designed. It should be de-
signed to determine whether or nzt
the product achicves the conrept the
producer hed in mind whea ke aet ¢!
ta develop it.

Tre pilol ennsnmer panel should be
chmen wecarding ta the {o'lowing lest
ahjectives:

(1) 1 meadifeation or linp
of the curvent product;

(2) 2 replncenment fer xn existizg
one;

{3) ¢ challenges
product; or

{4} & mew product which has zo
prototype.

rovement

to L compelitive

Panelists are selected cn the bas's
of the following quslicalions: iates-
est, cammunleativeness, diseriminslory
focd huying habits znd iatelligence.
The philosophy in seTectErg such o
perel is that *if the preduct plezse

- then, it likely will pleese others whae

quality standards may be lower 224
who 2re followers rather then leaders”
{Csul et ol., 1959},

This aew lype of pilot comsureer
panel kas been defized {or very spe-
cifie objectives directed towerd the ool
product ratker than iowezd the ccze
miners remselves. 11 should not hs
confused with the uvsmal =mell con-
cumer lest in which-an eTort ia nuds
to select a2 population representat:ve
of the intanded uvsers,

Facd Actian Rating Sezld {FACT)

Three lypes of suecessive category~
rating scales used for mersurement of
food attitudes ere: grality judgment;
like-Cislike afTects and zction,

A cine-point successire-categary focd
action rating scale for measuring food
aceeptance was developsd by Schuls
{1965), The FACT acale can be seen
in Figure 1, It requires the individusl
to be very specific about what actiozt
he would take in terms of the number
of times he would be inlerested in rat-

“ing & {ood product in a given perind.

A 1cale using nine-poinis waa chosen

" to pennit direct eomparison of the new

sexle with 2 Fedosie scile in order 1o
test usefulneas a3 a lool in 2 laboralory
aad in & survey quentioonaire,
Comparison of the resuity showed &
bigh correlalion. The dinlnbutina: nf

-




1
i

-

T ATTITUCE JATING TOIN

redings was leas skewed for the FACT

Im . - pIT. ]m [

]”“ J scale then for the hedonic scale, and

[{-- 44

the FAGT teale was more sensitive Lo
food diffcrences than the hedonie ceale,

1 voutd (AT TXIS DvILT b A
CTIORTVRITT 1 R -

1 vouULh EIT TXIS . - 1.
YIXT OTTIX ;

1 VOULD TILQUTXTLY
TAT THIS

1 LIIZ INIS &xD wveunn
LAT IT ROV XD TYIX

1 SOULD TAT THIS [T AvATLALLZ __4 M
EUT WIRILD WET S0 LT CF KT #AT

f Dow'T LIXX T It VOULD
TAT IT O AX CCCASIOR

i YLD RAZLY
L¥IX LAT TK1$

I WOULD ZAT TXI3 OWLY IT TXILL
VIRL %0 OTHLX OO CxSICTS

1 VOULD 4T THIS 1P 1
VINC 7ORCI TO .

The ruperiority of- the FACT scale
eould be dee in-part o the more realis-
tic zffiicde thel oze has when one
mikes en action stetement rather then
simply 2n tffeclive one concerzing
-5 T food producia {Schul:, 1863).

The FACT scale is not mesnt es =
replicement for the hedonie ieale er
other alcclive metheds. The othess
ean be Lsed with efectivecess 10 evaiu-
tting the =pecile charscleristis of
T T food such s xppesmizes or lexture.

The FACT scale ean only Se used es

an over-sil measurement of {oad 2c-

ceplance (Schulz, 1965).

The FACT ccale s being ueed &t
Hunt-Wesson Feods (where it =23 de-
reloped) s well 13 by independent

- market resesrch groups.

e S Faclal Hedenle Scile

Descriptive phreses mey difer grestly
in ambiguity (Jones et ol., 19553) =cd
problenis ia temantics have arisen with
the yie of descripiive rating scales.
Peryem ot al. (1860) reported that
judges drawn {rom the mililsry tended

to avoid the response “dislike moder-

COTEINTI

(-~ 4

alely” in ihe hedonic sesle, Jones
et al, (1855h) in 2 study of payeho-
physical semanties fooad thal there

oL,

———

wig confusion wmong inch soldier suh-
Jeets about the messing of this phrase.
Some placed it in its proper relstics-

ot

ship to the other terms; otiery maied
it on the “like” side ol the scale. They
coneluded thet 152 wag relaied to the
colloquial use of “moderile” rs 2n ex-

[4--

pression of mild appreciation in he
sease of “good” or “favorsbie Thus
& contradiction would arise for sonme

people when the word was joined with

Fi1o. 1. Food Attitude Rating Form for FACT Method. Reference: Schuls,  wupia.n ik Id resolre the
19635, Reprinted by kind perminsion of the Inatituts of Food Technologiis, w;;lil::%’ :’:idu:; ;_:an._:;:q_

0 O = O- O
PLEASE CHECK THE 8OX UNMDIR THE FICGURE
WHICH BIST DISCRIRIS HOW YOU FLIL
ABOUT THIS PRODUCT.

Fuo. 2. Fociol Jledonic Sea's Developed by the Continene
tal Cen Company, Ine. Reference: Elis, 1964, Reprinted
by kind permisrion of the Sociaty of Soft Drink Techmol-
ogiata,

Simops ¢f o, {1957) observed that
peired hedoaic tet perticipanis were
: frosirated whea they “liked” the tws

PLACE LAOK CALD GXBER THE BOX THAT 8I5T PO TOUR OWK OFINION

ﬁ::‘,.laf

T
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F1a. 3. Facial Hedonic Scale Daveloped by the Gacor
Mayer Company. Referemce: Twadl, 1966. Reprinted by
kind permistion of the Orear Moyer Compony.
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ssmples.sqislly, but bad a prefercnce
. fg,;@ﬁ-lmq found no place oa the
T acote shicet “whete this informelion
{eould be recorded. They coneluded that
is method caused respondents to
l' place more emphasis on completion of
+ The Tesponse sheet than on precision in
¥ noting a diflerente in degree of like-
H

5-pess. i
l:&"? A modifled hedenie method which
:;erves te minimize confusion due to
erminology is the focil hedonie or
Smiley” reting seale. In this methed,
faces depict the degree of plessare, or
displessure, experienced by the sub.
ect, A neulral face is the medizn in-
fervel. These scales may consist of
Eftve, seven or nine fices, Figures 2, 3,
€ 1nd 5 chow examples of the facial
‘Bedanie scales. Data is treated in the
ssme manner 85 for the werd hedonie

l scale. .

Little published data is availahle to
support the reliability of this methed,
l but its {airly widesprasd use indicales

‘that the method is considered o be

Nuoe Mo
"ACCEPTANCE EVALUATION

Plesae indicste yowe over-sil accaptis

Bulity of esch sampte by cheching oppo-

tite the faciel expression which bt

- represents rowe accepuace of ench pred-

1 wt Plenie vdd comments skt esch
tample ot the bonom of the sherta

Semple Noo 1 Sample No. 2

[ i

&

&

'._.‘-)

S—t————

Fi0, 5. Facisl Hedonic Scals Dae-

*loped by Swift ond Company. Ref--

trencs: Schmals, 1963, Reprnted by
& Ei8d peeminsion of Swift end Com-
3Apeny.
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Fie. 4. Focial Hedonic Scole For Chiddren. Beference:
Wellz, 1965. Reprinted by kind permiztion of td¢ Journs!
of Advertising Resesrch. Copyright 1565 ddveriiving Re-

fearch Foundastion, Ine.

bath reliable and senmsitive. General
Foods, Oscar Muayer, Continental Cin
and Swift are among those who regu-
larly use this methed. )

Coe investigator using & seven-point

" scale reports that there is 2 “play” oa

all faces and that this scale is more

sensitive than tke seven-point word °

hedonie scale, .
Wells (1965) found that children

- 5T years old used this msthod well

and that they are mch readier to use

the faces than they sre to use words or

numbers. The method appears to aliow
good communiceatica with respondents
who do not seem to hire any dificully
understanding what is required of them
Tegardless of sge (5 years or older),
intelligence, edrestion or even xbility
to speak English, References {or the
fecial bedonie niethnd include Schmalz
(1963) ; Ellis (19464); Wells (1963);
snd Twedt (1965).

Semantle Ditfersatial Methed

Recently, semantic differential lests
have been wused {o learn about con-
sumer desires and resctions to flavors
(Moores, 1966).

This type of test is designed to find
oot which descriptive measures really
deseribe the flavor of the food. Con.
sumers are given cither a single list
of words describing & flavor or two
parallel lists of words with opposite
meanings (see Fig. ) and- saked o
give & relative numericsl acore of their
opinions regarding esch taste charae-
teristie,

Osgood ef al. (1957} provide & com-
plete deseription of the logie, nse and
evaloation of this method as an objee-
tive measare of messing. Some.of the
major sdvantages of the semantic dif-
ferentis] sre that many dimensions

"

ean be explored in & short time and
that it is easy o administer (Tiwedt,
1968}, Semantic differeatisl tests can
be conducted by mad. Figure 7 thows
4 scale for rating ¢ concept of & prod-
uet. Figure § shows profilea for Ave
hypothetical varisbles judged on Sre
different concept scales,

Hansen (1961) reported the Graphic-

Semantic Profile 23 2 methed for eval-

.caling beer. A weighted average score

is oblzined for eseh Javor charscieris-
tic and thesc scores are plotled on
graph paper.

The intportance of the graphb lies iz
the proximity of the two profile lines
to one snother. The arithmetic resalis
shown by plotting the weighted aver-
xpes have to be evaluated for statistieal
significsnce. (Hansen gives po detalls
on how the siatistical analyais is
tade.} Desirability of 2 signifeant dif-
ference depends on whether ius proflle
line is to the left or right of the coa-
trol beer’s profile line.- If the test beer's
profile line is lo the right, the taste

" tester rexction is decidedly unfavoruble.
. If the two profile lines coincide or are

not significantly differext from one
snother, the twe beess bave registered

Eild  Bltter
Iged Cresn
To Artertaste  AftsTtasts
Yo AfSerthizst  Afterthirst
¥ot Cagiy Csary
Fleasant Taste  Unpleasent Tugte
Xon-filling Pilling
Pall=bedied  Vatery

Fro. 8, Parollel Lists of Words
with Opposite Maanings Used in the
Semantic Differential Mathod Ref-
cremce: Flansew, 1961, Reprinied
by kind prrmission of Modermn
Brewery Age. )

)




¥ Fro. 7. Scols for Rating a Prod.
Ect Concept in the Semantic Diffcr.
Botiol Mcthod. Reference: Qagood
Bt 51, 1957.. Reprinted by kind per-
Baission of the Uniceraity of Hiinats
A

Boroximalely the same leste senm.
n among testers for thet partieslar
Bietion. Toslerk might be cailed upon
§ further describe the importance of
fxvor charscteriatics {Hansen, 1061).

Little has been puhlished on the ap.
siiealion af the semantic differential,
>ausibly (1) becaute of the unwilling-
eu of companies to publish consumer
leseriptions (profiles) of their prod.
:efa; or (2) because of problema in-
calved in the anslysis of data obtained.
ere is & good deal of interest in
semantie differentisl approsch. In
ition to describing the flevor of
it cauld be useful in determining
el or company image ss well as
srelunaling packige deaign., It s a
od which should be used with 2
t desl of common sense—it is xor
thod which ean be simply un off
& computer. .

ad-Rating Mothed -

ﬁc trend-raling method is concerned
repested evtlustions (use) of the
sexe product. Jt wis developed by

Bysr ¢t of, (i961) for investigating

momumer resction fo beer,

-“Barlier work hy Byer et al, (1953)
& discriminative methods  (expert
punslr) indicated that multi-campie
tomparison msy work 1o obscure the

! reactions. It was thought that

D E

P10, 8. Semantic Difcrential. Pre-
Qs for Five Rypethstical Veriables

o Five Diferent Comerpt
U Refaraneas _ Oupopds et

,L -

-~

this might be of particular imporlance
with non-expert panels where the
malti.sample evelustion iz & Inarked
change from the ususl consamer itu.
stion in which only one ptoduet is
consumed st & time, and that it might
diminish & Lraler’s sensitivity or other-
wise alter his reazction to the flavor
charscteristion (Byer o af,, 19681},
The trend-rating method involves 2

single stimulus presentstion with four

seaione of evaluation for any one
alimolzs. An  unstroctured  vertieal
scale (the bost & beer could he—the
warat & beer could be} i used.

The unstructured scsle is wsed for

_ seversl ressons:

{1) to provide more freedom in
rating;

(2} to make it less likely that the
taster will be influenced by his previ.
ous ratingy;

(3} to avoid hedonis terms so that
& person who has no special liking or
disliking for a given preduct will not
he asked to give an illogical rating of
“yery pleasing” or “very displeasing”;

() to avoid miscaderstanding of
terms or nomerical scales where the
highest nomber somelinies corresponds
o the beat product and sometimes to
the warsts and

{5) to allow a larpe port of the stz.
tistical eperations ta he-done geometri-

eally by plotting the mtings and trend

hnﬂ on graph paper.

Qeaphing of exch taster’s perfor-

- mance indicslcs whether or not his

ntmg is rising or {siling. It also per-
riits a-comparison of taster perfor-
mances, Such measurement of whether
the product increascs or decresaes in
aceeptability with repeated consump.
tion forms & novel fealure of this
method. The trend-rating method sge.
eesxfolly indicated differences in ac-
ceplability between brands of beer
(Byer et al., 1981},

Pupll Respenss Messurament’

{Eye Comaisl

The eye eamers method is based on the

" messurement of an involuatary phyio-

logieai respoase—the dilation or con-
traction of the eye pupil as & messsre
of acceptability, All other acceplabil.
ity determining mnethods measure vol-

> wntary ‘responses and are thersfore *
subject to biag,

This method was de'reloped by Hess
at the University of Chicago (Hess,
1985; Hesa of oL, 1980; 1084; 1068)
and hss been reviewed by Ellis (1987).

It bas been inrestigated ‘mostly with ’

O

atimulus piclure i3 reverse projected
by-slides. A motionipicture camera
records the reflected imege of the eye,
Site changes in the pupil ere then
messured on the film with ¢ ruler.

Plexsant stimuli tend to caune dila-
tion whereas dnplessant slimuli tend
to cause constrictien. Changes in pupil
size 2re Tery sensilive, somelimen re-
rezling response differcnces not appar-
ent lo subject or investigalor at the
verbel level

Hess established » corvelation be-
tween pupil response and preference

* by testing 64 persons with five pictures

of food using the eye camera xnd also
hy asking them to rank the foods from
“favorite” to “least preferred” The
reaults do sugpest that o techmquc for
messuring & response . .. that is not
ander the control of the persen being

. tested oy yield more sccurate repre-

sentations of an attitude than can be
ohtaired wilh even & well-drawn ques-
lionnaire or with sonte devious projecs
tive technique in which a person's
verhal or mator respanses are recorded

*in an effort to uncover his real feel.

ings” (Hess, 1365)..

A limited smount nf work hax been
done uding the sctoal food stimn'us
rather than the visuel stimulus, Fla-
ror studies with liquide {carbonated
drinks, chneolate drinks, milk, concen-
trated “lémen juice and quinine ‘wolu.
tion} indicated that hoth pleasaat shd
unpleasent drinka might cause sn in-
erease in paupil zize. Of five orange
drinks selected as heing plessant, one
esnsed a aignificantly larger averzge
inerease in pupil size .than did the
ather four. This data correlated with
that ohtained from a separate prefer-

_ence test in which the same orange

heverspe was prefervred fo the olher
four {Hess ef al, 1060).

Preliminary studies with the senae
of sinell and the eye camera have been
conducted, but nowpublished informa-
tion Is yet availsble. Effect of lactile
stimuli on pupil response as toncerncd
with textiles is also being investimated.

The pupil response method is cur-
rently being vaed to study responses to
packages, products snd adverlising as
well as the process of decision making,
racial attitudes and the eficacy of dif-
ferent methods of problem-solving.

peEST
© AVAILABLE

Marplan, . s. commaszicstions.research -

organization in New Tork, and Allied
Research Coandl iz Chicsgo are two

- firms currently wisg the eys camera
- az & means of iekrmmmg tonsumer
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STATISTICAL ANALYSIS
Friedman Analysis for Ranked Data

The Friedman statistic is used to determine if dirferences exist between
samples being ranked for a single attribute, such as sweetness, saltiness or
preference. The data are ordinal and do not give the degree of difference
between samples. The Friedman test, like the F-test, tells us whether the
samples are different. To determine which samples are different a secondary
multiple comparison procedure must be used.

(It should be noted that there is a set of tables developed by Kramer to
determine if rank sums were statistically different. These tables published in
1973 in Food Technologyv are not Ionoef considered correct. In 1988, Basker
(Food Technology 42(2): 79) pubhshed revised tables, which are more correct
and are for > 20 panelists).

Ranking Tests:

For ranking tests where all samples are evaluated simultaneously, the
procedure is as follows (see also Poste et al,, pp. 26-29). This is a randomized
complete block (RCB) design.

Example:

A ranking test was used to compare the saltiness of four soups made
with NzCl, KCl, and two blends. Eight panelists rated the samples as shown
in the taktle.

Rank scores of seasoning agents for saltiness (1 = most salty).

Treatments

Panelists NaCl KCl Blend 1 Blend 2
1 1 3 2 4
2 2 3 1 4
3 1 2 4 3
4 1 2 3 4
5 1 4 2 3
6 1 3 2 4
7 2 4 1 3
8 1 2 3 4

Rank Sum 10 23 18 29




The Friedman’s T statistic is calculated as follows

T=([12/br(r+1)]in,-]—3b(r+1)

where

b= no. of panelists
t=  no. of treatments
Xj= rank sum of sample (column total)

For our example:

[12/8 x 4x 5)(102 + 232 + 182 + 292) - 3(8 x 5)
(12/160)(100 + 529 + 324 + 841) - 3(40)
(0.075)(1794) - 120

134.55 - 120

14.55

T

Use table T5 to find the value of chi-square (¢2) with 3 d.f. (t-1) at & = 0.05. The
value is 7.81. Since T is greater than 7.81 (14.55 > 7.81), the samples are
significantly different in saltiness.

To determine which samples are significantly different use the
HSDrank test (Eq. 24 in Meilgaard, p. 268) for RCB design. (Note: Poste et al.
on p. 28-29 call this test an LSDrank. Meilgaard et al. uses a slightly different
formula for LSDrank: Eq. 15, p. 261. Be sure to specify which you are using.)

In this case & = 0.05, t = no. of treatments = 4), and d.f. always equals < for the
rank tests.

HSDpo = 4, AbIG+1)]12

From Table T14, g.,.=3.63
3.638(#)(4+1)/12
3.63v13.33

= 133

HSDprank
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Any two samples whose rank sums differ by more than 13.3 are significantly
different.

Blend 2 - Na(l =29-10 =19>13.3
KCl - Na(Cl =23-10 =13<13.3
Blend 1 =~ -WNadl =18-10 = 8<«133
KCl - Blend 1 =23-18 = 5<133
Blend 2 - Blend 1 =29-18 =11<133
Blend 2 - KCl =29-23 = 6<133

Therefore NaCl is significantly saltier than Blend 2, but no other significant
differences exist in saltiness between samgcles.

However, if the LSD,_, =1, ,zl_wfbl(t“'rl) /6 is used, the results are slightly
different. (Use table T4 to calculate LSDrank).

Pairwise Ranking

In this test, a series of samples are presented in pairs (multiple paired
comparison), and the evaluation is done on the basis of a single attribute.
This allows us to arrange the samples on an intensity scale of a given
attribute, and gives a numerical indication of differences between samples.
The significance is determined by the Friedman analysis. Since the panelists
do not receive all the samples simultaneously, this is a balanced incomplete

block design.

Example: The manufacturer of a vanilla cookie has the choice of 4 different
vanilla extracts. The project objective is to determine which vanilla extract
has the most potential for use. The test objective is to rank the vanilla
cookies from the most to least intense vanilla flavor. Each cockie (vanillas A,
B, C, D) is presented with every other cookie to 15 panelists. The number of
times (out of 15) each (row) sample is rated as “more intense vanilla” than
each (column) sample is shown in the table.

Column Samples (less intense )

A B C D

A —- 1 0 3

Row B 14 —_ 2 3
{more C 15 13 - 0
intense ) D 12 12 15 —-




First, calculate rank sums for the samples. Remember if A is ranked more
intense it gets a 1, and if it is ranked less intense it gets a 2. So for sample A,
add the sum of the row frequencies (0 + 1 + 2) to twice the column frequencies
({2(14 + 10 + 1.

Sample : A B C D
Row frequency (1+0+3) (14-2-3) (15-13+0) (12+12+13)

2 x Column 2(14+15+12)  2(1+13+12)  2(0~2+13) 2(3+3+0)
frequency )

Rank Sum &6 71 62 51
The test statistic (Friedman's T) is calculated by the following equation, which

is a special case of Eq. 13 in Meilgaard (t = treatments, p = panelists, R = rank
sum).

T= ((4 / p:)ZR'-’)'— Ot -11%
N =1

For. this example:

T = (4/15 x 4)(862 + 712 + 622 + 512) - 9 x 13[4 - 1}%)
= (0.067)(7396 + 3041 + 38+t + 2601) - 1215
=1265- 1215

=50.09
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Compare the calculated value for T (30.09) with the critical value of c2 with
(¢#-1)d.f. in Table T5.

o 0.05 0.01
Critical T 7.81 11.3

Since T is 50.09, it is greater than the critical T, so there is a significant
difference in vanilla intensity.

40 50 60 70 80 S0
Most Intense

To determine which are different, calculate the HSD value, using Table T14
for q. Note: This is a special case of Eq. 25.

HSD = qa','_-\fpf /4
HSD =3.634/154)/ 4

HSD =14.06
A B C D
85 71 62 51

D has more intense vanilla flavor than A, B or C.
C is more intense than A, but no different from B.
A is significantly weaker than C or D.




Experimental Design
and Analysis of Sensory Tests

Understanding experimental design is the

first step in obtaining accurate results

JOEL L. SIDEL and HERBERT STONE -

0O THE MAJOR PURPOSE of any sensorv evalua-
tion study is to provide information regarding the
effect of certain experimental treatments upon a
particular population. That effect usually is described
as changes or differences 1n a response which are
measured and then analyvzed using one or more
mathematical operations. The accuracy of informa-
tion provided by the sensory study will depend upon
selection of an appropriate experimental design and

. appropriate analysis of the data.

DESIGN COMPONENTS

In a very broad sense, experimental design refers to
all the primary components of a sensory experiment.
These components are: product objective, test (hy-
pothesis) objective, testing environment, samples,
Judges, response forms, serving procedure, and data
analysis. .

In a more-restricted sense, experimental design
refers only to the particular sequence in which a set of
samples is presented to a specified population of
judges. Analysis refers to the specific mathematical
operations applied to the collected responses. Selec-
tion of the appropriate design and analysis for a
sznsory experiment will depend on the information
associated with these components. For this reason, it
is appropriate to identtfy the contribution of each of

thess components to “use without abuse” in a sensory -

experiment.

¢ Objectives. The first stage in designing a sensory
study s the planning; proper planning requires a
complete and concise statement of both the project
objective and the test objective, obtained through
communication with the requester, Without ade-
quate delineation of these objectives, one cannot be

expected to design an appropriate experiment. The

fo!lowing are examples of appropriate and inappro-
priate statements of opjectives:

Appropriate

Project Objective: To cost-reduce product X-Y-Z .

without altering its acceptability.

Test Objective: To determine whether current and

cost-reduced X-Y.Z are detectably different.
Inappropriate

Project Objective: New formula X-Y-Z acceptance
Test Objective: Triangle difterence test

A test objective may take the form of a hypothesis

THE AUTHORS are with Tragon Corp . F.O. Box 783, Falo
Ano, CA 84302 .

{which must be stated clearly and conciselv during
the planning stages). The hypothesis will have a
considerable influence on selection of the statistical
method for testing the hypothesis and, when appro-
priate, on the selection of the probabilities associated
with use of a one- or a two-tall test. An exampie of 2
test objective requiring a one-tail test1s: "To deter-
mine whether Sample A is rated sweeter than Sample
B.” Note that there is no concern whether Sample A
is as sweet as or less sweet than Sample B, An
example of a test objective requiring a two-tail test is:
“To determine whether Sample A is rated equal in
sweetness to Sample B.” Note that there 1s toncern
whether Sample A is rated more or less sweet than
Sample B.

¢ Testing Environment. The physical conditions of
the facility are important because unanticipated
probiems can occur. The sensory evaluation literature
is in good agreement regarding the most appropriate
sensory test environment (Amerine et al, 1983;
ASTM, 1968; Stahi and Einstein, 1973). One consid-
eration of the test environment that deserves attan-
tton is the use of special hghting tv mask visual
product differences which could have a significant
impact on the validity of test conclusions. This may
occur (1) when the masking light does not successfully
mask wavelength (or hue), purity {saturation), and
lightness {luminance) differences, or (2) if the judge
has not previously demonstrated an ability o
perform sensory tasks under similar lighting conat-
tions. The first 15 a physical consideration, the second
is behavioral.

® Samples. The samples should be selected to
provide an adequate test for both project and test
objectives. Their type and number will inrivence
most, if not all, components of the sensory experi-
ment. For example, if the sample number exceeds that
which a judge can comfortably evaluate in a sinzle
session, an incomplete block design may be required.
Sample intensity will influence the mterstimulus
interval, as well as the procedure used to remove
sample residue to minimize sensory fatigue. In addi-
tion, sample intensity may determine which test we
select (e.g., single-sample, paired, or multisample test)
and the serving sequence (e.y, simultancous vs
successive, random or balanced vs fiaed, fiom weak to
strong, etc.). In practice, sensory practitionels may
choose a duo-trio test rather than a tnangle difletence
test, simply to reduce judge exposure to ntense
samples.

® Judges. As with sample choice, judge lype and
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number are directly related to the test objective.
Trained judges are used for descriptive and quality
assessments, Experienced judges, selected on the basis
of discrimination ability, are used in discrimination
tests. And either experienced or inexperienced judges
qualifying on the basis of acceptance attitudes (*lik-
ers” of a product class) are used for affective tests.
Confsuion and problems can occur when the incorrect
panelist is used, ¢.g., when untrained panelists are
used in descriptive analysis or when trained panelists
are used to obtain consumer acceptance data.

In most sensory tests, each judge receives more
than one of the sample set, for reasons of test
efficiency, thus dictating the use of designs and

analyses for dependent rather than independent data. .

Often, however, over the course of a single study
requiring many different test data, e.g., a storage

study, the panel may consist of both new and “old” ~

i'jl.;gges. This is especially true if we must draw on a
ited number of judges from a fixed population at
each withdrawal period of the storage study. We end
up with both dependence and independence. Some
solve this problem by choosing the more-conservative
independence analyses; however, we would be more
comfortable with betzer analyses designed specifically
for this mixed situation. :
Selection of the appropriate number of judges for
an experiment poses additional difficulties. Use of too
few judges may require large differences between
samples for statistical significance, whereas use of too
many judges may result in statistical significance
with extremely small differences between samples.
Both results may be valid from a statistical aspect,

but they may be impractical and misleading to the-

product developer, We suggest consideration of both

Table 1—-EXPERIMENTAL DESIGNS and tast plans—a
partial hsting {source- Cachran and Cox, 1957)

Numbaer of
Design test plans
Completely randormized -
Randomized block -
Latin square 10
Complete -
Incomplete 30
Quasi-Latin squares 14
Graeco-Latin squares 8
Crossover -
Confounded 14
Splt-plot -
Factorial = 2 :
Fractional factonal -
Response surface -
First-order —
Second-order -
Incormplete block 48
Balanced -
Parually-balanced -
Chain block -
Lattice -
Balanced 16
Partially-balanced -
Rectangular -
Cubic -
Balanced lattice square B

Fig. T
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statistical and practica] differences. Selection of the
appropriate panel size will best bring together these
differences. When in doubt, a preliminary study
should be done from which the number of judges
required for a specified level of significance can be
caleulated. Figure 1 presents data generated from a
number of consumer test panels. From these data, we
can determine the number of judges to use for the
specified level of significance desired when designing
sirnilar types of panel tests. Note that we rapdly
enter a sitvation of diminishing returns by adding
panelists at around 30-40, and especially beyond 100
Judges.

& Response Form. A primary consideration in the
selection of an appropriate statistical test of the
experiment’s hypothesis is the form of response.
Judges” responses may be classified into one or more
of the following categories:

(1) Open-end responses. These refer to questions
such as “What did you particularly ike about Sample
A7 or simply a request for “Coraments.” Upon
obtaining these responses, the experimenter proceeds
to establish categories of response reflecting the state-
ments made by the judges.

(2) Selection or choice responses. These are
frequently usad in sensory evaluation. [n each case,
the judge is asked to select the sample from the set
according to some stated critena, such as preterence,
difference, a specific attribute, or some level of an
attribute. Usually the judge is required to select the
one sample which sausties the spectfied critena;
occasionally he may be asked to select more than one
from the set. The latter is a sorting task and, because
of the additional complexities of assigning appro-
priate probabilities to sample choice {as well as the
Judge's need to have a good memory), is less popu-
iar

(3) Scaled responses. Judges may be asked to scale
or otherwise attach some number or value to edch
sample. They may be asked to rank each sample,
score it on a rating scale (either numerical or graphic),
or assign some ratio or magnitude (Stevens, 1936;
1962) relative to another sample or established refer-
ence. For each response form, there are appropuiate
procedures for statistical analysis. When judges are
asked to perform multiple selections or score many
aspects of a sample sct, as with a multidimensional
scaling task, additional complex data reduction
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analyses are available (Green and Rao, 1972), Many
of these procedures will be discussed below.

¢ Serving Procedure. Another major consideration
in designing the experiment, and one which will
influence selection of the statistical analyses, is the
sample serving procedure. This procedure inciudes
the physical conditions of the sample and the presen-
tation sequence (i.e, the test plan), Table 1 is a partial
list of experimental designs and test plans taken from
a textbook on experimental design {Cochran and Cox,
1957). More than 20 design categories and 150
different test plans are hsted. Awareness of design

plans should help'the sensory practitioner select or
develop designs for which a satisfactory analysis is
available. It is less than desirable to do an experiment
to which no reasonable statistical analysis may be
applied.

In sensory testing, we want to develop design plans
that minimize the interactive effects of judge,
product, and time, rather than test for them. For this
reason, completely-randomized designs are often less
desirable than balanced-block designs which have
been completely balanced for judge, order, sample,
and replication.

An example of completely-balanced, 4-sample,

.‘-‘."g.. 2 Fig. 3 .
4-SAMPLE BALANCED BLOCK DESIGN 4-SAMPLE, 3 REPLICATION, BALANCED BLOCK DESIGN
REPLICATIONS
e | Ol dedge ] Order Sodse | Ocdw Eaaard SRS Oeder ot Ordwr ¢t Crcee uf
H 1234 1 2341 ] 3412 Presenie e Presentaien Frrntatom Prruncation
2 24113 § 3124 10 4231 1 4312 1241 2134 1423
3 3142 7 8213 " 1324 1 1114 t413 £§312 1241
4 43121 1 1432 12 2143 3 1214 1314 3421 $11312
. 4 1421 4132 1243 2314
Y 3 €121 1342 J2t4 2431
. 1114 2431 . oe113 1342
7 4211 2143 1324 1412
Jutpe | Ordw Judge | Order dudge | Order 3 1324 1112 111 1123
13 14123 17 1423 Fi 2314 [} 2141 1124 1432 4211
M {1322 13 4112 2 3421 1% 1412 4213 2341 3124
15 2411 -~ 19 2114 n 1241 " 2411 123 3142 4121
% 3214 20 13241 1 4132 NI LA i 1413 1zas
Fig. 4
JUDGE| CRDER
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3 | 2341 '
4 2431
] 1234
8 4213 ..
7 1142 NOTES: 3. PAIRS
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11 2143 EACH SAMPLE 13 6
12 14312 - -
. 4 . 4
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14 1324 - v
15 1214 2 SAMPLE . 23 ] 3
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monadic, sequential tests is shown in Figare 2. Note
that the design is not random, but is completely
balanced. All possible permutations occur and are
ordered in blocks of four, such that each sample is
tested in each serving position before another block is
begun. This may not entirely eliminate a sample
X time interaction during a test; however, it should
minimize it. This exact design need not be repeated
each time a 4-sample test with 24 judges is planned.
Other serving sequences are possible, as can be seen
when replications are added {Fig. 3). However, note
that the replicated design also is completely balanced
such that each judge tests each sample in all possible
serving orders. The 4.sample, .24-judge, no-replica-
tion-type design may te used in a laboratory accept-
ance test; the 4-sample, 12-judge, 3-replication-type
decign may be used in a trained-panel descriptive
test.

For most sensory tests, replication is desirable for

both statistical and behavioral reasons. Statistically, -

error-term selection 1n two-way designs (similar to
those shown in Figs. 2 and 3) often can be
substantially improved by adding a replication.
Behaviorally, replication gives us an opportunity to
study response consistency of both the panel and the
individual judges. Although randomization over a
large number of tests may be a more-desirable
approach, random plans may introduce considerable
order bias as related to an individual judge, sample, or
period of time. An example of a random design in
which the only restriction is that each judge test each
sample is given in Figure 4. Note that all samples do
not occur in all test positions an equal number of
times, thus failing to minimize position bias which
occurs in sensory tests (Eindhoven et al., 1964). Next,
some sample pairs never occur, while others occur as
many as 10 times, thus not equalizing possible
contrast and convergence effects, again known to
occur in sensory tests (Kamenetzky, 1959). Finally,
all permutations do not occur an equal number of
times,

In balanced-block designs, the complete permuta-
tion block should be presented before repeating any

_order in that block. Completing the permutation

before replication should ensure that all samples were
tested 1n all positions equally, both early and laterin
the study, thus minimizing possible time and
sequence effects.

In discrimination tests, we may also wish to
rminimize the sample X time effect. Figure 5 shows
how this may be achieved in the triangle test. There
are six possible orders for serving in the triangle test.
The first block of six permutations is given to the
first six judges, the second block to the next six, and
so on. Within each block of permutations, the experi-
menter may choose to rearrange or randomize the
position of an order. If judges are to receive more than
one set of the test samples, the experimenter may
randomly assign the repeat sets, as in Figure 6, or
again completely balance the design, as in Figure 7,
such that judges will not get the odd sample in the
same position (unless more than three sets are given
to a judee). Random assigning of 1epeat sets is most
appropriate when judges are frequent participants in
triangle tests and may “learn” to expect that the odd
sample position is always the same or dillerent on
replicate tests, When such learning 15 not possible ot
is muumal, the completely-balanced approach may be

.
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¢ Data Analysis. Figure 8 lists some typical kinds of
statistical tests used to analyze sensory data and the
judge response form most appropriate for these

analyses,
Open-end comments can he counted once they are
categorized, and these frequencies can be converted
{n* T a ~ate ry with the most
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comments may be of interest; seldom is further
analysis warranted.

To analyze choice data, there are many special
tables available which are based on the chi-square (x?)
or binomial distribution. In paired tests, the data may
be converted to percentages and a t-test for propor-
tions performed. For rank data, one can refer to tables
{such as those published by Kramer, 1960; 1963) that
identify samples ranked significantly different. Other
treatments of rank data include chi-square analysis of
rank order and Spearman’s correlation technique
(Siegel, 1956; Snedecor, 1956; Hollander and Wolle,
1973).

If data have been collected using a scalar device but
the assumptions for use of metne statistics are not
met, many non-parametric techniques are available
for analysis (Siegel, 1956; Hollander and Wolfe, 1973).
The non-parametric methods require conversion of
the data to ranks and may be more poweriul than
metric statistics in cases where the assumptions for
quantitative analysis have been seriously violated.
Other procedures for analyzing data whose statistical
assumptions are in question or violated inciude log
and square-root transformations prier to conven-
tional analyses. The important point is to select the
appropriate analysis for the data.

PLAN AHEAD

There are many designs, plans, and analyses to
choose from. ‘The experimental design should be
selected well in advance of the sensory test and
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should be chosen to at least provide: (1) an unbiased
estimate of the effect to be measured, (2) a vahd
estimate of the variability of the estimated efiect, (3)
an opportunity io use a simple mathematical model
in the analysis of data and for testing z specific
hypothesis concerning the true effects, and (4) effi-
dency in terms of cost per unit of information.
Don’t force-fit your data to an analysis because it is
the only analysis you know or have. Plan your
experiment ahead so that you can orchestrate
properly all the components of experimental design to
allow for the most powerful analysis possible.
Finally, a note of caution: Summaly statistics aie
fine; however, procedures which allow for viewing
individuel judge response patterns may help you to
avoid nonsense similar to looking for that one-half
person in the average family of two and one-half.

REFERENCES

Amenne, M.A., Pangborn, R.M. and Roesler, E.B. 1965, “Prnaples of
Sensory Evaluation of Food.” Academic Press. New York.

ASTM 1963, “Manual cn Sensory Testing Methods,” STP 434. Am. Soe. for
Testing and Matenals, Committee E-18. Philadelphua, Pa.

Cochran, W.G. and Coz, G.M. 1957, “Expenmental Design,” 2nd ed. Joha
Wiley & Sona, New York

Eindhoven, 4., Peryam, D Heiligman, F., and Hamman J.W. 1964, Effect of
sample sequence on food preference. J. Food Sei 20{4); 520

Green, P.E. and Rso, V.P, 1972 “Applied Multidimensional Scaling: A
Cormparisan of Approaches and Algorithms.™ Holt, Rinehars and Wnston,
Ine, New York

Huilander, M. and Wolle, D.A. 1971 “Nonperametnc Statistical Mathoda™
John Wiley & Sons, New York.

Kimenetzky, J 1959 Contrast and convergence efects in ratungs of foods. J.
Applied Psychol. 43(1}): 47

Knramer, A. 1960, A rapid method for determining mgnificance of differences
from rank sums Food Technol 14(11). 576,

Kramer, A. 1963 Revised tables for determiniag significance of differsnces.
Food Techaol 17(3). 86, |

Swgel, 5. 1956 ~Nonparametric Statisties for the Behavioral Saences.”
McGraw-Hill, New York.

Snedecor, G.W. 1956 ~Statistical Methods™ Sth ed. lowa Suie College
Pres, Asnes, lowa.

Stahl, W H. and Einstsin, M.A. 1973, Sensory testing methods, In “Encyclo-
pedia of Industrual Chemical Analys:a” Yol. 17. John Wiley & Sons, New
York.

Stevens, $.5. 1956, The direct estimation of sensory magnitudes: Loudnesa.
Am. J. Paychol. 8%{1).1.

Stavens, 5.5, 19652, Mathematics, measurement, and psychuphr"‘fS In
“Handboo} of Experimental Psychology,” S.S. Stevens, ed. John Wiley &
Sons, New York.

Based ot s paper presented dunng the Sensary Evslustion Divesion
sympaaium, “Use Without Abuse of Sensory Measuremenu,” dunng the
th Annual Meeting of the lnsutute of Food Technologuts, Autheun,

Calif, June &9, 1378



http:ageta.to

t

APPENDIX Vi

Questionnaire and Results

Nombre:

Compaiifa:

Fecha:

EVALUACION DE CONOCIMIENTOS
ANALISIS SENSORIAL

Por favor consteste a cada una de las siguientes preguntas.

Defina qué es andlisis Sensorial:

¢(Puede el andlisis sensorial ser sustituido por pruebas instrumentales? ;Por qué?

Descniba brevemente el mecanismo de percepcidn de olores:

Mencione 2 aspectos importantes para llevar a cabo andlisis sensorial:

Mencione 3 dreas en las que se utiliza andlisis sensorial dentro de la indusina de
ziimentos:

Describa por que es importante el orden de presentacién de muestras en una prueba de

. andlisis sensorial:



10.

Seleccién Miltiple

Para cada pregunta, seleccione la letra que corresponde a la respuesta correcta y escribala
en la linea de la derecha.

El patron de inspiracién y espiracién a través de la nariz durante la evaluacidn de
odorantes se llama? g

Respiracidn

Husmeo
Aromatizacion
Sensibilidad olfatoria

ppow

La probabilidad de obtener una respuesta correcta al azar en la prueba de duo-trio es:

a, 25%
b. 33%
c. 50%
d. 62%

En las pruebas afectivas, los evaluadores deben ser:

a. Semi-entrenados

b. No entrenados (consumidores)
C. Expertos

d. Capaces de discriminar

La prueba que identifica y cuantifica las caracteristicas sensoriales de un producto se
Hama;:

Prueba de ordenamiento
Andlisis descriptivo
Prueba hedénica
Ninguna de las anteriores

e o



11.

12.

13.

La prueba en la que el juez identifica el tipo de estimulo que esta evaluando, 50% de las
veces, se llama?

Umbral de deteccidn
Umbral de diferencia
Umbral de reconocimiento
Umbral términal

ao.op

¢El error de rechazar la hipdtesis nula (Ho) cuando ésta es correcta, se conoce en
estadistica como?

Error tipo II (B)

Error tipo I ()
Propabilidad 0.9 ()
Ninguno de los anteriores

ao o

Describa brevemente cudles son las mds importantes pruebas de diferencia y las ventajas
y desventajas de cada una de ellas:



14,

Describa el tipo de pruebas sensoriales y tipo de jueces que usted utilizaria para resolver
la siguiente situacidn:

La compaiiia desea utilizar un substituto de grasa en Ia elaboracidn del queso cheddar
bajo en-grasa. Este nuevo producto (con /3 menos de grasa comparado con el producto
normal), estd destinado a satisfacer la necesidad de un sector especifico de consumidores.

Se ha preparado un prototipo en planta y adn no se conocen las caracteristicas sensoriales
del mismo. Desarrollo de nuevos productos, todavia no se sabe si este producto serd
aceptado por el consumidor. ;Le gustard a la poblacion?

Que tipo de pruebas sugeriria que se hicieran si usted fuera el analista sensorial.



RESULTS FROM SENSORY EVALUATION KNOWLEDGE TEST

i

Participant Initial Score Final Score
% correct % correct
Patricia Bernal 27 52
Orlando Buitragoc (was late) - 80
Martha Caceres : 26 71
Nidia Fajardo 26 61
Javier Fernadez 46 70
Nelson Gonzalegz 25 75
Rosalina Lopez 12 35
Iris Lopez 23 71
Victoria Monje 27 a3
Liz Murillo 42 76
Liza Pira 36 69
Gustavo Reyes 27 80
Indra de Reyes 28 75
Pedro odriguesz 32 46
Sonia de Sarmiento 39 47
Frank Tosta 24 €9
Marissa Umana 27 83
Ana Lucrecia Urizar 40 68
Lisbheth Villatoro 17 67
Paulina Wittkowski 36 92
Jeanny Zimeri 32 90

Mean score 29 70
Max 46 93
Min 12 35

v



& BN =

mE .
[

A HE B

d

APPENDIX VI

Course Evaluation

Table 1
Course Organization
Questions Excellent Good Regular Bad Very Bad Total
% % % % % %
How was the coordination of the course? 55 40 5 100
How was the organization of the program activities? 50 45 5 100
How was the organization of the laboratory practices? 55 40 5 100
Table 2
Instruction and Course Content
Questions Excellent Good Regular Bad Very Bad Total
% % % % % %
How was the presentation of the lectures? 65 35 100
How was the task developed by the instructor? 85 15 100
How would you rate 20 65 15 100
the classroom facilities
How would you rate the technical information 65 35 100
received (expected vs. actually received?
Table 3
Practical Sessions
Questions Excellent | Good Regular Bad Very Bad Total
% % % % % %
How was the relationship between lectures and 75 25 100
laboratory practices?
How was the organization of the laboratory activities? 40 40 15 100
How helpful was the lab manual for the development 60 40 100
of the laboratory practices?
Table 4
General Evaluation
Questions Too Long/ Right Too Stort/ Total
Just Right % % Too Little % %
How would you rate the duration of the course? 70 30 100
How would you rate the amount of information and material given? 95 5 100
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