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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? 

. SUSTAIN represents a successful collaborative effort between the U.S. food industry and the Agency for 
International Development (A.LD.) 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 transportation, 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.I.D. missions and trade associations in d,eveloping 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 requests to SUSTAIN through the A.I.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 consultants 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 or improve quality 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
mation, consultants 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 health 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 presents a hazard to human health, and improper waste disposal can contribute 
to enviromnental 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. Bravatty 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. 

II. REPORT 

The second Central American Sensory Evaluation Short Course was offered at !NCAP 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 !NCAP 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 audiovisual aids and a list of products to be evaluated. At !NCAP, temporary booths for 
sensory evaluation were built (in addition to permanent ones). 

Ms. Bravatty arrived in Guatemala on November 5th and held meetings with !NCAP 
professionals. She reviewed the program and laboratory procedures for the course. Selection of some 
products to be evaluated was done in order to 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 gnidelines 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 total 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 evaluated the three products. After each 
lab session, a detailed statistical analysis of results was carried out. A written report of the results for 
each test was written by the participants. 

There was good interaction between the participants and the instructor. The; 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 know ledge 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 fmal 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. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX I 

SUSTAIN Description 

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 developillg 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 (c) food processing (d) food fortification (e) packaging (t) marketing (g) weaning foods and (h) 
environmental technologies. 

How the Program Works 

SUSTAIN receives requests for assistance from individnal 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 a 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 eqnlpment 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.{i222 
Fax: (202) 628.{i726 
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APPENDIX II 

Biography of SUSTAlN Volunteer 

BRENDA BRA VATTY, 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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APPENDIXm 

Short Course Curriculum 

SEGUNDO CURSO 
CENTROAMERICANO 

DE ANALISIS SENSORIAL 

PRESENT ADO POR 

INSTITUTO DE NUTRICION DE CENTRO 
Al\1EruCA Y PANAMA 

(INCAP/OPS) 

PROYFCTO SHARING UNITED STATES 
TECHNOLOGY TO AID IN THE IMPROVEMENT 

O~ NUTRITIOJ:-J 
(SUST A1."f) 

ASOCIACION GUATEMALTECA DE TECNOLOGOS 
EN ALIMENTOS 

(AGTA) 

Project SWSfAIN ~AGTA 

Guatemala, 9· U de noviembre de 1,993. 



SEGUNDO CURSO CENTROAMERICANO DE ANALISIS SENSORIAL 

PROGRAMA 

I FECHAJHORA I ACfIVIDADffEMA I RESPONSABLE 

Marte; 9 de noviembre 

8:30-9:00 Inseripci6n Srita. Claudia Pereira 
Entrega de nlateriales 

9:00-9:15 Introdueei6n Dr. Luiz Elias 

9:15-9:30 EI Amilisis Sensorial en la Industria lng. Ana Miriam Obreg6n 
de Alimentos Centroamericana 

9:30-11:00 Allalisis Sellsorial: Lie. Brend.l Srd \ all) 
"Generalidades 
"USOS 
Fisiologia de la pereepci6n: 
"Olfato 

11:00·12:15 Laboratorio lA: Lie. Brenda Brayatty 
Identificaci6n de olores Tecnicas de laboratorio 

12:15-13:30 Almuerzo 

13:30-15:00 Fisiologfa del gusto: Lie. Brenda Bra,atty 
*Evaluaci6n de te,tura 
*Umbrales de percepci6n 

15:00-16:30 Laboratorios IB, lC Y lD Lie. Brenda Bramtty 
Tecnicas de laboratorio. 

Mien:oIes 10 de noviembre 

8:30-10:30 Requisitos para lIevar a cabo amilisis Lie. Brenda Brayatty 
sensorial 

10:30-10:45 Coffee. break Srita. Claudia Pereira 

SegUDdo C""", Cwl,,;acuao- de ADaISs SemoriaI 
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10:45-11:45 

11:45-12:15 

12: 15-13 :30 

13:30-14:45 

14:45-16:00 

Jueoes 11 de DO'riEmbre 

8:30·10:30 

10:30-10:45 

10:45-12:15 

12:15-13:30 

13:30-14:30 

14:30-16:30 

Viemes 12 de noviembre 

8:30-10:30 

10:30-10:45 

10:45-12:15 

13:30-15:00 

15:00-16:00 

16:00 

Tt<cnicas de laboratorio: 

Dernostraci6n de laboratorio: 
Preparaci6n de muestras, bandejas, 
iJ]StruccioPf;S . v cuestionario. 

Lectura. 
Trabajo en grupo 

Almuerzo 

Pruebas de AruUisis Sensorial 

Pruebas estadisticas 

Pruebas de diferencla 

Coffe break 

Laboratorio 2 

Almuerzo 

Resultados de pruebas de diferencla 

AruUisis Descript;vo: 
T eona y laboratorio 

Pruebas de aeeptabilidad 

Coffe break 

Laboratorio 
Elaboraci6n de euestionario 

Amllis;s de Datos 
Resultados 
Escribir reporte 

Comentarios finales 
Diseusi6n en grupo 

Clausura 

Sra. Albertina de Cifuentes 
Sra. Lucrecia de Polanco 

Lie. Brenda Bravatty 
Tecrucas de laboratorio 

" 
Lie. Brenda Bravatty 

Lie. Brenda Bravatty 

Dr. Ricardo SibrWt 

Lie. Brenda Bravatty 

Lie. Brenda Bravatty 

Lie. Brenda Bravatty 

Lie. Brenda Bravatty 
Tecrucas de laboralorio 

Lie. Brenda Bravally 

Srita. Claudia Pereira 

Lie. Brenda Bravatly 

Lie. Brenda Bravatly 

Lie. Brenda Bravatty 

Dr. Hernan Delgado 
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INTRODUCCION 

Con el objeto de apoyar a In industria 
alimcntaria de Centroamcrica y Panama, el 
Instituto de Nutrici6n de Centro America y 
Panama (lNCAP), In Asoclaci6n 
Guatcmalteca de Tecnologos en Alimentos 
(AGTA) y el Proyecto Sustam organizan el 
Segundo Semmario Ccntroamericano de 
Amilisis Sensorial 

EI anal Isis sensorial es una diSCI pllnn cientiflca 
que se uhiiz..'l pam meUlf las caraclerishcas 
de los nlimentosa trnves de los sentidos. La 
lIluustria allmentaria moderna aprovecha la 
informacion obtemda a trnves del annlisis 
sensorial para el dlseno y desarrollo de 
nuevos productos, <lsi como para la 
determinacion de In aceptabilidad, control 
de calidad de los productos ya cxistentcs y 
como un "poyo al departamento de 
mercad(.'O. 

DIRIGIDOA 

Profesionnles que trabaJan en el area de 
producci6n, control de cali dad y mercadeo 
en la industna cenrro .... lmencanadealimentos, 
que tengan poca 0 nmguna expenencia en el 
uso de las pruebas de analisis sensorial. 

OBJETIVOS 

1. Describir los metodussensoriales basicos, 
sus ventajas, usos y el analisi!. de sus 
resultados 

2. Dar a conocer la importancla de la 
evaluacion sensorial ucntro del proceso 
de produccion, mercadco y consumo de 
alimentos. 

- - - - - -
Capncitnr nl personal de In industria de 
alimentos y docentes universitnrios en el 
uso ndecuado de las metodologins 
utdizndas en la evaluaci6n de 
caracteristicas sensoriales y aceptabilidad 
de alimentos 

METODOlOGIA 

La exposici6n del contenido sera por medio 
de IIltervenciones maglstrales, discusiones 
de grupo, revisiones bibliogrnficasy pnicticas 
diarias de Inboratorlo. 

CONTENIDO 

IntroJuccion a In evaluacion sensorial. 

2 Descnpcion detallnda de pruebas de 
c..Ilferencia y aceptabilidad, usos, ventajas, 
anallsls de datos e interpretacion de 
resultados 

3 Brevedescripciondeanalisisdescriptivo, 
sus usos. 

4 Selecclon y entrenamiento de jucces para 
pruebas sensoriales y como motivar y 
monitori:mr su rendlmiento. 

-

5 Uso de las diferentes metodologias para 
resolver problemas especificos en la 'f) 
industria de alimentos U 

6 Como preparar informes de pruebas ~ 
sensoriales. ~ 

\. J 
Los particlpantes podnin proporclonar r->t'" 
muestras de uno de sus productos para scr .. 
evaluados durante el eu'rso (favor mdicarlo ,j. 
al momento de inscribirse) 0} 

i. 

- - - - - -
/u' 1?1';; r~h;'~,ff:::ff~J.'~/'::"~· ;"j~/~ W ,v;'" .," ,w,/."} 

I'~:~~;~;.;"",,"" ,,' 
Nutrici6n de Centro America y Panama 
(INCAP), Carretera Roosevelt, zona 11 
Ciudad de Guatemala, Guatemala. 

EI curso tendni una duraci6n de cuntro 
d,ascomprendidosdel9al12de noviembre 
de 1993. 

COSTO E INSCRIPCION 

El curso tendra un costo de USS$ 300 00 
(QI,740.00) por participante. Este valor 
induyeel derechoal usodelas instalaclones 
y laboratorio, material bibliogrMico y 
equipo a utilizarse en el laboratorio, 
almuerzosdurantecuatrodiasy transporte 
local. Losgastosdehotel noestan induidos. 

La inscripci6n para el curso se cierra el 26 
deodubrede 1,993. Inscripcionesdespues 
de esa fecha tend ran un costo adidonal de 
US$ 2000. Si cancela con cheque, favor 
hacerlo pagadero a INCAI' (favor lIevar 
cheque personal mente 0 enviarlo via cou­
rier). 

Inscripci6nemformaciOncomunicarsecon: 

Programa de Mercadeo y Servlcios 
Tecnicos 
INCAP 

c/o Ing. Ana Miriam Obregon 
TelCfono PBX (502-2) 719912 
Facsimi! (502-2) 736529 
Correa clectronico 
RI'LORES®UCRVM2.BITNET 

-

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


I 

-

Par" lO'>criblrse mcluir. nombre y npeilldo, 
tnstituci6n> 0 empresn dondc Inborn, 
profeslon, cargo que desempenn, d i reeelon, 
telefono, fax. Para partie.pantcs extranjcros, 
por favor incluir In fec;ha de llegada a Gua­
temnla, In linea acrca y el vut'io 

INSTRUCTORA DEL CURSO 

Lie. Brenda Bravalty 
MSC. ell Atimentos y Nutricion 
Consullora de AnaJisis Senso­
rial, EEUU 

L'l Lie. Br'ilvatty obtuvo su 
postgrado en Antihsis Sensorial 
de Ahmentos en In Universidad 
de Manitoba, Winnipeg. 
Canada. Actualmente trabaja 
como consultorn para 
compaiHas como Nutra Sweet 
Tropicana y otras, ademas de 
colaborar en proyectos de 
invcstignci6n en In Universidad 
de illinois. Su expenencia en el 
uso de difcrentes metodologias 
de eval1.taClon ~nsonal en una 
amplia v.-riedad de productos 
sera cortlfarhda en este curso. 

- - - - -

I 

-

PERFIL DEL EGRESADO 

AI rln:lh.mr cI CllrS() los P:lrtlC'lpanlcs 
Sl:!rtin nlp.l('CS de 

J. Dt'ftnlf cl ~lIlahSIS M:O')ona! dc ahlJlcnlo~ 

2. COfllpr<.'nder y t..'xpliC':lr los proC'csos 
ri5io16gicos dc pcr<'cpcion en cl ser 
hUlllano 

3.ldenlll'kar los rcqulsiloS nllnlOioS 
nc(csanos para Ilcvar a cab() pr'llcb>ls de 
an;'illsls sen.'>orial 

ti. DcsC'riim las pruchas scnsorialcs mas 
Importantesqllc sc uUlizan en la cvaluaCion 
de OIliest r.lS 

S. ESlablc{'cr 13. unportan('!a de los tnClm.lo~ 
de analisic;scnsonal dcntro de los prorew., 
IIcvados a caho por 13 industria dc 
alllTlClllos 

6 SclCC('10naf <l los lllCC'CS ma!> apropl:tdos 
par.1 IJ c\'alu;)('lon dc las mucstr:l!> en las 
dilt.'remes pnlc\)as scnsorialcs 

7 Anah7.ar C InlcrprL'l.ar adcC'uadamcntc, a 
h"J,Yes de IIlclodos csw.di~tl{'()s, los Jatos 
oblcnido!> en pnlchas scnson:llc~, 

8 Cono('Cr 1a lilCfJIUra y hihhogmfia mas 
rc( icnlc ell cl ;\rca de anallsls scn!>onal 

() P\>lmOcar, mg.\nl1.ar y rcalll.u, ~1 nivcl dl! 
hlhorJlorio, la lIl:lyoria de 1:1') pruchas 
scnsoflalcs aprcndidJs 

- - - - - .. - -



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX IV 

List of Participants 

Jeanny E. Zimeri V. 
Ernpacadora Toledo, S.A. 
Avicola Billalobos 
Guatemala 
Ph: 7733441773608 

Ana Lucrecia Urizar H. 
Alimentos Centroamericanos S. A. 
(ALCASA) 
la Calle 36-07 Zona 11 
Guatemala 
Ph: 912167 

Liza Margarita Pira 
PolIo Campero 
50 calle 16-03 Zona 12 
Guatemala 
Ph: 761050170 

Orland Buitrago Rodriguez 
Compania Industrial Lido-Pozuelo 
cd. San Franciso, calle al Country Club 
Comayaguela, Honduras 
Ph: 336636 
Fax: 340762 

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

Javier Fernandex Schwartz 
Osmosis 
19 calle 12-S2 Zona 10 
Guatem$ 
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 

IndIa Mara Flores Zanboni de Reyes 
Fabrica Venus 
4a Calee 10-65 Zona 1 
Fabrica bA V 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 
Ba 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: 31077478328070 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 
Chlmaltenango, 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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I APPENDIX V 

I Laboratory Manual 

I SEGUNDO CURSO CENTROAMERICANO 
DE ANALISIS SENSORIAL 

I 
~> 

I 
.. 

I 
I 
I 
I 
I 
I Instituto de Nutrici6n de Centro America y Panama 

((NCAP) 

I 
I 
I 
I 
I 
I 

Gu~temala, 9 al 12 de noviembre de 1993 
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Instructora General: 

Licda. Brenda Rios de Bravatty, Analista Sensorial 

Consultora E.E. U. U. 

Tecnicos: 

Sra. Albertina de Cifuentes, INCAP 

Sra. Lucrecia de Polanco, INCAP - -

lng. Ana Miriam Obregon, lng. Quimica. USAC 
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SensoryEvalL~ation Guide 
for Testing. Food 

I 
and Beverage prOdl!cts 

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

I 
1 0 SENSORY EVALUATrON has heen defined as 

"a sci~ntilic discipline U;;('U to evoke, m(·asure, 
nnalY-le, and interpret reactions to those character· 
i;;tic;; of foods and m"terials as they are perceived 
by the zen,es of sight, smell, taste, louch, and 
h~Min~" (U"i', 1975).l\e'1 questiuns of l1lcth(,dolo· 
gy conCn'nl anyone who IIndcrtakcs the sensory 
evoluation of fouds. Which te;;t method is most 
aJlflroprintf~ What expfrimental design is most 
dlid~nt'! What statistic·a! treatment is most ap· 
plicabl~? 

I 
I 
I To develop standardized testing procedures, the 

Ccounittec on Sensory EVAluation of the Institute 
of Food Technologists 'in J96~ published a "Sensa. 
ry Testing Guide for Panel Evaluatiun of Foods 

.. _._- .. - ... _--------
. Tr.i$ Y'.Jit:e. WcS prr.';J(4!"f'd by .! ::ommlfC~ of (he 1FT Sensory 
E v.~.J.J.~tl'" OfV,sj~n con~ls:If"g of A.e. Dethmers (chairClan). G. V. 
CiVlJ:~. J.M £(J1erc, J,o. [(han/f, R.C. Hootman. K. Jeh/~. R. A. 
Xlu:rr. P Lo ...... H.R. /.lo$iowIU. R.M. Pt1ngtJorn, D.R. Pery"m. 
J. Pow("($. P.A. Prell, K. Pret/osi . ..1.S. Reaume, N.C. Roddguer. 
E.Z. ~/fl~r. J. Spci;il. H. Slont:. S. Sn~. L.S. Tanno. C. 
!.::=''2'. ,vld S. \-"\1. Vlhl/lccl. 

. . 

and Beverages" (1FT. 1954). Prell (1976) re'/iewed ' 
and revised that information to. inclu·de ru:rc~t 
procedures. test methods, applications, and r2i~:· 
en res. The information pre,cnted in this guice 
represents a further revision and expan,i~n oi 
tncsc versions. This guide is desig:1cd !CJ St·-\ ~ as a 
reference for in.jividu"ls working in the (ield nf 
scnsory evahlotiun and to promote standJ:diz,lti"n 
and consistency of test procedu:es and result, 

For supplement:!.!')! inforii13tio:1 0:1 phY5ic:1t (Oll' 
ditions of testing, e.g" testing area, sample prep,,· 
ration, and sample presentation, sce An:c:inc ct ?.1. 
(1965), AST1-J Committee E·]!, (!~63; 1973). SC?C,t 
and Einstein (1973), and brmond (1977), Fo: 
information on exr>erimental c.!esi~ns for Sens0ry 
tests, refer to Cochran and Cox (1957), Amorir.c et 

, 01. (1965), Win~r (1971), Horrison (!972i, anct Sdd 
and Stone (1976). For a glossary of standard 
definitions of terms relating to ~~nsory evaluatio;;, 
see ASTM Committee E·18 (1978). 

The 1FT Sensory E,'aluation Di,isio" h~s olso 
published rec am mended guidelines fo~ th~ tHera· 
ration and review or papers rcport.lng s~nsr.ry 
evaluation dota (1FT, 1931)-a rcvision of thc 1FT 
(1971) author guidelines, 

, -------::-:-:-.--_. 
F",~h mtmlll"l,'( Ih~ !~·r ~1'n",\ll)' F.,·.lu;alll·n nl\'i~i"n \>111 -"II .. rn,"· 

C'nll)' tC'("C';'f' u"''' 'O:j.lIU'I1 ,.( 1hi .. ~u .. l __ (1"1~ thr O,.d\iull frr( (It ,1 ... ,),. 
Sun/llcmh("n tIl 'hr J)l\bion 01:1'1 n",.lIn fCl'ltlnla tnt $..11\1 I J,h. 
~trlllid-m~t.1t' Iht chl"r~ (U)lb!t In ''In .. lillllC' or f",,<i Te.I,,-,,:,o;;.,.­
.ndl-f'M it .... ilh 4 Itqll,,,,, fur Il rrprint n{ ··SCI')f.t) l-:"IUJI:,IO C:,,'dr ( •. / 
Tr11in): F,w AUJ III\cf!'t,C' l'rtlClu~U" (IJ Jrr Ht'i'llnt U"I'I. J" .... \. 1\"1 
~1I1.'l1. CI.;t':II. IL r.or.~. --_._-. ....;.._----



Types of Applications 

It is th~ responsibility of the sensory scientist to 
~Iect and impl~lllent proper testing mct !;odolo. 
gies. A thorough understandin\: of the cxp.:iment. 

· er's ohjcctive(s) is essen tid!. The mo,t ce,,,:mcmly 
occurrinll industrial upplicatiolls nrc as follows: 

• New Product De;"c!upment. Some riew prod. 
ucts are unique (Le., there is no prototype), but 
most new products are imit.'ltiol1' or' variations of 
some established standard. In either cnse, pruduct 
developcrs need information on the sensory qu~lity 
and relative ucceptability of experimental proto· 

· type samples ~s input for market.'lbility. 
Sensory evaluation of a new product may involve 

the following test sequence: . 
. 1. Characterization of product prototype 
samples to determine uniqueness or a "point of 
ditferentiation" from related established prod. 
ucts. 

2. Evalu:ltic.n of the experimental prototype 
samples to establish whether differences exist 
among them (or between the prototype samples . 

· and a standard).' . 
3. Determination of whether the prototype 

samples nleet the acceptability requirements es· 
tabli.hed for the product (e.g., whether they are 
equal to or better than the standard). 

• Product M atchin~. Duplicating a standard (a 
prototypa, a competitor's product, etc.) ~equires a 
sel'_~ory testing sequence similar to that for new 
produc. development. . The ,objectiy'~, 0(. PcO,9\1~t, 
matchin::, however, is to verify that there is no, 
diJrer~nce b.'ween the standard and ,the experi. 
mental product, and that the two have equi"alent 
acceptability. , ' 

• Product Improvement. Real improvcment of 
a product can be m~nsured in a number of ways. 
The following is a logicnl testing sequence: 

, 1. Difference tests to determine whether the 
experimental product i5 different from the control 
(if it is not different. 'it cannot be belter). 

2. Affective tests, if products differ, to estab· 
lish whether the experimental product is liked 
more than the control (i.e., represents an improve. 
ment), ' 

.. Process Change.. A process change should 
mai,ntain or impro\'c the product. The testi,ng 
,equence is similar· to that for product improve. ' 
men!: , 

1. Difference tests to determine whether the 
experimental 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 Clr more than the control. 

• Cost Reduction nnd/or Selection of" a New 
Source or Supply. A succcs.~ful cost·reduction pro· 
gram based upon lower· priced ingredient,s, a lower. 
cost process, or production in a different location 
must yield an end product comparable to the 
pr?duct formerly produced. Chan!:e to II new sup· 

,pher of raw materi~l~ sh·.,uld also result in an end 

'product comparable to the standard or contre,1. 
The scquen,·c of seri~oJ)' evaluation in these situa· 
tions u5ually is as follows: 

1. Difference te,ts to establish whether the 
experimental product is different from the control 
(if it is not different, it must be as good as the 
contto\). 

2. Affective tests, if products differ, til estab· 
lish whether the exp~rimental product is liked as 
\Vl'1I as or more than the control. 

• Quality Control. Quality control procedures 
are used during production. distribution, and mar· 
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 tl.~ 
sample is different from the ,tandard (if it is nell 
different, it must be as good as the standard.) 

2. D~script;\'e tests, if the sample is found to 
be C1ifferent, to indicate how the sample differs 
from the s~andard. ~esul~ of these tests may be 
used to gUlde remedIal action, such as changes in 
processing procedures. . , . ' 

• Storage Stability. Product stability durin" 
transportation, warehousing, Clnd retailing anri 
during slorage in the home is es,ential to consumer 
satisfaction. To establish information on product 
shelf life, representat:ve samples are obtained, 
evaluated initially, and subjected to controlled 
storage conditions for subsequent test.'i. At specific 
lime inten'als;'st'orage sample; are withdrawn and 
evaluated. generally in comparison with a control. 
The control must be of the same production lot 'or 
batch as the test samples and must be held under: 
conditions known to maintain the original quolit)'. 
Sensory tc;ts to determine product storage stabili· 
ty may include the following: • 

I.-Difference tests to determine whether the 
storage samples are different from the control (if 
1\0 significant difference is found, product slabili'Y 
is assumed). . 

, 2. Descriptive tests, used alon~ or in conjunc. 
tion with difference tests, to characterize andl<'r 
quantify the changes that may have occurred duro 
ing storage. Descriptive anai)'Sis is frequently used 
in situations where maintenance of a control is 

. unrealistic. ' 
". . 3, Acceptance tes~ to deterr,nine t~e_~~latiy}, ' 
acceptance of stored products. 

'. Product G.:lding or Rating. Product grading 
'or ratili- requires,an accurate classification of the 
sample: accord in- to grade standards defined for 
the product, as w;ll as an evaluation o~ samples in 
relation to each other. Although grad:ng oay be 
done by chemical or instrumental anal)'ses, ~isCU5. 
sion in this guide will be limite? to grad,lOg by 
~ensory e\·aluatic.n. Calegory s;onng. or ratio scal· 
ing b.sed on the presence and ll1tcnslty of selectrd 
characteristics may b'e used to measure samples 
agllinst'!tandard specifications sct [or the prod· 
ucL ' 

~ontinutd oft n(I~ pace 
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• Consunter Acceptance ~nd/or Opinion •• Aft. 
o er bhnratory >crconing, it may be desirable to 
. submit pmduct to a central·location or home· 
pl~celllent (.cst to obtain consumer reaction. 
M,eplance tests will indicate whether the current 
pi ,Juel can be marketed or improvement i. 
n~eded. 

• Consumer P",(erenee. Prefer""ce tests 
among cOllsumers of the product cau be used to 
determine which sample is p:..:ferred. Preference 
screenine tests are oiten conducted with employee 
pancIi;Is. Although employee loots may not repre. 
sent a random sampling of the t.1rget population, 
directional information may be gained for design. 
jug subsequent conSUr.ler tests .. 

• 1';:1llelist Sd~ction and Training. The se· 
lection of ?ppropriate individuals for participation 
in trained \analytical) pands is essential to effec· 
til'e panel performance. Initial training can usually 
be accomplished during the ,elect:·,,, process. The 
methods mQst freq!!enlly used to select and train 
p.:Ulelists in the laboratory are as follows: 

1. Sensitivity. tesls to determine recognition 
of basic tsstes. Althou~h there is no evidence that 

. SCI1,ttivily lO'sweet, sour, salt, and biuer stimuli is 
related to performance on sensory panels, the 

panelists Gudges) should be able [0 differentiate 
unequivocally am(Jog these sensationS. to J.vt)id 
confusion of taste terminology. 

2. Difference tests to determine ability to 
. detect specific variations of the lest pmducl and to 

generate reproducible results. The product varin. 
tions illustrated during the seJection process 
should be similar to those which may be encoun· 
tercel during the actual operation. of the panel. 

3. Descriptive tests to determine "hility to 
measure differences and to generate reproducible 
results. As with the difference tests, the product 
variations illustrated durint; t~e scleclion process 
should be similar to those which nldY he enCGun· 
tered during the actual operation of the p"~.c1, cr.d 
the rating scale us cd should be the same as thot 
which will be used rlurbg the aclual panel opera· 
tion. 

• Correlation of Sensory with Chemical u"d 
Ph)'sical ~reasurem,·nts. I3ecause 5ensory ces· 
ponse to a product is of C0ncern to the deve!oper, it 
is essential to know how any chemical or !Jhy,ical 
method used compares with the human 5cnses, i.e., 
the panel's ability to detect and quantify ,en,ory 
characteristics. De5cdotive test methocl.5 with 
trained p~neIists are generally used for this pur· 
pose. 

__ ... ~ ______________________ L-__________ ~ ____________ ~ 

Types of Tests 
~.~"----~'~'.------------------~.---------------------------~ 

There are two major classifications' of sensory 
te;ts-analytical and affecti,e (Table 1): 

Analyttccl tes!s ~it! used 'for labOiator:r ~\':!l­
uJtion or products in terms of dilierences or simi­
Iarit!('s and for identification and quantification of 
SE:nsory characteristics. There are two major types 
of analytical tests-discriminative and descriptive. 
B'lth employ experienced andlor trained panelists. 
Potential panelists are screened for selected per· 
sonal traits, interest, and ability to discriminate 
differences and gener;)te reproducible results. 
Training further familiarizes the panelists with 
test rrocedures and increases their ability to recog· 
nize, iden~iiy, and recall sensory characteristics. 

Aff~cliue tests are used to evaluate preference 
and/or acceptance of prod!!cL,. Generally, a large 
numherof re5pondents is req"ired iorsuch e..-alua­
tillns. These panel;;ts are not trained, but are 
selected at large to repres~nt target or potential 
target populations. Panel members are selected in 
accordance with a numher of criteria, which fre· 
quently inclutle: (1) previous use of the product, (2) 
size uf family or age-of specific f~mily members, (:l) 

.occupation of head of household, (.1) economic or 
socialleveI, and (.5) geographic area. 

The various analytical·discriminative, :lnalyti. 
cal·descriptive, and Dlfective tests arc described 
heluwnnd in Table 2, and the specific.tes1.S for each 
type of arplicolion di"ussed in the previous sec· 
tion nre dcs~riuetl in Table 3. . 

___ ...:..A::.N::.A::L~Y.:T.:.:IC::A.:.:L:: • .:.OI::S..:C.:.:R.::~::.l:.:.:<.:.A..:T.:.IV.:.E=--:-:T.:E.:S;.::TS .. -----
There are two types of di$criminntive te,,,­

differt.!nce and senSitiVity. Difference lcsf.s rne;;surc 
whether samples con be differcntiated ot so,"c 

. predetermined le~el of statisticailltobabili~~. e.g: 
p < 0.05. SensitiVity tests me"surc th: ~Il\hty ot 
individual, to detect sensory characteristic;. 

• Difference '["ests. There arc sev.wl lypes of 
diiierencc tests: 

1. Paired· Comparison (Test 1 in T~hle 2). 
Tllo codec! samples arc c"alll"ted simultJneo,."ly 
or sequentially in a b:t!aiiced order of prescnt.Jtlon. 
There are two "arialions of this test: 
. a. Simple Different.:e. The jucige indicatc:t 
whether there is a C:iF."erence between the ':1m pies. 
The judge is lold beforehand that lhe. 'Jmples in 
each trial set to be tested may be Ide!)l"',,1 or 
dilferent. Complete randomness uf present.Hion is 
e"<",,tial so that the pelldist responds to e"ch trd 
set independentlY, . 

. b. Direclional DiITcrence. The Jud~e 
chooses the sample within each pair th"l .ha~ the 
~rp.ater :lmount of a specified Ch'UOlCll.'flSllc. r!"­

forced choice (no illdeterminate a",wers) IS 

required. . 
The n'ulllhcr of pilirs prc5cnted at aile ~C:\.."I()f1 

is limited by f"tigue or" udapt'liQn intliloed .. Uj' 
c~lcn5iv~ sellsClry testing. The .. hance I'rO~lJ\~I"lY 
of selcclin~ one sample over anolhl!( wllhlll Huh· 
vidual pairs is one· half. 
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119511: . P"" .. " lI9,51: 
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Byet ~nd A~t~tTlS (I 9 S,]1: 
GtidQ,=mO\n 09551: Xr:lI'~er 
and T .... '99 11 QS2): Pel yam 
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l19761 

Kilhn ct ill. "(197:11. Kramer 

(1960; 1903); Sn.:C:ccOl' ind 
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and Pratt (19S91 
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T~ (-CL.ASSIFICATION OF SENSOny EVALUATION MEnlOOS ~NO PANELS· 
----::---:----

,Approp('''. Trp, and No. 
__ ._.!L~~i~~ __ ' ___ -:-__ . _____ ..!~::'!!'!:h"':!~"=--____________ ..!.~I.!; .. ~n:!"~"",,::' ______ _ 
ANAL YTICAl: (vilv'lcs differences or 
J.imibt,l),. 1[Uo\I,ly lfld/IJI quantity eI sensory 
ch.Y~IC'I'IS:~!. 01 • ptcduc.t 

1. Ois.eiim;n.ltiy.: 

•• Odll$~l'Ic~: Mu$U'ts Simply 
wh.ct.'"Ief ~mprn ... e ClUettnt 

rued-c:ompatlson 
Ovo-tliO 

Tru.nol~ 

R~nking 

• SueeM:d lor inttlt:5t. l!JJ,ty to O:~C"!'I'I,n':II': 
6t(erences .nd le~roduC:e results. T,,,,.nc:d 
IQ l~tiOl"l as .a hl.mal'l ,anolrJ"!.;,.r a')~I(\lm.nl 

fQtln; dilfcrenC:IIKalar d'iffercn.ce 
from ecnltol 

• NO'mal $(n~a'y .Cully" Periodoc ttQual' •• 
urion a Panel Site de;)t·nd:. on proovC( 'rJr' 

~btliry lnd JUd\l~erlt re:uoduc.b<l'IY _ No 
reeorr, :''':lded "n~9'e nut""l~<:("_. numbe< 
ohen t.sed IS 10: .. reeor.'l:r.enCed m,r,t"'Ivl"1 
number is ~eneua'f S.-'SlnCe .'I'f-J,C"o1Cr co,/ld 
lepresent leo mvC~ dCOlendcnce v;:Jcn 00= 

ndi"idual's t':.~;:lons~s 

b. $cns;tr',ily: Mcasu'es '!I,bty 0' 
nOw.,\:)is to detect ~n~y char~ 
l<1C!'lsr.::(s) 

2. Ooseri~:i ... ~: MdStr.'es Qu3/l(iltlve 

IntJr$ C'j..:.anhU:,ve ch.1r.l!.t~,s:;clsl 

Thtes.hcJd 
Ollution 

BESI . ; 
AVAILABLE Attribute fOIling 

C;II!OC"Y S<::i\!ing 
ROItl() seiling (magn,ruce utlma:u;::) 

OesaiptiY'l: anoill1ll$ 

flaYCIt' profile an<llysis 
TutU'. Pfcllll! ~narysls 
QuantltJtive duCt:p:;ve J:'\alysis 

AFFECTiVE. EvoluJtes preference anC/r..t 
.:ce;l:lI\Ge af'.d/or Oi',roons of prOOUCI 

Pali'cd-pn:ference 
A.lr'llung; 

RillU'lg 

Htdoni; I~bar or facl<l1l se.le 
Food "tion sealt 

• R.nd;mly sel~Cld. Ul\tutr.ed • Re· 
ptutnUlive of lallie1 pOj:vl.t,:n • Cons",..,· 

ers of test prodv;t • No rec")t't'\me.,t!~:l 
"m:a<;;ie numt:tf" _mirum .. m is '7-"er.l'ly 2.; 

p.nelisu . .... ~i::h is S:lmc:':-1,:s cons'c:'~~ 
roug~ prOdv:t sCt~~n,n~: 50·100 p .. ocl,su 

usu.lly conSI:ere::l .dcc: .. a:e 

'~s:cd rl/e't:'ICU ).~~tt {197J1. A.lflI:fN CI.I Il:i5S}. AM$.A. 119181: ASiM CQl"!.M'f(t~ :·16' IISS!!' 1319 1':3'1 5t~l'I<:t It 11.11 ~5:1l. CJ .... II~~ 11. ~:I ... :''t el 
... {1~6li: E~ 119S5, 1951; 19101 H. $'" {1914. 1975bl.lFi {19S": 1919/: L.trmond 119171. M ... I .... !151J). PJvtlrl ..,d Ptl"J',m 11:551. xh",U 119111: S,il:tOm 01 ~1. 

{19S11, S!,j,."J .. ~ (rille.." tl97JI:SIQrlot It &I. tI97() 
~I ".e~ 2 

2. Duo·Trio (Test 2). Thi, test employs three 
samples. two identical and one different. One 
sam;>le i, identified a, the standard and presented 
first. followed by two coded samples, one of which 
is iclcnticul to lhe standard. The judge is required 
to identify the sample which matches the standard. 
The 5?mple used as the standard may be constant 
or alternated. As with the paireu-comparison ,and 
triangle tests, a forced choice is required and 
statistics may be applied to determine significance. 
The chance probability of selecting the lDatc~.ing 
sample is one· half. 

3. Triangle (Test 3). This test employs three 
coded samples. two idantical and one difTerent. 
presenter! simultaneously. None of the samples is I 

identified as thp standard. Control and experimen­
tal treatments arc systematically varied so that 
e~ch is presented in odd and identical sample 
positions on equal number of times. The judge 
must determine which of the three samples pre: 
sented differs from the other two. A forced ch"ice 
is required. Statistical analysis is used to deter­
mine whether a si~nifiC3nt difference between 
treatments «isIs. The prob"bilil)· of choosing the 
different or odd sample by chance alone is one-
third. . 

~. Ranl'ing (Test 4). This test is used to make 

." '. ~.- . -.. - .. l" ", '\ . 
.~ .. ~-. 

simult.:.:,couS com;>ari50ns of severdl samples on 
the basis of a.single ch.:lracteri5tlc. A con:rol need 
not be identified; all test sa!:lples are coded. Sam· 
pIes (which !:lay include a control or stanc~rd) are 
presented simultaneously and ranked accMdir.~ to 
intensity of the characteristic dcsigH.:ltcd; no tics 
are allowed.· Rank totals or average ranks arc 
obtained fo: each s<!mple; c:Gcrcnce;; are inter· 
preted t~rocgh stalistical an3lysis of the data. 

5. Racing Difference/Scaler Difference from 
Conerol (Test 5). This test rr:ay be usod when a . 
control sample is anilable for comparison with one 
or more experimental sampl~s, Judges receive all 
samples sir.:ultaneous!y, an identified control and 
coded ex;>erimenta! treatments. The con.rol mJY 
be introeuced as an unknown sample. Category 
scales ranging from "No di!:'ercnce from control" 
to "Very large difference from control" are t)"l,k.I. 
Statistical analysis of the dJta is used to show 
whether the degree of difference from the contraIlS 
significant. . 

• Sensitivity Tests. There arc two types of 
sensitivity tests: 

1. Threshold (Tesl G). Thresholds arc usu~:ly 

-Trxl continued on pa~c 5S 
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expre"Ni ns absolutr, whirh is the mlnlnlUm 
detectahle level of ronrcntrotion of a subslance. 
(Thrcsholcls shuuld be distinguished from the "just 
nolic,nhle differcnce," which is lhe lea,t amount of· 
ch:III"~ in conccntration of a givrn'"tirnulus neces· 
sary to produce a nCoticenble change in perception 
of that stimulus.) Criteria of response in detcrmin· 
ing these thre.;holds include detection threshold 
(nwar.ness of change from somc neutral back· 
ground) and recognition threshold (point at which 
thp stimulus becomp> idrntifiuble). Samples for 
threshold testing a're generally prepared as Ii log 
series of concentrations of a chemically pure stimu· 
Ius material in a neulral sub~trale. 
. Difference tesL, (normally paired.comparison, 
duo· trio, anci triangle) are appropriate for deter· 
mining thresholds, proy:·led fat.igue, carry·over, 
arodlor (lthn constraints ';.1 not eliminate a partie· 
ular methOd' . .J'ri':'a paired·comparison lest, the point 
in the 'se'rics lat:.\'ihich 75)0 of a judge's respollses 
arc corrert is usually designated a' the absolute 
threshold. 

An ascending and descending serics of concen· 
trations may al50 be used for d.t.rmining the. 
absolute threshold. Samples are presented one at a 
time in crder 0: ph)'sical conccntration, and the 

j'udge must indicate whether the designated stimu· 
us is detected. Sample presentation within the 

series is continued until the same judgmen' occurs 
for two successive presentations. Ascending and 
de;cencling seri~s ~re 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' 
determines the smallest amount of test material 
that can be detected when it is mixed with a 
stsndard mat~rial. The technique may provide 
information on relative intensities of treatments at 
comparnble dilution levels. Diluting iood samples 
m~y r"\'eal components that are masked in the 
composite. Dilution testing is limited to food prod. 
ucts that can be m~de homogeneous without 
afjecting the factor being tpst~d. Various differ· 
ence test methods such as paired'comparison, 
triangle, and ranking may be used to measure the 
ability of the panehst to detect changes in the 
concentration of the test food product. Data 
obt.ained may be statistically anaJi7.ed and graphi· 
cally illustrated. . 

ANilL YTlCAL·DESCRIPTtVE TESTS 

Descriptive tests attempt to identify sensory 
characteristics and quantify them. Panelists are 
selected on their ability.to perceive differe.nces 
bet.ween test products And verbalize perceptions. 
Special training is required to perform profile and 
quantitative descriptive analyses. 
Ther~ ore two general types of descriptive 

tests-attribute rating and descriptive an~lysis: 
• Attribute Rnting (Test 8). There are, in turn, 

twu types of rating lests: ' 
1. Cn.tcgary Scalin~ ~structured and unstru~. 

T-'blc3- RECO~MENqCO SENSORY TEST METtlODS f";'f ~, .. -:.I-: 
t)':>es 01 ~Nlki"Oflr-

----- ------.. -A;;;:;:-';:-;;:;:':~:~~ 
TT"" 01 ';I"r.,. ,,:on ra T,!)'. 2 ------_ ... ,-, 

Ne..., ptod~oc:r d.!\c:lo~'men, 

PIOdVC:l lIT\~rovc:menr 

Process elun;e 

COS! redVClion and:or serc~IIOI\ of 
;I nC'" SOIJ1CC' nf StJpply 

Quality ~onttol 
Slora'it: staCul't., 

Product Sta~<ng or rililng 
Consumer :,ce~)liInc:e and!or 00;1'1-

IQ~'. 

Cons· .. ':' preference 
Panelist ~e:ect.on and tr.ining 
CorrelilloOt'l of "'nsO'y With c:hotnl-

c,' 'r'ld ,,!':ys'c,,' measufemenl$ 

--.. "-
1.2. J.'. S. B. 9. 10. II. 

12. IJ 
1,2. J. s. 8, 9. 10. II. 12. 

IJ 
1.2. J. S. 8. 9. 10. 1.1. 12. 

. 13 

1.2, J. S. 8. 9. 10. 11. 12. 
lJ 

1,2.3, S. B. 9. 10. 11. 12. 
13 

1. 2. J. S. 8. 9. 10. II 
1.2. J. ~. 5, 8, 9, 10. t 1, 

12. lJ 
8 
12. 13 

1. '. 12 
1. 2. J. 4. 5. 6. 7. 8 
S. a. 9. 10. 11 

-------
·~9'!1fta ~~n,..al rt'I'tr.l::r~: f..!>t.IouIl97J1 . .:..mrl .... ~ cl ~ 1135:;1. MIS .... 

t 15i81: AST"" CO'l'\"'.:IU e-IS t106t\~ 1979: 19! 11: Elh~ a9~'I' U"sl'lllC: 7:'; 
1915:.: til. 1FT 1196"; 1979. 1!J501. L~IT'Ot'Id (1!l77). SI4N ..... 4 f"uNI 
119731 

tured). Coded samples are presented simulta· 
neously or sequentially in a balanced order wh,ich 
differs among the individual panel member.;. A 
sinalc-sample . product evaluation is se~.iI")r.1 
employed; mo;t perceptual judgments nre rel:a;;·e. 

. Category sc~)r$. consisting of a series ~f. \'.'v:-.d 
phra.,es (ad\'erbial or adjectival modiC:e:s) st,,,e· 
tured in ascending or descending order oi intensity 
are used to measure the specified altrihule (e.g., 
sweetness, off·fla'·or, etc.) An alternate sealin:;: 
nroccdure is an unstructured vertical or no:-il'or.:.:!! 
iine with verbal anchors at ~ach end to describi" Or 
limit the attribute. For analysis purpose;, succes· 
SiYe di.its are later as;igned to e:lch puiut re~re· 
sented on the scale, usua!ly beginuin~ at the rnd 
representing zero intensity. This follows the eM· 
vention oC having higher numbers repre!'en~ a 
greeter magnitude or more of a given qu~l:t)'. A 
statistical analysis (e.g., analysis of variance) of tr.e 
r.:ean intensity scores for each sample is u;ed to 
determine significant differences among the mC.1n 
scores for the samples represented. ' 

2. litllio Scaling (Magnitude EslimaliMj. 
This test is used to estimate the relations hi;:> 
between physical intensity and sens?,)' ma~nilude. 
It can also be used for comparative ratmgs on 
specific attributes !,mong tW? ?r more prc,clu<;ts. 
This method permits the partiCipant t~ ·usc .R w:ce 
range of numbers of his or her own ch'"ce With t~e 
property that. ratios or proportio!,s among tn~ 
numerical assIgnments rellect ratl~ of sensa.r) 
intensities. Participants must be gl\'en A bmf 
orientation in the method of ratio ;c<lling. Samples J 
are pre<ented successively, in a ballncedorder. If.c 
referenc~ is used, it must be presented lirst, and It 
may be reintroduced later if desired. The number 
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-i 'tll6-'sul)jcCL' IllIISt indkate a prefrrence (or one 
• 'snmplc ol'cr another. Hcsulls ara obtained in terms 

of the rclatil'c frequencies of choice of the twu 
samples represented, generally as accumulated fur 
011 {Jnrticipants. 

• Hankill;( Test (Test 4), This is, in effect, an 
extension of the paired.preference approach. 
Three or more coded samples arc presented simul­
taneou.ly, .umciont.in amount so that the subject 
c.,n check back on his or her lirst impression. The 
total number of sample, tested is depcndent.upon 
the subject's span of at I .... ·tion and m"nlory, as well 
as physiul',gical consid,·raliuns. The subject 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 evaluates samples only in relation to one ano­
ther. The amount of liking (or disliking) for indi­
vidual samples can!lot be adequately determined 
by this method. 

• Rating Tests. Scale ratings reflect respon­
d.nb' perceived intensity of a specified attribute· 
uncler a given set of conditions. Various rating 
scales have been developed nnd used: 

1 .. Hedonic Rating Scale (Test 12). This test 
is used to measure the level of liking for· food 
producta by a popublion. It may be applied in 
testing for preference or acceptance (i.e., prefer· 
ence is inferred from hedonic ratings). The methed 
relics on te.t ~ubjeets' capacities to report, directly 
and rcliaLly, their feelings of like ana dislike. 

Sevetal variations of the traditional .nine· 
point w:)rd hedonic scale have been used effective-' 
Iy. The,e indude: (1) a reduced number of rating 
catc:;ories, although nol fewer than five is recom­
mended; (2) a greater number of "like" rating 
categories than "dislike"; (3) omission of the neu­
~r.:ll£.Ung category, ( .. 0 substitution of the yerbal 
cate;ories by caricatures representing degrees of 
pleasure and displeasure (facial hedonic scale); and 
(5) Use of a nonstructured, nonnumericalline sctlle 
ancnorf:d with "like" and "dislike" on opposite 
ends. ~ 

Samples rnay be teste:! monadicall), (sin"lc 
sample), paired &~ainst a standard, or in cumbi; •. 
lions dictaled by statislilal design. The monadic 
test melho,1 is appropriate for determinin- the 
acceptability of a .n~w. or unu$llal food pr~cluct 
where there are no Similar produci.~ for compari­
snn. In a paired test, the .~perimen:al product is 
directly compared to the standard. Multiple·sam. 
pie comparisons mly also be used for preference 
screenings. In paired or multiple·sample compari. 
sons, samples are presented si:aultaneously or sue. 
cessively in a balanced order. The test subject is 
asked to evaluate each snm!>l. and mark lhe scales 
accordingly. Instructions must not inOuence th2 
subject's respon;e. 

Hedonic scale ratings are cOr1\.'ertcd to nur.H·;-­
ical scores, and statistical analysis is apilliecl to 
deterr.1.ine difference in degree of liki~g be:','>een ('It 

among sam~lel. A hedonic rating last can yield 
both absolute and relative iniormat;on ?bout the 
test sarnr!es. Absolute informc:tion is ceri\'ccl f:cr.1 
the degree of liking (or disliking) ir:diC2 ted fer eae:, 
sample, and relative information is ce,ived fro,,, 
the direction and degree of diiTHence between or 
among the sal:1{Jle scores. 

2. Food Actior! Rating Scale (Test 13). This 
test may be us,d to measure tbe level of acceptance 
of food products by a populatiop, Ti:e scalo is nct· 
applicable for rating sp~cific Ch[':o.!ctenstlcs; rathe: 
it is a measure of general attitude to ..... ard a iood 
product. This rating scale include. action 3S well ~ 
atTcctive-type statements. 1'\jr;e succe~ .... i ... e rilting 
categories ranging from "I would eat ~b:.JYt U5~. 
etc.) this .,·ery opportunity I had" to "I would ent 
this only if I were forced to" are represonted. One 

. or more samples may be tested. Sam;;les are p,e· 
sented sequec.tially in a balacced orde,. ane the 
test subject is told to deCide which of the slate· 
ments on the scale best represents his or he: 
attitude. Subjecta are nil owed to make their 0""' 
inferences about the meaning of the scale catego­
ries. The scale ratings are cOMerted to numeriral 
scores to facilitate statistical analysis of data. 
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RECONOCIMIENTO DE OlORES BASICOS 

Ponoh<;tll 'Yo Corroclo 
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APENDICE 2 continuaci6n 

Boleta para la prucba de reconocimic:lto de olores basicos 

Nombrc: 

Fecha: 

Reconocimiento de olorcs basicos 

Los frascos cubicrlos contiencn substancias olorosas que s:! 

encuentran comunmentc en cl hogar 0 el h:gar dc trabajo. Acerquc cl 

frasco a su nariz, S3qLlC la tapa, husmec brcvcn:ente 3 veccs y tratc d~ 

identificar el olor. Si no se Ie viene a h memoria cl nombre exaclo de b 

substancia, trale de dcscribir alguna COS3 can la que usted a,ocic esc olor. 

C6digo Olor 

121 
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I 
I 

I 
I , 
I 
I 
I 
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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 appreciated, What odor 
perception does best, the baSIS tor its reputatlon, IS to 
recreate Slgruflcant past epIsodes in a person's life, The 
French novelist Marcel Proust has provided the classic 
example, describmg at the beginning of Ius masterpIece 
Remembrance of TIIings Past how the aroma and flavor of a 
morsel of petlte madeleine soaked in a spoonful of tea 
brought back long-forgotten memories of his aunt's 
bedroom in the fanulv' 5 house at Combrav: "When from 
a long-dIstant past nothmg subsists, after'the people are 
dead, after the things are broken and 

But there is an important distinction between mem­
o,,' by recall and by recognihon, VladImir :>:aboko\', 
another among the many \·.-nters who ha\e pro\ided 
illustrations of odor perception, calls attenton In his 
early novel Mary to this rushnction: "Memo,,' can restore 
to life everything except smells, although notiung re­
,;\'es the past so completely as a smell that ,,'as once 
associated with it." At best, the ability to recall an odor is 
limited compared to one's ability t~ recall sounds and 
SIghts, There are two aspects to this, One is the mability 
to conjure up the odor sensahon, to recall, tor example, 
lemon, as One can recall its color or shape The other, of 

primar), concern here, is aS50aatn-e 
scattered, still alone, more fragile, 
but with more ,ita~tv, mare unsub­
stan hal, more persistent. more faIth­
tuL the smell and taste of thmgs , , , 
bear unfaltenng, m the tiny and al­
most impalpable drop of' therr es­
sence, the vast structure of recollec­
hon" 

We can recognize 
odors virtually forever, 

memory, the ability, for "ample, to 
use odors along WIth name5 or pic­
tures for mnemoruc purposes. 

To begm \I:ill-t, one must make a 
distmctIOn beh .. -een bemg able to re­
member the name of an odor and 
being able to recogruze the odor 
Recogrution memory refers to Judg­
ments regarding wiuch one of a set of 
odors has been encountered before, 
It does not reqmre speaal nam!n~. 

It IS not that odor memo,,' pro­
\1des storage for a large number of 
I:ems Rather, It In\'oh'es sIgrufICant 
.,::..1!:::.uJe:;, sULh dS that ~I.!::.cnbed bv 

though we have 
difficultlJ conjuring lip 
a particular smell and 
remembering its name 

p'roust, and odors of foods (mcluding those to which one 
has an aversion because of therr assoaabon with illness), 
persons, and places These are not, of course, the odors 
one can stud\' m the laborator\', where the excellence of 
long-term recogrutIon memon: of odors has been dOUl­

mented with typICal shmuh" (Engen and Ross 1973) 
FIgure 1 compares these results with the Prousoan 
phenomenon The strength oi memory vanes ,· .. ith the 
speaal invohement a person has " ... ith the odor Tune's 
potenhal mterference WIth memory IS negligible m the 
ca5~ of eIther laboratory or epIsodic odors. In this regard 
\l5Ua! and olfacto,,' recogrutlOn memory are dIfferent 
Tnere certamh' are such memorable events In nsual 
memorY, but long-term recognition memory is a speaal 
atmbute of olfachon, which shows an almost flat torget­
tlng curve in both the short and the long term (Engen et 
aL 1973) 

T rySS t/lg!?11 srndlllllt'd fro": the Dshl K..ltdr.ll~f,.<.Jl( ill .\<.Jrtt'a.t' m 19";0 and 
r(W''l'd /It, Ph 0 from t!1~ Umi. ~sltv of ,\(/ ra511 //I 195~ 5mu tllt'l' h( 
'_1~ i¥m mgagrd jll ((adl/llg r1l!d rtseartll at 8rOit'11 UIII:W:.lty alii! ,If tilt' 
UIm.'l'T'Slty of SfaJJlOllII The rfStarcli has i:-:>ell //I PSycill'/oglcal 
''It'l2$lIremcllt. wal, a SpffUlillltaest 11I a/falf.oll. Addr6$ Wllfter S. Hllllft'r 
Luwatory "r P:;.uch%,,(>I, B1J1.t'1I U/JI~,(,r5::y Prot'ldena, RI 01911, 

Anv meanE JdenhiIca::o:1 b\ a 
number or other svrnbol woulG :'e as 'valid as a na'rne, 
the only requirement being that each odor ha\ e a unique 
label. In Our early experiments, one odor \,,,'a5 ?resented 
at random from a predetennined set at each tnal to be 
Idenrnled \\1thout the help of comparison stlr!'uh or ails: 
of responses from \\'hlCh to choose (~hller 1933, The 5~Z2 
of the set from \'·:hich the test odor was selected \\.:15 

varied m order to detemune the ma'Cirnum n .. lmber of 
stunuh a subject could handle without cO:1rusli1g th2tr 
Idenhties For odor quality this number turned OU; to be 
about 16 m expenrnents .... .,th college students as \\'ell ~.5 
with traIned chenusts and pertumers (Engen and Ptatt­
mann 1960; Jones 1968), Such a level of perfonnance, 
known as channel capacity, IS sinular to tha: obsened 
\\;th Munsell chIps val}ing in color, bngh~e55, and SIZe 
(Enksen and Hake 1955), Contrar\' to earher opmIOn, 
then, the human ability to idenhfv a singJe ocor without 
any other cue is not outstand.tng but l~ sunilar to that 
obsen'ed with comparable stlmuli In ,;sIon and audI­
tion, 

Other researchers have argued that SUblectS can do 
better if tramed to name odors (Desor and Beauchamp 
197-4, Cam 1979). However, m evaluating the eftect ot 
trainIng it must be borne in rrund that In our e'penments 
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Figure 1. The specIal strength of odor memory-the relative 
pennanence of the abihty to recognize a gh·en odor-IS apparent 
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.... hen one compares it to recognitIon memory for pictures. The 
re1:ognition of sO-<"alled episodic odors, odors associated .... ,th 
sIgnificant real-life experiences, remains close to the imtial strength 
as time passes. By comparison, one's ability to recognize pictures 
sho .... n in a laboratory experiment. while as strong mitiall} as the 
ability to recognize episodic odors, decreases rapidly In a relat1\ely 
short time. Laboratory odors are not recognized well after a 
mimmal interval of hme, but, like episodiC odors, show HI'! httle 
long-term loss. 

the stimuli were equally likely to be presented, \\ hereas 
in the training experiments and in real life the chances 
\'ary over tnals. Unequal probabilities mean that the 
number of altemanve choices per odor in the set 15 

reduced. More importantly, the expenments we con­
ducted measured memory span and discriminability of 
stJmuli, not familiantv, which of course will be different 
for college students and perfumers. 

One avoids the naming problem by performing 
recogrutJon experiments (Engen and Ross 1973), but 
nammg remams an intereSTIng phenomenon. Visual 
objects and thell names are so closely linked that they 
are mseparable (Posner 1969) It seems unreasonable to 
assume, as apparently was done in the traJning expen­
ments referred to above, that people learn names for 
\1sual objects but somehow fali to learn names for odors, 
lea\ing them mcapable of showing the sIZe of thell odor 
memory Rather, It seems, as Nabokov suggests, that the 
lmkmg of names and odors is mherentlv weak. Tlus 
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 untrained person can do it and the nature 
of the words he or she uses for the task. 

The associative power of odor 
It has long been known by experimental psychologIsts 
that assoaating odors Wlth items to be learned is no 
more benehaal than associating them WIth nonsense 
syllables (Heywood and Vortnede 1903). One recent 
expenment shows that people take longer to learn to 
asscaate odors with numerical digIts than they do to 
asscaate abstract free-form line dra",mgs with dJgits 
(DaVIS 1977). In another expenment, it was found that 
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subjects were "sluggJsh" in leammg new \\ord assooa­
lions to make odors more lden,uiable (Cam 1980) 1There­
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 cllrllcal 
test of olfactJon. He presented 12 common odors­
almond, lemon, camphor, coffee, clove, aruse, chocolate, 
peppermint, nutmeg, tar, eucalyptus, and asaienda-to 
a control group of medical students to establish norms 
against whICh to evaluate pabents. To hIS surpnse. the 
typical medical student could identify only six such 
odors. 

Considering this difficulty m naming, It IS cunous 
that odor classIfIcatIon has dominated research ill olfac­
non. The working assumption IS that stimuh cause 
sensanons of certain qualines which subjects can de­
scnbe and categorIZe. What IS baSICally wrong with this 
approach is its emphasis on words, wluch ha\i' but a 
tenuous connectJ.on to odor percephon. The reason for 
the conTInued popularity of odor classIfICatlOn 15 un­
doubtedly that classIfIcation has pro\;ded meanmgiul 
data on color percepbon correlated \\lth 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 ,;sion. Thus Henning's smell 
prism, reproduced in Figure 2, is still presented !n 

textbooks as analogous to the color solid, although there 
is not a shred of e"dence that the smell pnsm IS \'alld as 
a model for understanding the sTImuli and olfactory 
receptors or that the words "flowery," "putrid," 
"fruity," IIresinous," "spicy," and "tarry" represen 
spedal odor qualities analogous to the colors bJue, green, 
yellow, and red. 

The fact that one rnav recognize an odor as farru.lJar 
without being able to na;- , !t has been descnbed as the 

'The smell and taste of things , , , bear 
unfaltering, in the tiny and almost 
impalpable drop of their essence, the i.'ast· 
structure of recollection" 

-Marcel Prollst 

"np-<Jf-the-nose" state (lawleSS and Engen 19/7) It the 
experimenter presents the correct odor name to a subject 
in that state, the subject will recognize it rrnmediately 
and be puzzled about why,pe could not retne\'e It m the 
flIst place. The reason IS that the odor-name assooation 
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 obJe~ts "'!uch 
might produce it. The other set probed for mtormatlOn 
about the odor name: whether the subject could gJ\ e a 
name with a sinuJar meaning, sound, or number at 
syllables and letters. These quesbons were surular ! 

those used in a study of the tip-<Jf-the-tongue stak 
(Brown and Mc'\leill 1966). The np-<Jf-the-nose results 
were unusually clear-cut: the subjects' answers to the 
second, set of 'quesnons mdicated that they could not 
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Hunk of a surular word related to the target They could, 
however, answer the fll'st set.of questions, showing that 
they knew somethmg m general about the odor category 
or an object assoaated With It 

The tip-of-the-nose state differs in important ways 
from the tip-of-the-tongue state, in which.a person can 
tell you somethmg about the correct name, such as the 
irutial letter, the number of svllables, or the general 
configuration of the word, In the tip-of-the-nose state, 
the person appears to have no such lexical information 
about odor names, it sltuahon which undoubtedlv influ-
ences the results m tests of odor perception. -

Our recent experunents, to be descnbed here, exam­
med thIs problem dosely_ They induded a task in \ehich 
there were no prescribed names (an open-ended situa­
tion leaving It up to the subjeds to recall a name ior each 
odor) and a multtple-choice task m which altemath'e 

'Memory call restore to life e'"uerything 
except smells, although nothing revives 
the past so completely as a smell that 
was once associated with it" 

-Vladimir Nabokov 

names were pro\lded and which demanded simple 
recognihon and no produchon of names at all. 

The first task" as simply to name odors sponlane­
ously; It was left up to the subject to produce a name for 
each odor. The subject was presented common odors, 
one at a time. and asked to descnbe each with one \\lord, 
If pOSSIble. It was emphaSIZed that the odors would not 
be harmful or unpleasant There was ample time be­
tween tnals to pre"ent fatigue or adaptation 

T\',o sets of odorants \\ 02re used \\"lth two different 
groups The fust set, presented to -l8 subjects. 25 women 
and 23 men, induded stimuli used bv Cain and Krause 
(1979) called "brand names," which are considered 
relan"ely easy to Identify. Bazooka bubble gum, Crayola 
crayons, Ivory bar soap, johnson's baby powder, and 
\"ick's Vaporub FI\"e other odorants used ""'"ere amyl 
aceta Ie (banana oll), do\ e oil, otral (lemon), phenylelhd 
alcohoi (rose), and meth\'1 sallC\'late (mint or \\lnter­
green) Each of the odorants \\'as presented m cotton 
mSlde a \\lderr.ou:hed bottle 50 mm hIgh and 25 mm In 

dIameter. sha\-""'1gs \';ere used for the solid substances 
(gum, crayon, and soap) There were no \1sual cues 
a\ aliable to the subject. 

The second set of odorants included some of the 
same odors (banana, lemon, and rose); the\' were micro­
encapsulated stimuli produced by 3~L which are now 
",del\' used duucall\' (Dot\· et al. 198-1), and which are 
used on the scratch-ilnd-sruff card that accompanies Ihls 
article The 13 odors used, In addition to the three 
c -:ioned, were grape, smoke, romt, gasoline, ~conce, 
r. _,k, pme, aruon, soap, and diesel. Each was presented 
on a stnp of paper attached to a 100 x 150 mm card. The 
subject was asked to scratch the paper strips with a 
Imgemali or a piece of sandpaper. thiS released the 
odorous molecules for the sublect to sruff and name as 

succinctly as possible. Thirty new sublects. 17 me,p and 
13 women, were tested in this lask. ' __ 

For the ill'st set of 10 odorants induding Ihe brand 
names, the number of correct responses ranged from 1 
to 9, With a mean of 4.4, or 4l'1c, and a slandard 
de\1ation of 1.9. The mean number of correct.responses 
for the 5 brand names was 2.4, With a standard de\iahon 
of 1 3. The mean for the 5 other odorants was 2. L With a 
standard deViation of 1.2. The difference between the 
two kmds of odorants is not sigmflCant, although it IS In 

the expected dJIechon. The difference beh"een men and 
women is stahstically slgniflCant. \\lth means and stan­
dard de\1allons of·U and 1.6 and'-~ 9 and 2.1 for men 
and women respectively_ Regardmg dilierences among 
the odors, the percentage of correct Idenc.ftcanon ranged 
from 27'10 for rose to 75S', for Bazooka bubble gum. 

For the scratch-and-smff experiment \\ ith 13 odor­
ants, the mean number of correct responsE's \\'as -t2. or 
32'1c, ranging from 1 to 8. (The difference between the 
two sets in average percentages at correct identlflCa­
hon-44% and 32'1c-is sigruflcant at the 1<;( le\'el) 
Women agam did Significantly better than men, \\ ith a 
mean Score of 4.9 compared to the men's 3 S. Regarding 
dilierences among odors, the results ranged from musk, 
which was never correcth' Idenniled, to ~conce, WhlCh 
was Identtfied correctly 'by 83'1c of the subjects. To 
sununanze, although there are mdl\ldual dUierences. 
people are not good at naming e\'en \'ery fanubar odors 
The main point IS that, on the a,erage, fewer than half of 
the odors were correctl\' named, e\'en \\"1th a lIberal 
sconng system, accepruig, fG~ example, "gum" as a 
correct answer »ithout eithe: Jbble" or "Bazooka" 

A number of factors affeCt this performance. FITS!. 
some stimuli are better than others. The scratch-and-sruft 
odorants were weaker and apparently less saturated 
than those m the other set, WhlCh represenled "the real 
thmg" in the case of brand names. Second, In each set. 
as we have seen, some odors are more otten correctlv 
dentifled than others Part o~ the ditierence 1!1\t1h e5 th£> 
scoring of the responses For example. 1,.\ hat is a correct 
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Figure 2. Despite the differences between visual and odor memo!} 
demonstrated In Figure 1, attempts to classify odors b~ .malogy .' 
.... ,th classifications of .. ;sual stimuli ha\-e dominated reseuch in 
olfaction. The smell prism shown here. de"'eloped b) the German 
psychologist Hans Henning more than iO rears ago, ca.n still be 
found in textbooks, eHn though its dimensions defined by the 
classificahons flowery (bluInlg), putnd CfauIrgl. frut~ CfTUclrtig), 
SpiCY (wur=:g), tany Ibrm:hcld, ilnd resinous (I'IIr=:g) do not pro\-Ide 
a .. alid model for olfactory sltrnuii. 



Table 1 Examples of odor descnptlons 

Jonnson's baby powder (48 responses) 

rose cor:ecl response (21) 
no response (6) 
powder (3) 

Band·Ald 
bubble gum 
dentist's office 
flower 

S.Jrlan lotlan 

soao (3) 
air freshener 
ba:>yoll 
ta::y wipes 

hand 101l0n 
man 5 perfume 

3M lemon Mrcrofragrance (30 responses) 

tssue 

::)":ect respor:se (12) 
.':'; i know (3) 

cleaner. Le;-;c--:·"es" ?iecge 
hard caney 

'=' ':eshener 
:E.:!;.:oom fresherer 
':.e';y. as In mao;sc marker 
ca~lay 

C,:rcn Citrus 
C::-.J$ !rw! 
C::-:':5 not a lelT'on or lime 

know. but car: I -:ca,1 
like pine 
magic marKers s:e:.af 
nothing 
orange 
some Kina cf ;:...: : 

Ta!:lle 2 Types of descnpllOns of odors (e,,) 

Correct Re'/ared ASsocrBled Ret;w:: No 
response odor object sersa;lor. res:;)Qnse 

Na:u~al 44 3 47 5 
ooors 

Micro- 33 5 45 7 10 
fraf'ances 

Table 3 Semantic levels of reference to odors 

Level Example of ver.;al :esponse 

:a'~et 

S} 'lonym or near synonym 
st.:';)erordlnale 
fe~efal noun or word 

:'f';er Halliday and Hasan 1976 

lemon. 
CJt·~~ 

lrUlt 
sr.'e:1 

ans\,er for musk? But bevond that, the dlt:ee!lCe must 
i11\ 0" e expenence and ps~ choph\ slCal attnbu,es. 

Explaining the dlllenng le\'els of periom1ance of 
men and "omen IS not easy. The present data support 
those reported b\' Cam (1980, 1982) and b\· Dot\' and Ius 
colleagues (I9S5j. The reason tor this reliabie linding is 
not clear, but h,·o h\'potheses stand out. One IS that It 
reflects hormonal differences, which could attect the 
sensory receptors and other levels of the perceptual 
S\ stem and make \Vomen more sensih\ e to odors than 
men are. There IS good eVIdence tor such a hormonal 
mechamsm, \\ ith greater sensItivity dunng on.ilation 
than during menstruation (Malf et a!. 1978) Ho\\ e\·er, It 
seems unhkelv that the meehamsm could ha\'e had an 
etteet on the average results in the present tasks. The 
other hypotheSIS is that the difference reflects a greater 
\·erbal ability in women, which is well known from the 
~terature on gender differences. An anah'sis of the effect 
of such differences by Hyde (1981) suggests that, al­
though the difference in abilities is reliable and replica­
ble, It may nonetheless be too small to influence per-
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fonnance in the present tasks. 5ltll, the control o(words 
over perception is \'ery sIgmficant, as we \\.·til s'2e. and 
the absence of !;l\"On words must be considered the 
malar tactor In explainmg the poor performance In th" 
task by both men and women. 

How odors are named 
In addition to sconng the responses tor accuracy of 
idenllflcalton, \\ e analvzed the kmds of words or de­
scriptions used bv subjects misldenltfying odors. \\"hen 
a sublect faus to descnbe the odor at lemon as lemon. 
what is the nature of the \'erbal response? It \,as 
expected that such an analysIs \\ auld pro\ Ide mforma­
hon about odor asslX"iahons and thus the natt.:re of odor 
memory. Table 1 presents representah\ e datJ for h,'O or 
the odors, Johnson's baby pO\"der from 0nt::' set and 
lemon from the other. Both are dose to the J\'erage in 
terms of aC(Ur.K\· 

Table 2 summanzes the data obtamea from all ,he 
subJects In bOth groups. Their respol1;es tall into fi\ e 
broad categories. the correct response (e.g, lemon), a 
related odor \\ord (trully), an object assocIated with the 
odor (pledge), a related sensation (bItter), and no re­
sponse or "I don't know." The le'-lcal nilture ot these 
responses \Va!) anal!zed u~lI1g the :::: :::t~m dl?s...::IibeJ. b: 
Hallidav and Hasan (1976) and Illustrated m Table 3 With 
responses to the odor of lemon. It IS a hIerarchICal 
taxonomy 111 "'hlCh each level includes the mearung ot 
the level above 

Applying this system to the present data shows th, 
the target or the correct name is \·irtually the ani,· 
obtamed response hke the categones shown in Table 3-
that IS, responses to odor are eIther the target or an 
obJect associated With the odor, or they are wrong. Thev 
do not coniorm to :-'jj]jer's (1969) h\·pothesls, based on 
other data, that such le:Jcal responses Jre generall:' more 
likely to be superordinates than subor~i111ates of the 
name Superordinate responses, whKh are descnbed as 
"related odors" In Table 2, \\ ere obtamed on"· about 3 to 
57< at the time in the present study. They mclude 
idenltfying lemon as "atrus fruit" or smoke as "some­
thing burnt." Examples at the other semanbc lewis 
shown in Table 3 can aJso be found, but the\' too are 
uncommon. Ho\\ever, there are other responses \"ruch 
may be categonzed semanltcally in terms ot collocanon, 
a dtJierent lexical system described bv Hallidav and 
Hasan. An example \,·ould be responduig to the odor at 
onion as gar~c, pIZZa, or spicy Such h·plcal responses 
suggest how odors are organized m memory. !\1oreo\ er. 
collocanon explams the kmd of odor episodes described 
at the begmrung of thiS article. 

The results summarized in Table 2 mdicate that 
people do categonze odors, but not WIth semanbcally 
coheSIve general nouns. Rather, they do It in terms of 
the sirnilantv at odors and the suruIaritv of the context or 
kind of object in which odors may be ·percel\'ed. Verbal 
responses to odors tend to be personal. refemng to 
objects with which a person has had experience. Son 
objects are more highly specific (Wngley's Jwcy F",. 
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 descriptIOns we obtamed are not the kind one 
is led to expect by traditional odor classification 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 
is similar to the naming of so-called acadental colors, or 
colors of familiar objects (lvliller and Johnson-Laird 1976), 
showmg the effect. of enVIronmental expenence and 
learnmg. Odors may also be like the colors at the 
extremes of the visual spectrum, whIch are not as readily 
named as landmark colors (Chafe 1970). 

On the stunulus side, there is no known physical or 
cherrucal correlate of odor sunilar to the well-€stablished 
psychophysical correlates of the visual spectrum, and no 
O\~dence has been tound vet to confmn the eXiStence of 
olfactory receptor neurons analogous to the relatively 
specifiC cones (Gesteland 1986). Rather, odors may be 
coded mdi\ldually accordmg to patterns of activity in 
olfactory and other receptors. The olfactory system con­
tams a nch supply of receptors capable of responding to 
hIghly clIverse signals. whIch may function in assemblies 
together \ ... ith dIfferent receptor neurons. 

Percepbons of odors and colors operate according to 
dmerent pnnClples. To begrn With, colors invoh'e a 
le\lcal system whIch is orgaruzed In memory In a 
relahvely abstract and rigIdly controlled way By con­
trast, odor percephon is charactenzed by flexibility and 
adaptabilih', and a relatIVeh concrete but open·ended 
nonverbal coding system. This malliler of organizatton 
m turn affects odor memOrY. What Is·stored about odors 
IS not hkely to IDvoh e semantic categones which Can be 
used to rerneve odors. Rather, odor memOrY involves 
perceptually urutar\' episodes-one IS remmded agam of 
those portrayed by Marcel Proust-descnbed U1 an 
Idlosvncratic lexicon (Engen 1982). Because the odor IS 
an integral part at the eplsode, what IS stored In memory 
b not lnteri~t~d With or e\~n iorguHcn through fIequent 
expenence "Ith sirrular names or closely related sensory 
Ullormahon, such as seeing pehtes madelemes In the 
baker's \\'Uldow e\'er\' da\'. ThIS 15 also the reason that It 
is difficult to use oth'er people's descnphons m 'narrung 
odors (Engen and Ross 1973). to remember such words 
\, .. ·hen the\' are the correct answers on a test ot odor 
Dt:'rcePtio~ (Sumner 19(2). or to learn ne\ ... · names for 
~'dor;' IDa\'is 1977, Cam 1980) 

fmal" , there is a dIfterence between odor and color 
m the dIreChon ot aSSlXtatlon ben\ e~n a name and a 
stmlUlus Once one has presented a color chip and had a 
sub,e..:t name It. the sublect can conlure up a mental 
tmage ot the color or the chip when the name IS 
subsequent"· presented (Dorcus 1932) But in odor per­
cepoon there is no such reciproCity: while perception at 
an odor rnav elIcit an associated name, such a name 
cannot be used later to bnng back the original odor 
percephon. Odor memory IS largely limited to rewgni­
oon, as when a stunulus, a peote madeleme soaked 10 

tea, produces the odor and the past episode In which it 
was fIr~t expenenced. One does not retrieve an udor 
episode with" ords. but With odor The strength of the 
associatlOn is \ .... eak tram odor to name and nearlv zero 
trom name to odor CaUl (1980) pomts out that manufac-

turers of synthetic flavors benefit from tius, becau~ one 
is likely to-perceive the odor of a product as matcrurig its 
label, for example, strawberry, even though It IS in fact a 
poor approXlffiation of the real thmg. Bemg provided 
With the name also resolves any hp-ot-the-nose state. 
Having names available before an odor IS smelled 
changes the perceptual problem and the nammg proc­
ess. 

The effect of names 
To elundate further the effect ot names, we deSigned a 
mulhple-chOlce test using the same 13 scratch-and-sruff 
odorants gwen abo\'e. Four altemath e names were 
pro\ided for each odor !hat would be read before the 
subject scratched and sniffed One .... ;as the correct name, 
and the other three were foils. It was the nat'JCe of these 
mcorrect altemahve responses that "as the tocus ot Our 
expenment. There were two different sets. each used for 
a dIfterent group of subjects. One set, selected from a 
standard odor test (Duty et al 19&1), represented quite 
clIfferent thIngs from the target odur, whue the other set 
referred to smular objects. For example, for the odor ot 
grape the set with the di\'erse chOices prOVided the 
incorrect alternative answers plZza. turFII:ntine, and 
dove, while the alternatives for tht> categonzed set ...... ere 
melon, plum, and strawberry. All the correct names and 
a1temahve responses are presented 10 Table.j [t is 
unportant to note that the odors represented bv the 
categonzed ;;et are hlghlv discnmmable and not at all 
hkely to be confused in direct compansons 

A pool of 67 subjects, dIfferent from those "'ho 
participated m the experiments a!read,' descnbed, "as 

Table 4 Allernatives In a multiple-choice test (corree! 
name in ItaliCS) 

DIverse alternatives 

a pizza b turpentine c. graoe c clove 
a liCOrice b clove c chi!! c ba'larE 
a roor beer b smoke. c banana c v.a!er--:elon 
a tomato b IIconce c Slrawoerry C men/rOI 
a gasoline b pizza c oeanut c hlac 
a ceaar b gasohne c lemon c: rOOI be~! 

a soao b llcoflce c black oe:J:le' c peanut 
a musk b garhc c turper:,ne c hlT'e 

• lime b rose c mini C bucb.a ;:.::-

a cola b cmnamon c pine c cocort..: 
a smoke b whlsl.;ey c plnea:::': c omor 
a soaD b frUit punch c me:'ltro. c OUrT1~'" r :.,:;0 
a pumokln pie b diesel crose c lemor. 

C;:,co:;:mzed a/cernatlVes 

a melon b plLlm c gra;;e C. sl:aw::er'y 
a pear b apple c pine.;::!:,; c :Janar.a 
a charcoal b smoke c gas c kerosene 
a peppermint b clove c pine a menrrol 

• gasoline b. motor 011 c turperirre a palnl thinner 
a graoelrull b orange c. lemon clime 
a chocolate b IIcoflce c peooerr-;.nl c: caramel 
2. '7lusk b bath all chana lotIOn d lIosttCk 
a. lilac b. rose c. Illy d carnation 

a cedar b. ilJrnllUre pohsh c. pine a turpe(liine 

a garhc b green pepper cleek a omon 

a soap b deodorant chana lotion a [OOlnpaSle 

a motor ad b diesel c gas d kerosene 
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Figure 3. Because the association bchveen odors and names is 
inherently weak and pliable, recognition of odors can easJly be 
influenced when various verbal alternatives are presented to 
accompany the odors. This graph shows the mean percentages of 
rna groups of subjects making.errors in a multiple-<:hoice lest 
requiring them to select one of four names for each of 13 odors (see 
Table 4). The odorants were microencapsulated substances. The 
black biIIS show the percentages of subjects making an error when 
the chOICes represented diverse substances, for example, pizza, 
turpenbne. grape, and clove, when grape is the correct answer. The 
gray bus show comparable results when the choices represented a 
category of similar substances, for example melon, plum, grape, and 
stra .... berry ..... hen 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 mamged as a group to idenhfy Mthout error only liconce 
{with both dil'erse and categorized alternabvesl and diesel (~1th 
dIverse illematives). 

di\ided at random into tv.'o groups. One group of 34 
received an answer sheet with the correct names and the 
di\'erse set of altemanves, and another group of 33 
received an answer sheet that contained the correct 
names and the categorized altemanves. The order of 
presentatIon of the 13 odors and the letter of the correct 
answer were the same for'both groups. The group bemg 
tested \\,th the diverse alternatives obtained a mean 
score of 93.3% correct answers, or 12.2 of the 13 odors, 
\\,th a standard deViabon of 1.1. By contrast, the group 
with the categonzed alternatives scored only slightly 
over 50% correct with a mean of 6.6 for the 13 odors and 
a standard deViatIOn of 2.2. This is a highiy slgruficant 
dJiference. 

Oearly, the kIDd of names avauable 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 
fou Without actually perceiving the odor as garlic. Resa­
lubon of this complex problem requires more than 'the 
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present data, but one IS inclined to the hypoth~ls that 
the results reflect perceptual effects rather than response 
bias. . 

The performance varied for the different odOr<, a~ 
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 altemati\·es. 
Some choices for the categorized set altered the perform­
ance more than did others. For example, In the case of 
onion the fou "garlic" waS chosen by most of the 
subjects. Although familianty and other factors are In­

volved, the nature of the foils is the mam explananon of 
the difference in results between the two sets. Onion and 
garlic are easily discrinunated when compared Side by . 
side, but the problem here is that they also are slITular. 
For the other odors the errors are distnbuted mare 
evenlv across the alternatives. In the case of diesel odor, 
for example, the percentages of errors for the categor2ed 
alternatives 'Imotor oil," "gas," and "kerosene" are 
nearly equal. In general, the difference in the perform­
ance under the two conchtions shown bv the bars U1 

Figure 3 reflects how well the misnomers 'were selected 
in terms of collocation. The categonzed altemati\'es for 
panana, pine, and soap are not as adequate in this regard 
as those for diesel, gasoline, and onion. 

The function of smell 
The research results that I have sun'eved lead us to 
condude that the association between odors ana the·­
verbal descriptions is ger.erally weak. An average perse 
can identtfy only a sr:,all number of odors by "erbal 
label, about half a dozen common ones, which is a le,'el 
of ability far below that attained by the same person 
discnminating between odors presented side by side 

Psychophysical attnbutes of the stimuli and mdl\id­
ual dJiferences affect the results, but not substanbalh' 
However, one factor which stands out is the dominance 
of avauable names. Once a subject has an expectation of 
what the name of an odor might be, that name "ill 
largely control the sensation, which will be perceived as 
fltbng 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 unavailabilitv oi a 
verbal response often leaves one in the tip-of-the-nose 
state, unable to recall a name even though the odor IS 

familiar. That is, the associative strength of an odor­
name parr IS weak and a-=ymrnetric and is easuy lllt1U­

enced bv the verbal factor. 
AnOlysis of the kiflds of verbal responses obtained 

in free recall tests reveals that the responses are gillte 
different from those used in describing and classIfymg 
colors. In general, odor percepbon is not orgaruzed 
lexically by nouns but around the similanty of objects 
causing odors and especially the contexts m wluch odors 
usuallv 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 trachbonal 
classificabon systems. Such references are surular to t' 
words of a young child who might descnbe obJecb 
functionally-for example, an orange as "sometlung to 
eat" -when an adult would use a more abstract term 
such as "atrus fruit." 

I 
I 
I 
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The salient aspect of the sense of smell is the 
persistence of memories of episodes associated with 
odor. Such memories are retrieved with odor stimuli, as 
when one recogruzes a familiar odor, but not \\1th the 
odor name alone in the absence of stimulation. There is 
no pure recall of odor perceptions using a name as a 
paired assadate. The reason IS the Inherently weak 
assoaation between the odor and the name, which in 
turn renects the fact that the odor name is not an 
important part of the episode. The main function of the 
sense of smell, then, is not to recall odors for cOgnibve 
reasons but to respond to odors actually encountered. 
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LABORATORIO No.1 

PARTE B 

IDENTIFICACION DE SABORES BASICOS 

Objetivo: 

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

Procedimiento: 

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

Dulce - sucrasa 1.0% w/v 

Salado - cloruro de 
sadie 0.2% w/v 

Acido - acido citrico 0.04% w/v 

Amargo - cafeina 0.05% w/v 

"..-_._-.---. 

(2.5 g/250 ml) 

(0.5 g/250 mil 

(0.1 g/250 mil 

(0.125 g/250 mil 



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, acido, 
salado a amargo. Entre las soluciones can sabores basic os puede haber 
una 0 mas muestras que tienen solamente agua. Identifique el sabor de 
la solucion de cad a uno de los, vasos codificados. Enjuaguese la boca 
con agua antes de degustar y tambien entre una muestra y otra. Para 
aclarar la boca se proporcionan tambien galletas. 

C6digo Sabor 
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LABORATORIO 'I - PllfHE A 
TABULACION DE DATOS 

RECONOCIMIENTO DE SABORES BASICOS 

Panclista No 

1 
1 

2 
-, 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 I 
16 

17 

18 

19 

20 
~ 

% CORRECTO 

............. ~----.------------------- .. 
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Chapter 5 
CHEMICAL SENSATION: TASTE 

. Linda IvI. Bartoshuk 

TASTE ANATOMY 
Four kin,h of projections. or papill.,e. 

can he identified on the human tongue. 
The filiform papillae, which cont:un no 
t.l .... te buds. give the tongue it" roll~h. 
filelike appearance. Tlte fungiform p.tpil­
lae, shaped like button mushroom.;. ap­
pe,H primarily on the tip of tile tongue and 
,don'S the edges of the r. ant of the tongue. 
Tao;;te buds are buried in the surface epi­
thelllnn of these papillae. The foliate pa­
pillae consist of a set of.3 to 8 parallel folds 
on the rear eoge; oCtlte tongue, with ta-'te 
buds I"nied in t.he sides. of tlte folds. 
The circumvallate papillae. nine to ten ill 
IHllJlber, are shaped like flat mound.:; 5U1'­
lotlllded by n trench; they fOlln an in­
verted V on the rear of the tongue. Ta,te 
1"1(1, lie in the sides of the papdl,te and in 
the wall of t!te surrounding ttench. Hu­
mans bebveen 20 and 70 years of age have 
.• bout 250 taste buds in ea~.:h circul1lvnllnte 
p,tl'IIla .\Itd" total of about 1300 taste buds 
in the Coliate papillae.' A human fungi­
[VI III papill.l cnn cOlltain up to 8 ta'ite 
bud'i,2 

Tasle 1",,1, al e .dso f""ltd in the soCt pal­
ate (th" ,oli l''''t of the roof "f the mouth:). 
lhC:' ph.ll: 11\ (tIlloat), 1.11: !IX. e-.:ophagus, 
,lIld cpildoLtio.; (whkh dosc' off the larynx 
to PI ("VI'Il! tIl(' (·otram."(' of food ilnd flmds 
d II Ii IIg 'i\\"tllt>\, •. ·j tl}:!) I 

Tastc hud, aI(' .!.dolH1I.tI tiu:,tel:' or t'plls 
.u I <lllgt·(1 ,olilething like the :'eg;lllellts (If 
all OIal1~C. The (n,te hud IS \unolllllied by 
<;kin ce-II:-. th.lt appe,tt to he the .... 011l<:e ror 

IH;'\\, ta ... tt' cell .... \Vhell the llewl:- dividing 
epilitplia] ,·"lIs (If the lat l.,ste bill! were 
",din"dh·,.h I"hded, d.lllghter cell., were 
found tn 1111)\'(' into the t<\:-.t~ bud ,tt the rate 
of 1 every In hour!'. E.\.alllillathlll <It var­

iou:-. intelval ... of time ~ho\\.'ed that cells 
\\ itlllll till' (.t"'ll' hud h.ld .1 life ... pan of 
about 10 d.I~". I I)1II illg its lire cyde, a cell 
1110\ c ... fimll the edge to the center of the 
ta<;te blld. ~I1H.:e the nerve fihels do not 
Illl)\'e, tht· n't'eptOl cells ,\Ie IHe!-tlln,d)iy 
itlllL'I\o.ltcd hy difTereut nene flhels as 
they eh.llIJ,!t, IOti.1tioll. This pO~~'i a [,rob· 
lem for !oot.lhl~ (plality pelceptlOtl. 

i\f.lIlllll.tii,lII and rl!>h t.l'ote hud ... lequire 
lIlt.ltt IIIIH!lvatiOIl, for If the peripheral 
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tao;te nerve is cut or crushed. the ta:-.tt' 
buds will degenerate. As the nerve fihl'" 
regenelate, taste buds will reappear. 

The sheep has been used to study tbe 
early development of tbe t,,,te bud! III 
sheep, as in hum,lIIs, t,lSte buds develop 
in utero. The early taste bu(l< ill sbeep. 
called presumptive ta<te bud" have a 
nerve supply when they appe,lT at abont 
49 days, with one pleStll11ptIve t.l' .. tt: },lid 
per papilla. Later, a papilla ma)" cOlltaill 
two taste buds, alld by Imth (abollt 147 
days), 3 to 4 bud". Single fiher fE'_C::pOllSt'.'\ 

from the chortla tympani of fetl"es aged 
from 109 days to telm were !'>lIllil.lT to 
those ofl.lInb< .m,l·"lu!t sheep Th.lt i, .. l< 

early a~ .5 week" befOle llltth, tht" It'­

sponses appeared similar to those of tht: 
adult. 

The early development of taste hud, 
su}!ge ... ts that tilt.' fetll'i Ill,l}' tol ... te '>11 J,­
!'>t.Ulces III allllliotH': fluid. Thi ... b C,pt'­
claIiy impOl tant rCli the evah',ltlOll of the 
effects of eatly experience on t.l ... te plt'fl"­

ences. At birth, an organism ~dre.ldy m.IY 
have had .\ con ... iderable amollnt of t;r ... te 
experience.2 

T.\ste nerve fiberc; branch before fnrl1l~ 
ing synap:-es with receptor cell". Tht:' n'~ 
ceptor cells. IIInervated by.l sinKle fibcl. 
can even be in sepnrnte taste hudo;;. 

Taste inform,ltion is tran'\mitted vi.1 
three nerve>: the chortla tympani (part of 
the facila or VIIth clOnial nerve), the gl",­
sopharyngeal (IXth cranial nerve). and the 
vagus (Xth cramal nerve). The chord.l 
tymp<ltli nerve innervates the fllllgifOlll1 

papillae. and the glo«opharrngeal lIel vc 
Innervate::, the foliate and circ:ulllvall.tte 
papillae. The innervatIOn of the taste hnd, 
found on other oral structllles is not .1" 
well estabhshed. Taste buds on the soft 
palate are innervated primarily by the 
greater superfici,ll petro<.d nerve (which 
is a br,Ulch of the faciaillcr'vc). although 
the glossoph.lryngeal and vagu::, nerve" 
may allio play ,\ role:' Taste buds on the 
laryngeal SUI face of the epiglottiS .lre in­
nervated oy the superior laryngeal nerve 

(\\!II(.h 1\ a ))1<1 '1.:1 of till' V.Il.!II" nClve). 
'llu'''l' I{Tt.'pIOl'" it.t\·l' 11(."(.'11 tllJplkall'd ill 

til(' d}<11I1 01 l'Vl'nt-. 1l".HlillJ,! to \lldd!:,11 
l!lf.lIIt dl'.ltli \~ IldlOlIll' " 

The fillct! Ilerve .. IIH:dl.ltlng t.t"te PIO­
jed ip .... d.ltl'l.dl~ to the .. nlit.lI\' !ludell" of 
th!:' IIH.'dlllla. Athough the al~.t!'o to \vhich 
thl'~ pi OJel t OVCrI<IP to .. ome t''\tP!lt. the 
dwrd.ll\ 11l1).ll1i (<.I,l1d.1! m'I\"{' \'fO tet11lt-
11<11(· ... i llli~ "Il.d« · .. lllf III!" 1I·llJeIl .... tht' 

\".lI.!II" (clilni.llll1'l\l· X) III thl' L.lHd.l] ~IHI. 
.!lul the I..dtl' ..... oph.llylll!f;'.d (e1<\IIi.tI nt:'[\'f,! 

1;\) III .111 .1Ie:t 1'l.'t\\l·CIl t!t~ ... e t\\o.'· 

:\ ta .. tl' 1t.'1.1~ III thl' pontillt.' .tle<1 of the 
r.lt n.'Lci\"!:''' ip"i/.lteral (1lOlt"l·tlOn .... fiOllI 
"nih lO..,tl<l1 ,tlld l<lmbl IOl<ltion ... in the 
!-(lhl,(\~ IIl1dell' TIll'" ~nCl!l''''~' the intt'l­
(" ... tilll.! pC) ...... dllht~ th.lt II pilt tiud.1I pOlltine 

IIl'lIlOl1 111.1\ It-lei\(.' IIlpllb 110111 t\\ () dir· 
1t.'ll'lIt tOllgtlt' ,11l·a ... ; SOllie pOl1tllle nell-
1011" I)!oin t 10 thl' dlll ... d thal:lIlltl!-, htlt 
nllwl" ill owl! tIll ol[l.!h tlH' "II h ... t:lllti.l 111(1111' 

ill.lt,1 ltl thl' l·I.'IIII.11 III1l"il'U" (If tllt' anl\'l!' 

d.d:! .. UI .1It'.! Ih.11 1lI.1~ hl • illlPOIt.tIlt fell 

tltt' 1l'l..!ul.IIJ(11i 01 Il'edlll~ .\IId thil\l-.inl!·~ 

;\t·lIlOlI .. 01 ;\ thlld I.!I(lUP plOjed to both 
<lll'a,'1 In VCI\ little I'" kll()\\ II ahout the 
ptl ...... lhilit~ of .. imil,lr pOlltilll' ploJeltioil" 
ill Illhel ",H.'<.:le, 

T.l"tl' ,.., IUl<lled llt',lr lht" tOIl!.!UI' pOI IIOIl 

o[thl' SOlllt· .. thetil pro)l'diulI!- ill the th.d.t· 
11111". The Iwelr :-'lI1faL'e l!-o replesentt!d 
"olllatotopic.tily III the .. ome ... thetic ::.~ ... ~ 
t~:JII, \Vlth the tongue at the e'(tlclIle .';'::"­
tiOI end; til(' thal.t1l1ic. t.l ... te;11 t:a i" loc:lted 
ue.lI the tiP of the th.d.lI11ic tOllgue <Ire.\."' 
Till' thal.ulIk t.t .. te .lre.l le<.dve" 11Ilater.d 
plOlectlOll" fH1I1I the lJOtltlll(-, t<l ... te are.( III 
the I.lt 'I 

Two COl til ill i\l ("<t" I espoll .. he to elet !. I­

l'al .. tilllUl.ltlOl1 of tilt' dw!d.1 t~ I1IP:Jlli ,1:1': 
J.do' )Ph.ll~lI~Callle[\e!'> h.l\e been ide:!­
tifieu III the ~quiliel lllolll-.ey.1'i Oil€' of 

thc"e i" III the tongue POlt1011 or the ;;;:,j. 

1I1.ltntopk plo)ectioll 01 the' hod:- <::t1ILh.c 

ill "OITl,ttH': \ell"OI~ ;1It':I [ Sp.ltl." Joe.Jllz.l· 
tion 011 the tongue i ... IIl.tllltalllcd III lit: ... 

;ttl'.1 The "l'colld ,lie.l. IOI'.Itt:djust rost;-.d 
to the [1I .. t, h III the .1IltellOl open..:t1I..I· 
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trollS NaCI subtitute for people on low 
sodium diet .... 

If anions meet the stnletllral require­
ments for bitter or sweet (see helow), the II 
this taste i, added to the taste of the 
cations. For example. sodium b~llz(;att' is 
salty, sweet. and bitte'r hecause the so­
dium ion is salty and the benzoate ion b. 
s'.I,.'eet <'lnd hitter 

Salt Substitutes. Since the salty ta'te b 
produced by the positively charged catioll 
in a salt, we look for sub~titlltes amon,!.! the 
nonsodiuI1l cations th.lt.lre unlikely to he 
toxic and that are ~;jll1i1ar to o;;odiulll in size 
The lOllS most similar to sodium are lith­
iUlll ,til:! ~('\t'l..".;j1l1l1 Lithium l:hloride C.UI­
not ue used as ~\ S.l)t SUU'ititute hecau .... e It 
is toxic. Thic:; leavec; potassillm chlOlicIe. 
which is the majO! in~rediellt ill currently 
marketed salt ,uIHtltutes. The bitter t.lSte 
of KCI makes it unacceptahle to many. 
HoweveJ, the ,l1l10unt of hittenH~o;~ pt'\­
ceived V<lne:-. ,lJllong individllab (sel' tilt., 

discll~ ... ion, below, 011 PTe . .,ensitiyity). 

Sweet 

Sweetne'iS jo; ploduced by mo1ecult.· ... 
\'lith variou'\ Stl tlctm e'i, The rami! i,ll' COIll­
pounds include .Sllg.lIS, ~ugi.lI .d<.:01101 .... 
amino acid::. (0 [onno;; are usually sweet), 
and ao;;sOIted organic compounds, includ­
ing tho~e eithcl in l1~e 01 or inkl (· ... t 
a::. artificial sweeteneiS (e.g., s.Hxhal ill, 
cyclamate, lleOhe~pel idllle clihydlochnl­
conec:;, and aspat tame). In mldltlOn. ~al ts 
may taste sweet as we1l as salty. Lead alld 
beryllium salts ate dramatic ex,lI11ple ... ; 
many salts, lIlcllldillg N.lCl. are sweet at 
low concentrationo;;. 

Despite the apparent (hve"it), the, e i, 
;:\ c..hemic.t1 strllc.tllle comlllon to these 
compounds Shallenbelger and ACI ee'~ 
noted that sweet lllolecl1lc~ cont,tin wh,tt 
they called an AB, B sy,telll. t\ "nc! 13, 
separated by 3 A, .Ire pOItioll'" of the mole­
cule cap.\hle of ('orlning hydrogen bOlld:--, 
The A portlOll ~h:\le~ its hydIO!!t'1l atolll 
with the receptOl membrane, \vllile the 

IHl'lI1hralle share.;; a hydrov;en atom with 
n. :\ third portIOn, (y), added \'v Kier and 
Sh,d 1l'1I hl'1 ger, I.; make~ the sw'cet Ull it a 
triangle. FIgure 5-2 shows the sweet tri­
angll' ill 1J~s..dllcose. 

Tlll'le arc i"slIt'!j vet to he resolved. For 
f,'.\;unplc, Mll11e 1Il{;lecnlco; <.~ntain more 
than one potentl.!l "'lte for the triangle; 
tllt'rl'i'OIe, the actual SOlllce of ::.weetlle::.s 
b not dear. 

Bitter 

Lik" ..,weetllc ... s, bitterness io; produced 
hy ~()Il1t' inol'g,tIlic.lIld.I v,lricty of org.Huc 
COllIlWUlHi'i. Although there i ... no single 
tllt'mital :-.tlucture as~odated with bitter, 
:-'01 lit.' gellel.t1iz.lhOll:-' concernIng chemi­
cal 'Itt llcture and hittelne"'s do exist. The 
,ilkaloitis found natllr.illy in pI,lIlts (e g , 
caffdlle, llicotllle, solanine~ cocaine, and 
:-.hychlline) are gener.tlly bitter. The to;..­
IClty ol'thl'St' '1l1ho;t.lllce ... has been cited ,l'i 
a p{J~ .... ihle l'Jl\'ilolllllental pressure that 
111<1\' h.IVC plOllloled thc evolution of the 
an'n,joll to hittl'l1Il'~'" fm11ld il~ so 111.\11)' 
spt·l·il' .... 

(;1~'l'oo;ic1t·:-., c1t'dvf;'d from cert,tin sug­
.11 ..... tlt' also rouJld ill plant. .... 11 Some of the 
I.d:l'{)~idl·~ havt' been ... tudied ill detail to 
ddl'lIllillf.· the e!led .. of "'lIl)~titlltlOl1!> at 
\'atiolls ~ite~ 011 the molecules,lf; These 

~tmlil's .lIe vely impOlt<lIIt to the develop­
IIll·ttt 01 .1IIY l'olllprehcll ... i\,t' llH..>my orbit­
tt.'1IH..'~:-'. HO\\'t'\"el, they h.\ve ~d:-.o btU'! d 

J1\0Il' pr.lctic,ll lIUp.let. Celtalll substitu­
tUlll'" pi otlut.c COIllPOli ntl ... th.lt can produce 
!>tlOlI~ S\I,.'eet ta:-.te~ .It low COl1centration~, 
t.'g., neoilespcl itlme and naringin dlhy­
drochalcone, Tbt ... c cOll1pounds Illay be 
lI~dl.ll a.., nOllllutritIve .... weeteners 

Allother glOlip of org:mic compounds 
iiullld ill plant'l. diteq)ellc::', h.ls aho been 
anal: zed fOl ~tntctllre·hitternec;c:; reIn­
tiDn ... ." All AIl. 13 ~Y ... tenl ·'IIlIiI.ll' to th'lt of 
Shallt-nhclgcr \V,I'" ~u.l!ge ... tt'd .IS the C01ll-

111011 link. Howevcr, in this C,l'le the All 
.11le! B HI e sep.1I.1tcd hy 1.5 A. IIl~te.lcl of 
.3 A. whith PlOtilltl' .... \11 illtl.1I110lecul,Ir 
hydlO~ell hond betweell AH and B, 

I 
I 
I 
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,olved,For Taste Blindness to the Bith;rnes.~ of 
.tai~ I"(1ore " PTC. PTC (pheoyithiot"rlmlllidc or pht.n-
• tnangle; ylthiourea) and other compounds c,mtain-

sweetness . in.\! the II·N-C=S grouping are of special 
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interest hec:au'ie sensitivity to their bitter 
taste is genetically mediated hy a single 
mendeli,m dOlllin.mt gene. An individual 
with two recessive ~ene5 in his genotype 
has a high tolerance threshold (and low 
sensitivity) to PTC hitterness. leading to 
the classification 1l0lltaster or taste bliIJd, 
while an individual with one or bath 
dominant genes in his genotype has a low~ 
tolerance threshold (and high sensitivity) 
to PTC bittemess. leading to the classifi­
cation taster. Saliva is often related to 
PTC tasting hecause a very early study'" 
seemed to show that a taster had to have 
his s,diva present in order to taste PTC. 
This is not supported hy modern clata.2

1'1 

The exact requirements for the nwlecu­
lar grouping responsible for the ta,te of 
PTC have heen questioned,:!1.'l2 since 
molecules that do not contain exactly the 
H-N-C=S grouping, e.g .• aneth"ltrithillnc 
and caffeine, have he en found tu pwdm:e 
a bil11o<l,.1 threshold ,listribution that is 
c"cntially the PTC distribution" Of 
even more pmctici.tHnterest is the relation 
hetween PTC stattls and the b,ttellle« of 
saecktrin. Ta;ters ofPTC tend to percei, e 
(DOle bitterness in sacchaIin than nOI1-

tUl)ters do at concentrations of saccharin 
u,ed in low caiorie food; and beyelages " 
Similarly, tdsters of PTC tenJ to pelceive 
more bitterness ill potassiulTl chlOlicle and 
in sodium and potasl)iulll benzoate.:') 

Adaptation 

Self-Adaptation 

Adaptation lefers to the diminished 
sensitIvity that results fmm prolonged 

OH 

D-GLUCOSE 

Fh::. '5-2. D-Glul'(I\C illihe ·'chait'· conromHI­
finn. The All. D. y trinnglc that fomls the sweet 
unit in Sh:tllenherJ!el"·s theory i ... indic:lted. 

ta,tl' stil1l111ntiull. Atiapt:ttion to saliva 
provides a !':ond example of the complete­
ness of adaptatiol1 in taste. Saliva contains 
en(ln~h NaCI to taste salty, yet most indi­
vidual, clo not notice a chronic salty taste 
in their mouths. This is because we are 
adaptt'd te> the Nnel in $<tlivu. If saliva is 
1€11111\'pd with a thorough water rinse, the 
concentration of NaCl in saliva can be 
t.tstt'<1. 

T",t.· adaptation tenth to he complete 
(i.e., St'II<ii.ltioll disappears) to 1l1odentte in­
tf;'n<:;itil'~ of sour, swet't, and bitter sJimuli 
limIer tahomtor)" conditions that keep 
stilllulation truly constant. Under 110nnal 
e'afill,J..{ conditions, ad.lpt.ttion does not oc­
cur hl'c;.tl1'ie the concentrations of the taste 
stilllu1i kccp varyil1~ as food" and bever­
.Igl· ... art.' TI10ved in the llIouth and diluted 
with 'i.diva, 

Ad:lpt.ttiOIi to the NaCI in saliva has 
Jlnl)(lItallt dinica1 consequences. An in­
di\"ldu,d can only t,,,te N,tel when its 
CIIlltl'lItl:ltioll jo., higher tll.tTl the Na-+- con­
Ct'lIh.ltioll ill .:;aliva. Figure 5-3 sho\vs an 

e"unple of t]\I". The Jata were obtained 
with the method of magnitude estimation 
(db<..l1 ...... ed below) The "altiness of NaCI 
is 'ihoWIl ullder three adaptation condi­
tlDns: tongue I insecl with w,lter to remove 
saliv.t. tongue ad:;tpted to resting saliva, 
and tongue ada pted to the saliva produced 
h~· vigOlou" chewing, Che\ .... ing causes nn 
illtlt:.t~C in saliv:tl}' now r.lte. SlIlce the 
sodium content of s.tliv,! illCle.lses \vith 
flow late, chewing inCle.\SeS the salivary 
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~\\·l·t"t Sllhstalll"l.'S so lar tested tend to 
clOs'.adapt. hilt a Il1l1nher or substance!> 
.lrl' still 1IIltl':-.tl'd. Ct'rtnin hitter :.tinwli 

so 

o t II show no t:ro"ls-adaptatioll. hut others do 
cro,s-.l<Iapt. II ;\kBlllll( .. 'Y·S r('!'>uits· .. how lll1p1e"jve 

- • - • a~ll'l'lIIellt with the chellllstt\' of th!;;: t.lste 

~ l50r 
" ~ 

l 
.!; 

i! 
~ 

~ 
~ 

~ .. .11 
t 

Molor Concentrollon Noel 

Fig. 5-3. S.ltine" of NaGI (:=1 S.E.) when 
the tongue is rinsed with wilter {toJ' pand}, 
when the tongue is adapted to resting ')ulivtl 
(middle panel, salivary Na indicated hy lIrir.m·), 
and when the tongue is adnpted to stimul.lted 
saliva (boltom panel). (From Darto~huk. L.M.: 
The psychophysic~ oftnste. Am.). Clill. Nutr .• 
.31:1068, 1978.<;~ Dy pennissiol1 of Americ:l11 Su­
ciety for Clinic:l1 Nutrition, © Am. J. Clin. 
Nutr.) 

sodium coocent. ation. Note that the efled, 
of adaptation are greatest at concentr.ltiOll,) 
just above the adapting COIH.:entr.ltioll. 

Cross-Adaptation 

If adaptation to one sub,tance de­
creases sensitivity to another suhstance, 
we say that cross-adaptation has occurred. 

McBurney nnd his colle.lgues Z
I;-lli have 

studied clOss-adaptation within groups'of 
suhstances that share a taste quality. Their 
results produced retnarknbly simple gen­
eralizations based on perceived ta'\te 
quality. Salty substances cross-adapt. Slln­
ilariy, sour substance'\ cro!ls-aclapt. The 

• 

qH,dltil'~. That i. ... , the hl ... t~ that ero .. S-
ad.lpl an' h(,li,'v(,(I to h,IVt' the :-;<llll(' fl'· 

ll'i'wr II\l:'l·11 • .I ..... I11'\. A common chenllc,t\ 
chaladeristic has been proposed for 'ialti-
11(,:-:-' (Le., the ch.uge 011 the <"'1tlO11). and 
cro'\s-adaptatiot1 dnes occur. Simii<lr1y. 
!'>nl1r sl1h.'itaTl(,:e:- have h)droj.!cn ions in 

CO 111 1110 11 and crn!'>~-.t<lapt. For hittt'r 
'iuh:-.t.mceo;;. a Vat iety of chemical Ch.\f.\C­
h.'rislil"s h.lVe heen pf()p()~ed .. 1:1\.1 ern,"­
",Iaptatioll dearly fails for cert.lill bitters. 
For sweet suhstances. a l..'Oll11l1on chellti­
cd cilalHdell!<1tI<': ha" heen prop.l"ed. ,\!ld 
ems.,-adaptatlon occurs amoll~ many 
sw~~t substances, hut the possihility re­
Ill,lill' that sweet (like hitter) Illay plove to 
he heterogeneous. . 

CII)Ss-.1(iaptatioll doe~ nut genel .. tIly oc­
ellr al"rO~'i slIh .. ti111(:e .. of differellt t.l\te 
qll:.dttH:-~ . .!!1 Thb b additiollal ~ltPpOit for 
tht' idea that the ta .. te qualitie!\ .\le meciI­
.Ited hy diffelent receptor: lIlf"Ch<\Ilisms. 

The Taste of Water 

\Ve IlO\V kllow that a Inng-stnnding COIl­
trovel'!<I)' ovel the "intl ill!'ok" ta.">te of \ .... \ter 
h related to adaptation. \Vater was im­
{i.llly cOIl\ldelCd to he a t:'L .. t~le .... solvent. 
but hy the 19th, century se .... er.t! <luthrn 5 

had e:-"ple.,sed douht.. ahout the t.lstelec;c;­
Ile~!'< of distilled w.tter. Ohrw:ll1-:11 ,lilt! 
Henle 11 argued that distilled" .,ter IS n.\t 
rather than ta'\telcss. Sever.tl Investil.!.:· 
tOI., 1.!-14 1 epOi ted incllvic1u.\! suhject'\ \1, ilu 
found that distilled water t."ted Illtter. I:: 
IlJl.l, B I 0\' n 11 recorded evnlllations of th e 
t.tste of w.tter limll 100 sub]el'ts; he COli' 

c1uded that "The up,hot of all these ob· 
set .... ltiolls seems to be that \\ ate I IS lIot 

t,\\teless (Ill the hro.tc1ersense of the \"old:. 
that it t.\stec; more like Intter th.Ul ,lll>thlll':; 
else, and that its t.lste call Ut· neutr.d:zed 

, 
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by sa1t .... Furthermore, thele i" evidct1c~ 
that some of the weakest solutions of salt 
in water give ;.l suhstance which is il~ 
nearly t~steless a<; nny which can be pro­
duced" (pp. 253, 254)." Brown's COIll­

ments proved pruphetic. The anlOlInt of 
salt he recolllJ11entlcd adclilH{ to "reIlHn:c" 

the hitter taste of water hra(:kct~<.l t!H,' 

normal concentration of NaGI in o;alivil. 
the 'ioIlitinn to which nne l'i I1tlr:lI.dl: 
adapted. 

As it turns ont, the taste of \vater vade .... 
depending on what precedes it 011 the 
ton~lle_ Under 1101 mal circnl11'it.t1lce:., sa­
liva hathes the tongue. Fi~\tre 5-4 ,hll'" 
th~l.t adaptation to sali va makeo; water t.l .. tC 
hitter and ~ol1r. Tlwc:e restlltc; C.lII he dll­
plicated with pure t-.;aCI <15 the mlaptlllg 
solution instead of saliv;L:lh Thus the NaGl 
in scl.liva is viewed ~lS the prohahle source 
of the apparent "intrinsic·' taste of (li,-· 
tilled water. This phenomenon can he­
come particularly important in di.c;ense<> 
that alter salivary electrolytes. 

Figure 5-5 shows another water taste: 
the sweet ~,ste of water following ad"pta­
tion to various concentmtiOtls of the potao;­
sium salts of chlorogenic acid and cynarill, 
substances found in the glohe nrtic:hoke. 
The sweetne!as of sucro~e is shown Ott the 
same function for purposes of com paris 011. 
This effect is p"rticularly interesting he­
cause not nIl iIidivichwls are eqlmlly c;en­
sitive to it. 

In ,c:;ummary. all four ha.c;ic t:lste <}l1alitie<; 

can be produced with a water stimulus by 

'°f 
' BITTER 

-- I ..... ~ 
°HOH .01 .1 
AOAPT 
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,ubpll1lg to appropri.lte :'l1h .. tances. hut 
tht· IIW ... t COlllltlon water t.lste i'i sweet. I~ 

Mixtures 

\\~ht'n two Iight:-. or difTerellt colors are 
11Ii'l"tl. Illc Il':.t11tillg: color b {J1mlitatively 
dL\tilld Imlll tl1l' l'OIlI[loIH-'nb .1I1d fall.o; he­
h\lTlllh(-'1l1 olllhl'l"ollircil(:!t,. Fnrc-.:.llll­
:)1·, It'd iit!ht mhed with : L,Ii,l\" lig:1t 
ftl\c ... Illto nrallj.!e. 

\\'hl'1I !'>uh ... ti.lIlce\ with different tastes 
an' Illht.'t1, their t.\:.h.' qllahtte ... do not fuse 
h1lt I.llilt.'r call lIsually he recognized, The 
inh·ll ... itk· ... unlit' t'OInpOIll'llt ta..,tcs are of-
1('11 (Il'Cll·:I~t·d (Iui:\hlre :-.tlpprt',\sion) and 
ou .l ... i olla II) lIIay CVt'U i IIl'll',\'f' kllil.lIIcc· 

llH."llt or synergi..:m). These itlteractions 
pl.l: an il11pOltant role ill the l1!-oe or concli­
Illl'llt... or navoril1g' ing'lCdiL'llt ... in foods, 
F", ",alllple, the addition of "tit to food 
HIlt 0I11y adds a salty ta,,~-:,'IHlt also changes 
the pt'lceived intensities of other t,lstes in 
thp f""d. 

Tht,rc have heen many attelnpts to for­
UlUlate rig:ornus rule!! for IIlL\ture interac­
tion..,. hut none nfthese effotts have been 
cOlllp!t·tely :HI('ces .. rlli. Olle ren~on for this 
is th'lt 111b:ture interactioll.1i Illight oeem 
hoth ill tilt' sti11lulu'i it\clf (a\ ehelllical 
intt'radiol1s a!llOllj.{ cmnpollenh) and nt 
dint'lellt It-vels of tlle nervous 
:-;:Y'it{'lll.! '-.\lot.:l" 

Clillil:t!ly. 1Ili:...ture illtel.ldiolls are illl­
POlt,lIlt 1'01 p.ltiellts ,..,ho ha'..'e tlifferential 
taste qll,llity losses, The tastes that are no 

..... BITTER 

' .... j 
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Molar Concenrrollon HoCI 

Fig. 5-4. T~st~ .. of N'le) al1d w;1ter when the t<1I1gue j'\ .td;tptcd to W:lter (left panel) and when 
the tongue is ad:tpted to saliva (right lumcl). 
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Fig. 5-5. A comparison of the sweetnc.~s of sucrose \\-"itl1 the !iiw~chlt·!>~ of ":Iler following 
adaptation to the potassium saIl .. of cynarin and c..hlolol!L'uic .ldd (comtituentc; of !!Iohe nrti­
choke), The X on the sucrose function mark .. the swt:etllc ..... of 2 tea!'opoom: IIf SlIcroc;e in 6 
ounces of Wilter (0.161\1). (From Bartoshuk, L.~l.. Lee. C.I1 .. and SC:lrpelliuo, It: Sweet t:1 ... te of 
water induced b} artichoke (CYllara fcnlYIIlIIT). Scicllce.ii8.!J88, 1972,"" C(IPYli~ht 1972 h} the 
AAAS.) 

Ion~er perceived may filiI to affect the re~ 
maining tastes in the 1101 mal manner. In 
this way a loss that is actually very specific 
to one quality can change the intensitIes 
of other qualities. 

CLINICAL EVALUATION OF TASTE 

Thresholds 

Most clinical studies of taste fundion 
h,lVe been clone with tillesholclllleasure­
ments. In its simplest form, the threshold 
for a substance is that concentration that 
can be t.,,,tecl 50% of the time; unfortu­
nately. (he ~lctual procedures are anythillg 
but simple to early out correctly. In ,1(1-
clition to these problems, tilleshold mea,­
U1ements have .m even more seriOUS 
denciency: they do not nlwtl)'s llle.lO wh.\t 
they $eem to meal1. 

Figure 5-6 shows cl.tta collected ill OUT 

l.lbOlatory on how the pelceived intensity 

of NaCI grow<; with COIH:(.'l1tratic)JJ The 
till ee !(J:lphs rell,·ct tli rc~ d ilTel ell t c'pcJi­
l1lt'ut<;. TIl{' IUIH:tiol1' ill the tipper It.'ftsec· 
fion <;llOW that ,mlilllll lauryl !'Itllf.\tc. the 
detergellt COlllIllOld~' w .. ed ill toothpaste. 
reduct's th(~ !<.:dtille!<.~ or N.ICI by i:\ (" '1-

stant pel t:etlt~l.!!e <lCI o!-oc; all concentrations. 
The fnnctions in the lower left ;cction 
.show th.lt adapt.ltioll to the sodIUm III sa­
IiV.l hel!> only tdOCill e!fect 011 the saltiness 
of NaG!. The tongue becomes les!<. o;enc;i· 
tive to the .tdaptlllg c;ol1centr.ltion, and 
Iligher lIJI1l't'utratiou ... "ho\\' a dimi n ishi ng 
effect. TIH' function ... III the lower right 
!-.t'<:tiOll ... IHlW that I.uli.ltion ther.tpy (radi· 
atiun applied to the he.ld .lIld neck legioJl) 
leduced 't'n<;ith I~y to N.lel in .tll unusual 
W.l\'. Thl<.· ... llOJd lelll.tined 1l01l11,tI. bllt 
h,~her ltll1l'l'ntratilln ... (those actually en~ 
t:lllllltt.~IL·d III thl! 1~.tI work!) were less 
:-..dh· tlt.11l 11111 ilia!. 

T'he'l' till tOe gli1ph ... i IIU$tl.l!t: the folly of 
attl'lIlptlllg to t'\twpol.lte to reid t:'xperi~ 

~ ~ 
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Fig. 5-6. The before and after comparisons ()r the- t.lo;le nfNnCl were all 1ll.lde within individ· 
u:11s.A~ Saltiness of NOlet before and rlfter admini<;tratinn nr the deter~ent, sodium laury\ sulf:l.te 
{data from DeSimone, J.A., Heck, G.L., <Iud B.ITtt)<;huk. L.M.: Sl1If,H:C ;u:tive taste modifiers; A 
compado;on of the physical and psychophyo;icnI propertico; of gY1ltllemic acid ::md .. odiulO Inury} 
sulfate. Chern. Sense;. 5:3171 1980U). n, Saltines'i of L':tCI hefoTe and after n<inpt:ltion to salh:1. 
C, Saltiness of NaCl before and after T<idintiol1 ther.lp~ (ti.ltn are avernv;e'i of first t,\ 0 ilncl last 
two sessions, from Dartoshuk, L.M.: The p:;~ choph~ o;:ic .. of t:\'ite. Am. J. CHn. Nutr., Jl: 1068, 
1978.\l! By permioision of American Sodety for Clinic;!! ~ulrilion. '0 Am. J. Clin. Nutr.). 

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

Threshold measures can be of great 
\oalue, but they are of mo!\t use in labora­
tory investigations of taste. Clinical as­
sessments whose aim is to e"pl,,-ull 
anomalous taste expenences need pro~e­
dures that produce a scale or pe1celved 
intensity . 

Suprathreshold Scales 

Psychoph)sical functions, or plots or 
perceived intenSity \oE:'ISUC; concentration. 
can he obtoined by seve tal methocis. For 
example. a 9-pr: nt cutegory scale is com­
monly used in ioncl <;tudies Subjects rate 
intenc;;ity by asc;iJ!lling nUlllhel~ flom thi ... 
st.lle, e.g, 1 is weakec:;t and 9 is StlOl1t:est. 
Category scale'i ha\-e one seriuus limit;\-

tion the numbers have only ordll1al plOp­
ertie". That is, an 8 on such n se,\le cannot 
be a'l;!->l1Ined to represent an mte-nsity that 
i$ llece!'osarily hvi<::e as strong as a 4. Eight 
IS simply more intense than 4. 

RatIO methods avoid tIns difficulty. In 
one of the moc:;t-popular of these metbods, 
magnitude estimatioll, suhJects me asked 
tu ,\$<;ij!1l nl.unbers tlltlt are proportional to 
peH:clvcd intenSity. ThtlSlr a cert,\in c:on­
<:enl) .ltiOll or ~lICl n~e \.\"ere c'lllecl 4, then 
:inotht'l C()I1(:cntl.ltH)n t.t<;hllg twice .1S 
S\\ eet would he called S J() 

T" .. tt' fUHctions generated \'\"ith th!s 
.method tend to he puwer functions. of tile 
form. I!J == cb fl , where i/J = pelcel\ocd 
intens;<y, cb = CO~lCel1t1.1tlOn. <lnd J3 \. .. tries, 
dependlllg '1n the :-.timulu'i ,lnd the way in 
\\ hic:h it i'i t,l''lecl. If we take the logarlthm 
"f l",tl. <l(le" we h,\\ e log </< = fl log" 
Thi" 1II(?'.lllS t!l;\t if we plot to"]: ch on the 
x ;\-.,;1'" alld log If, on the y axi~, the fUllctlOn 
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will be a straight line of slope fJ. (See 
Figure 5-6 for examples of such plots.) 
The slope of these functions provides 11 

'very simple index of how perceived inten­
sity grows with concentration. 

Psychophr.iii("";.ll functions provide more 
information than thresholds, hut there are 
important limitations to what cun be in­
fel rt:'d fnll!l til':! fIlW ... tItHl·~. The rate .. t)'" 

growth of the functions (i.e., the expo­
nents) can be compared ncross individ­
uals. Absolute iotensities cannot be 
compared. 

Information genemted by thresholds 
and psychophysical functions does not al­
Iowa direct co:npa:tsnn of perceived ill­
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 response to the need for a method 
that can provide infonnation about differ­
ences in absolute sensation magnitude 
across individuals. Stevens and nlarks II 
have developed a new metluxl-nmglli­
tude matching. In shO! t, the me thud re­
quires the suhject to judge the sensation 
magnitudes of stimuli from 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 
t.tste, allows us tu expw!-o ..... t~!-otc intcll!-oity 
rel.ttive to another modality. For example, 
suppose individual A judges a particular 
sound to be twice a'i intense as a particular 
NaGI solution, while individual B judges 
the I'wo t" !·e .~qual. Their experiences of 
intensity cannot be identical for hoth 
stimuli, Ifhoth perceive the sound to have 
the same intensity, then B perceives the 
NaGI to he twice as strong as A does. 
Altematively, if both perceive the taste to 
be the same, then A pelccives the sound 
to be twice as strong as B does. Although 

/,ve l":111110t knnw fur Slire \Yhlc1~!a::s\ver':'i~' \, 
c()rrcct~ we l'all make nne an!'lwer mo~~ 'i 

mid murl- fl'asonahle h}' extending: our 
testing tn ,,,ldition,,1 lUodalities. 

TASTE ALTERATIONS IN DISEASE 

T.ISlt· disurdc..·rs an' or ll1tt'n·st f"r sev­
("ml f(·asnn .... Thev disturh I1H1.I1Y indivicl-
11.:1 .... 1.1.; ('a'! it.-.;d (0 a lo:-.s ;)1' IPllra::..' 

hCl:ausl' uflhc loss "fan itnport~lIlt source 
of pleasnn-. Gh,inges in food and fluid 
intake tm"'t"d hy taste changes might he 
expected to have serious Ilutritional con~ 
sequel1Cc..·s. Taste lIlily also h.lve diagno ... ~ 
tic Va)ul' or may at least provide some 
dUf:~ loom (·ruin.!! the nature of some 1111-
d~rlrin)! dis(.'nse. 
'The task prohlems that have been 

<It;scrihcd call he divided roughly into 
reports of sensory gain. sensory loss, dis­
torted t.l!'Itt-s, amI the presence of unpleas­
ant ta!-otes. ThE:.· discussion above on 
normal t,lslc function. provide'i some 
J,!lIiddillCS ("ol1l'l'rnin),! the int<.'lpl't't.\tion 
of th(',sL' 1'IOhk'ms. 

Sensory Gain 

A fl'\\" ... tlltii<.'s adually SlI,c:gt'!ot ill­
("rea"'l'd (;I!-otC !-oclIsilivit}' as a IC';lIlt of 
diseuse. I Iowever, the validity of such 01>­
scrvatiolls has heen ql1e!-otIoned. 

Chil,!."n with cy,tic r,hrosis have been 
JepOited to .... huw unusual ta ... te ... ellsltlvlty 
to NaCI:~.! However, other investigators 
have hCl'lI unahle to replicate these 
n.'sulb..I'-I; 

Addboll·... dbe.lsl' (.t{lr<.'nai insuffi­
dency) h.l ... heen reported to produl'e un­
lIsually Inw taste tlllesholds. If

;,41 Taste 
!-oellsith'ity in illdividll.t1~ \vith Aclchson's 
dlH'ase has not, to the best of my knowl­
edge. heen re-examined since these early 
rcsults.llowever, the vali,lity of the result 
1m" heel! (,.'hallen~ed on logic.ll glol.mds :l6 

for the following le.lsnns, Henkin and co· 
workers I. have l'oJ11l11ented: •. At the 
detectioll threshold, all of the test sub­
stal1l't'~ ti1'ott,d bitlel to the patients with 
adrellal ill'l,fficiellcy" (p. 732). Water 

I 
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(and dilute slliutiolls) taste bitter if the 
ton!(ue is adapted to N"CI (5ee the sectioll 
"bove 011 the tlstc of water). Addi,on's 
di:;;ease raises tile concentration of sodium 
in saliva . .u and the te~tin~ method em~ 
ployed in the early stud), did not incl"de 
rinses hetween stimuli. This slI,.Q .. n!sts the 
po"ibility th'lt the patients with Ad­
dison's di'ease, adapted to their almonnal 
saliva. were al,le to ciiscrilll!llate !\)w con· 
centratiol1s of NaCI from water becau:oe 
they ta.,ted the water as tJlllIsllaIIy bitter. 

Salivary slKliulll is al~() elevated in cys· 
tic fibrosis. The low NaCI thre.,holds re­
ported in that di:;;em.e 1% may aJ..;o have 
at'tnally het'n wat,'r hl,te threshnlds. 

The "ppetite 10" "ften resultin!,: fmm 
cancer hns heen linked to Ol g'ain in tiL'Ite 

sensitivity. DeWys and Walters" re­
ported thnt some cancer p.ltiel1t~ llave till· 
usually high recognition thresholds for 
the hitter ta.~te of urea. They suggested 
that increased bitter thresholds might 
produce an aversion to meat beco.mse meat 
contains smull U.1ll01.lI1tS of hitter sub­
stances. However, DeWys and Walters 
apparently rnade a statistiml error.'" They 
rt"pnrted that 8 uut of 50 o.mcer paticllt:i 
and lout of 23 controls had recognitioll 
thresholds i>elow 0.09 l'.lurea. These dabl 
yield a chi square value of 1.05 and not 
10 .. 5 as stated in their article. The value 
10.5 would have heen statistically signifi­
cant, but L05 is not. 

III "iumn1,uy, there are no generally ac~ 
cepted cases in which tm;te function is 
adllally enhanced u5,the resultof.diseuse. 

Sensory loss 

SensorY loss is dearlv real, can have 4\ 

variety of causes, and ~an t..'lke a vnriety 
of forms. 

Several diseases have been suggested 
as caUses for ta..te losses. For example. 
although the report of increased sensitiv­
ity to llrea in c;.tncer patient..; W<l5 110t valid. 
reportt; of decre;tsed sensitivity may he 
valid. Difficulties raised hy the study of 
cancer pntients illustmte ill1otherproblem 

'that n.'sults from i1ttell1pts to link taste 
In"sl'!-I tu disca ... ~. The therapies mther 
than tlw di!"t.':1M· lWf sc mar ht, rcspousi­
hie fi,r the .scmmry loss. 

R:lCliiJ,lil1l1 of the head and neck for can .. 
n'rtH Clvid<"";111 ('Xillll II It·, Tilstl' function is 
I t'thl( .. '(·d or eVt'U alwl hdlCd fi,llowi 11g,r..Idi .. 

alion to (.'c:rtaill areas. For many sHhjects 
then' is :It !c',l"t partial rel'O\'erx:,However. 
the <.:Ollr=-(' 1)1 tiMt rt!(..o\'eIY is uI!usual. Fig­
ure' .5-7 and 5-8 show threshold and 
licalillg: (lata ohtained from ~1 woman UIl­
d"r).(Oing radiatioll therapy. Note that her 

.. IXJO 

! ! ! I I,.~,....J 

o 20 "0 60 60 IIXl 17.3 U7 

DAYS 

Fig. 5-1. Hccognitioll thresholds (up-down, 
furced choice) obt:linecl fronl a 52-yenr-old 
wtJrn:m tlndcrgoiru~ rndi:llion therapy for can­
cer uf the neck. The blnf~k liut on the nb.'i"cissa 
shnw~ the time during which the pnticnt was 
recchin~ r:ldiutinn thcr:apy. (From n:lrtoo;huk, 
1..1\ I.: The I)o;ychnl,h~ "ico; of la .. lc. A 111. J. CHIl .. , ... 
Nulr .. :JI: JOfiS. 19i8.~" IlYPcrllli!.,o;ion nf Amcri· 
C:1I1 Society fur Clinic:ll Nutdliuli. © Am. J. 
CHIl. Nutr.) 
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Fig. 5-8. P5ychophyo;ic;l1 fUlIcticHlS for the P:llicllt "iw!<r.e thrl',hulth .lr!! <;1111\\ n in Fig. 5-i. 
The arrorcs indicate the time at which the thrl'~hnltl, relurneel tn IIC1nn,11. The ti, tied pointe; 
jndie'lte an atypical quality report (e.g .• "hiller" fill 'oucfI)'ie). (From Bartu .. huk, L.;\(.: The 
psychophysic.; (If t,l'ilc. Am. J. Clill. Nutr .. :lI: lU(j~. j!)7S~" fly pcrmi .. '\inn uf :\Uleric~\n Suciety 
for Clinical Nut..-iliulI, © Am. J. Cliu. Nulr.) 

thresholds had retumed to 1I0rlllai aft", 
approximately 2 months, but bel' supr.l­
threshold scales had IIOt. They remained 
flattened ;\11(1 altho1.1p;h this woman cOI1I<1 

taste, she lived in " pastel taste WOrlll. 
Mossman and Henkin" also ob.,erved this 
pattern of loss. 

Radiation efTects were lIsed eariier(,ee 
Fig. 5-6) to illustrate how.perceived in­
tensities could be reduced even though 
thresholds were nonnal. The fact that 
thresholds are not infallihle predictors of 
real world taste experiences limits the 
utility of studies of the effects of di,e,,,e 
on taste because virtually all these studies 
used threshold measures, In addition, 
many of the older studies used threshold 
methodology that does not meet modern 
standards, 

One of the simplest causes of taste los< 
is the severing of a nerve. The chord.l t) 111-

pant taste nerve crosses the eardrum on its 
way from the tongue to the brain. During 
certain types of enr surge"v. the nerve may 

hl'l'llt. Th~ frllllt oflill' longtH .. ' Oil the s.ulle 
'iitle;1"; the -;lIr~el y hecome", inc.;ellsitive to 

ta'it('. Interestill!<!l~' enough. the p.ltient 
111.1)" hardl~- 1llltkl" :o.l1(.:h a io'iS even ifboth 
c:hOlda tYlilpani ltCI\'C' arc cut. Input frolll 
the other t.t!)te nelves, the glossopharyll­
~t'o11 and the vagus, stilllen"es the patient 
WIth consider,lhle ta ... te -function. 

Ih·lr" palsy e,m produce.· ot-ta'>te 105s he­
cause of clam.lg:e to the iilCi.tl nerve (the 
chmda tympani is n branch of the facial 
nerve). 

Zinc deficiency ha, heen reported to 
produce reductions in.ta~te function. But 
the status of zinc remains controversial. in 
part because a Single-blind ,tudy involv­
illg zinc adl1linb.tratioll produced ta:,te 
improvement \~hile a douhle-hlind study 
r:\i1~(1 to lto SO.52 H~nkin and his col. 
It·agues concluded. "The results in(lic~\te 
that tre,\tment of \Il1!'1elcded patients with 
taste and ~mell disorders with zinc sulfate 
or placebo is effectively eqllivalent." 
Howe\ er, as they also noted, there m~Y 

, 
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still he illllividunb in whom zinc defi­
ciency is related to taste loss. This are:! 
remains of great-interest to taste investi~a­
tors and deserves further study. 

Advancing age is often assumed to pro-­
du(.'e taste losses. H()wever~ this is ha.~ed 
em "series of threshold studi" •. 111 filet, the 
threshol,l elevation:.. arc relativel>" smnll 
and in an)" ca ... e should not he used to 
predict 1()sse~ ill perceived intensity nt 
higher concentrationo~o ~(ore recent ex­
periments suggest thut nuu)y healthy 
elderly people show no obvious ~d.<te 

losses.~l." hut there are definitely ta<te 
lo<ses in particularly elderly individuals. 
The essential question i:'i whether age per 
se produces loss or whether the elderly 
have had Il'lore time to encounter a disor­
tier leadin!! to taste 10s5. The answer re­
mains um.:~rtain. 

Smoking is often assumed to produce 
taste losseso However, threshold studies 
show e<sentially no t,lSte differences he­
fl)re and after smoking. Scitl ing studies ~Ire 
needed to resolve this problem. A til<te 
10"' like Ih,lt shown by the r,ldiation data 
in Figure 5-8 could exist and he unde­
tected by the threshold studie,. 

Distorted Tastes 

P.ltients sometime!-: report that certain 
foods have abnormal tasteso This may re­
fled a dlffelenti.d los!'- of olle or mOle 
qualities. For ex,Ullple, ketchup cou1d 
taste unuc;ually sour to an individual with 
a frclucecl ahllity to la!'-te sw~et, since it 
cOlIl:tim. I elatively huge UlIlolll1h {,[ ,ug,Uo 

th,lt normally suppre,. the sour taste or 
the ,Idds. 

Detergents can produce temporary 
taste distortions Sodium lam}! 'iulfate. a 
detergent commonly useJ in tuothpclste:-. 
. 1I1d ll1outil\'\.'a ... hes, can reduce the ahiHty 
to ta'te sweet and add ,I bitter taste to 
aCH.Is:'; ThlS plotluces the wel!-knowll 
"or<\Ilge juice effect": after hrushing the 
teeth, orange juice ta!-tes hitter;1<; '\vell <1:-0 

le:-s !>weet tban usual. 

Dysgeusia: The Presence of 
Unpleasant Tastes 

This symptom is pfnImhly the most dis­
tressil1~ to patients with taste symptoms, 
ali(I it i, also th .. Il'ast understood. AI­
thU;I,.!Il IIH'r(' 11;\'\·(· ht.'l'lI attl'mpts to relate 
d\'SJ.WIl~i.l (0 almol1l1alitit.'s Orrill' taste re­
l'~pl()r lIu·1I11mUl('. SU( . .'h symptoms could 
11:1' ,_ .• 111 l'lItireir diiTeTL':tt origino The~' 
111<1'y rdh.'ct tht!' ahl10nnal presence in the 
IIlcmth of T1lolecule:o; with noxious taste .... 
Tlll're arc several possihle sources. Ex· 
Ilielt,,1 air lila)" deposit molecules with 
11I1ple;,t",ullt tastes, Saliva eml cont.lin sub­
:-ot.mel'S with ullpleOl:OClnt tastes. In particu­
lar, snnw tnccii(:atiolls mOlY be ple:-.ent in 
... ali,,:,_ :\lIntJu-r potl'lItial sotll"C.'e of un­

ple,,,allt t",tC\ is cr~\'iclI"" Iluid, the fluid' 
ill the J,Wttl:-o Ilt'ar the tet'th.-"" Thb fluid 
IIm'o ht· l''\pres"ed into the mouth, espe­
ciaih-In- <·hewill)!. Th;, ,u!(!(e\t\ that dys­
geu;ia ,Onil!ht I)e tr.eateci hy improving oml 
h('alth. 

Olll' fllJ.d :-OOllrl'e of no:dmlS ta .. te:.. is sug­
~l'stf:>cI I ly re:-oeurch 011 the venou:-o t,\~te 

phenomenon Circulatio11 time ·was once 
e ..... llll.lt'·d hy injet'tillJ! ~ac..:t:hadll intI.lYe­
w)lIsh- It travdt.>d to tl1<.' mouth (till!' giv~ 
itU! it 111(,;\,,"Ol' of dll'ulatinll l'ITil'iency) 
a,~d Wil'" thc'n ta,teti. ElectlopilyslOlogic 
... ludic:. '1Il!J!e:-.t that the~.\~'l'haJiIl i ... tasted 
illlhe hloCHl amI dOL'S not l1.lve to reach the 
t.l,tl' nOl"l'ptO!"!" 011 tilt, (ongul' SUI face The 
!'o ... ,lhillty that disease state ... can intro­
dU(l' (.t,ll'ahle stlhstance.., into the blood 
or tlwt (:lillil'HI tH.'atlllCllt (eo,e: .• c:hemo­
t hl'I,IPY) IIligh l do "I) .. Iwule! he (;\'011 u:lted. 
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PRUEBA DE 
EVALUACION DE DUREZA 

A continuaci6n se Ie presentan 9 productos con diferente grado de dureza. EI #1 debe 
ser el mas sueve y el #9 el mas duro. 

Sabiendo que dureza es definida como la fuerza necesaria para comprimir un alimento 
entre las muelas 0 entre la lengua y el paladar, evalue cad a una de las muestras y 
comente si esta de acuerdo 0 no con la escala que se Ie di6. 

Ponga la muestra entre los dientes molares y evalue la fuerza necesaria para 
comprimirlo. 

Valor en 
Escala 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Producto Comentarios 

Queso Crema 

Clara de huevo 

Queso Americano 

Salchicha 

Aceituna 

Manias 

Zanahoria 

Almendras Peladas 

Confite/duro 



CLASSIFICATION OF T~XTURAL C¥~RACT~RISTICS· 

MECHANICAL 

Primary 

Hardness 
Cohesiveness 

Viscosity 
SprinErinesS' 

Adhesiveness 

CEO!-WT!HCAL 

Particle size and shape 
Particle shape and orientation 

OTHER 
Moisture content 
Fat content 

Secondav 

?racturability 
Chewineee 
Gumminess 

Oiliness 
Greasiness 

• 

Ref. Szczesni'!.k 1963. J. lood Sci. 28.385-369 .. 

1 
~ . 
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. Relations betwccn textural properties and popular nomenclature-

Primary pa=etcrs 

Hardness 
Cohesiveness 

ViscQsity 
Springiness 
Adhc:slveness 

G~omnrical cJtaracteristics 

Oass 

Particle size and shape 
Particle shape and orientation 

Other characuristia 

Moisture content 
Fat cor.tellt 

Brittleness 
Chcwiness 
Gumminess 

Oiliness 
Gceasmcss 

Popular terms 

Soft - Firm - Hard 
Crumbly -Crunchy - Briu!e 
Tcnder--:Chewy-Tough 
Shcrt-Mea.Jy-Pasty-Gummy 
Thin - ViscQus 
Plastic - Elastic 
Sticky~'racl::y-Gcoey 

Wmples 
• 

Griti)', Orainy. Coarse. elC. 
Fibrous. ~lular, Czystallinc, etc. 

Popular terms 

Dry - Moist .... Wet - Watery 
Oily 
Greasy 

I Ref. SZczesniak, 1963 J. Food Sci. £..§, 385-J89~_ 

I 
I 
I 
I 
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5. 

DEFINITIONS OF MECHANICAL TEXTURE TERMS 

HARDNESS 

COHESIVENESS 

VISCOSITY 

SPRI:-lGINESS 

ADHESIVENESS 

FRACTUR~BI1ITY 

CHE'IiINESS 

GUM:HNESS 

ORIGINAL 
("physical/sensory) 

fo~=e ~o attain a given 
deformation 

stren~th of internal 
bonds 

rate of flow per unit 
force 

rate at which a deformed 
material goes back to its 
undeformed position upon 
force removal 

MODIFIED SENSORY 

force to cO:!lpress between 
molar teeth. or between 
tongue and palate 

amount of deformation with 
molars before rupture 

force to draw liquid from 
spoon over tongue 

perceived degree and speed 
of return to original height 
after partial compression 
with molar teeth 

work to overcome attractive tongue force to remove 
forces between food and material adhering to mouth 
other surfaces 

force with which the 
material fractures 

energy to disinte~ate 
solid foo~ to a state 
ready for swallowing 

energy to disintegrate 
~emi-s6lid food to a 

horizontal force with which .. 
the food moves away from 
the point of compressive.; 
shattering forces . 

no. chews to masticate the 
food at 1 chew/sec 

denseness that persists 
through mastication 

state ready for swallowin~ 

Ref. Szczesniak. 1963 J. Food Sci. 28, 38 5-389. 

Civille an1 Liska, 1975 J. Texture Studies 6. 19-31. 
. '--
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EVALUACION DE ADHESIVIDAD 

A centinuaci6n se Ie presentan 5 productos con diferente grade de adhesividad. 

Lleve la muestra a la boca, presienela contra el paladar (con la lengua) y evalue la fuerza 
necesaria para remove ria del paladar. EI #1 en la escala es el menos adhesivo, y el # 
5 el mas adhesivo. 

Valor en Escala Producto Comentarios 

1 Manteca Vegetal 

2 Crema de Trigo 

3 Turr6n de Angeles 

4 Queso Crema 

5 Mantequilla de Man! 

*La distancia entre puntas de la·escala puede no ser indentica. 

I 
1 

i 
I
" l 

I· 
;.1 , 
, ~ 

Ii 
I 



Pf1U~3A DE UMBRALES DE PERCEPCION 

Nombre ________ i'!o. Panelisla ___ Fecl1a ___ _ 

Usted recibira una serie de concentraciones de muestras de un tipo de 
estfmulo (dU:C8, s3lado, acido 0 amargo). Las muestras estan arregladas 
en orden ascendente en concentracic5n. 

Primero, enjuague su boca con el agua control, para familiarizarse con los 
sabores. No trague las muestras. Empiece la evaluacic5n con la primera 
muestra a su iLljuienla y continue can la siguiente hacia la derecha, 
solamente pruebe cada muestra una vez. No pruebe las muestras 
anteriores nuevamente. 

Describa la sensacic5n percibida (dulce, salada, ~cida 0 amarga). Ademas 
evalue la intensidad de la sensaci~'n utilizando la siguiente escala: 

o = igual que el agua control 
? = diferente del agua pero no puedo describirlo 
1 - muy debil 
') - debil , 

3 = pronunciado (definitivo, .claro) 
4 - fuerte 
5 - muy fuerte 
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No. de muestra Sensa cion Intensidad 

I 
I 
I , 
I 
: 
, 



Describa la sensaci6n percibida {dulce, salada, acida 0 amarga}. Ademas 
evalue la intensidad de la sensaci6n utilizando la siguiente escala: 

a 
? 
1 
2 
3 
4 
5 

-

-
-
-
-
-
-

igual que el agua control 
diferente del agua pero no puedo describirlo 
muy debil, 
debil 
pronunciado {definitivo, claro} 
fuerte 
muy fuerte 

No. de muestra Sensacion Intensidad 

~ 
I 
I 
I 
I 
I 
I 
I 
i 
I , 

I 
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Describa la sensaci6n percibida (dulce, salada, acida 0 amarga). Ademas 
evalue la intensidad de la sensaci6n utilizando la siguiente escala: 

o = igual que el agua control 
? = diferente del agua pero no puedo describirlo 
1 - muy debil 
2 - d4bil 
3 - pronunciado (definitivo, claro) 
4 - fuerte 
5 - muy fuerte 

No. de muestra Sensaci6n Intensidad 

I 

' I 



Describa la sensaci6n percibida (dulce, salada, acida 0 amarga). Ademas 
evalue la intensidad de la sensaci6n utilizando la siguiente escala: 

o = igual que el agua control 
? = diferente del agua pero no puedo describirlo 
1 - muy debil 
2 = debil 
3 = pronunciado (definitivo, claro) 
4 = fuerte 
5 = muy fuerte 

No. de muestra Sensaci6n Intensidad 

:A-.,I, • • ,_ t .. , 'L-bl. -, ..• ~ " .L." I' I' 
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Describa la sensaci6n percibida (dulce, salada, acida 0 amarga). Ademas 
evalue la intensidad de la sensaci6n utilizando la siguiente escala: 

0 -
? -
1 -
2 -
3 -
4 -
5 -

igual que el agua control 
diferente del agua pero no puedo describirlo 
muy debil 
debil 
pronunciado (definitivo, claro) 
fuerte 
muy fuerte 

No. de muestra Sensaci6n Intensidad 

- -

, 
" 

" 

I 

I 
I 

i 

, 
i 
I 
I 



" TABULAelON DE RESULTADOS 

Resultados de Prueba de Umbrales de ______ _ 

PANELISTA Concentraci6n en g/100 ml. soluci6n 
No. 

'I 1 
I 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 . 
15 

16 

17 

..... ~.- . 
.. ---iIij""-.:.. ----·-:;;~;;"~~-ilii--.--:::C-=-1IIi:::--..-- _ ,- ---- ----------------



~------------------

18 

19 

20 

Comentarios: 

- liM - 4~' 

.--~--~----. 
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LABORATORIO No. 2 

PRUEBAS DE DIFERENCIA 

INTRODUCCION 

Las pruebas de diferencia se utilizan para evaluar si existe 0 no diferencia 
entre 2 0 mas productos, si esta puede ser detectada y si los evaluados son 
capc3ces de discriminar. 

Los metodos que se utilizan en esta practica son los mas utilizados en la 
industria de alimentos. . 

DEFINICIONES 

A. Duo-Trio: en la prueba de duo-trio se presentan tres muestras, dos de 
elias son identicas. Dos muestras se codifican con numeros aleatorios de 
3 digitos, una muestra se codifica como referencia. Una de las muestras 
codificadas es identica ala referencia. EI objeto de la prueba es indicar 
cuel es la muestra diferente de la referencia. Si las muestras son A y 8 
el siguiente orden de muestras es posible: 

R{A)AB 
R{A)BA 

R{B)AB 
R{B)BA 

B. Trianoulo: en la prusba de triangulo, tres muestras son presentadas, dos 
de elias son identicas. Las tres muestras estan codificadas con numeros 
aleatorios de 3 dfgitos. EI objeto es seleccionar la muestra que en el 
grupo de tres es diferente de las dos restantes. Si las muestras son A y 
B, las siguientes variaciones en ordenamiento son posibles: 

AAB 
ABA 
BAA 

BBA 
BAB 
ABB 

• 

C. Prueba de comparacion mUltiple: en las pruebas de comparacion multiple, 
una referencia 0 estandard identificada con "Rn

, es presentada a los 
penalistas con varias muestras codificadas. La tarea del panelista 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, ademas nos da 
informacion sobre la direccion y magnitud de la diferencia. 

, 
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PROCEDIMIENTO 

Los participantes seran divididos en 4 grupos de 5 personas cada uno. Cada 
uno de los 4grupos sera asignado a un area de la cocina y se Ie indicara que prepare 
las muestras y prepare la prueba (codificaci6n de vasos, boletas. servir muestras) 
utilizando uno de los 3 metodos anteriores. Cada grupo debera preparar muestras 
para todos los participantes (20). 

Area '1 - Duo-trio comparando, __________________ _ 

Area 2 - Prueba de triangulo comparando, _____________ _ 

Area 3 - Comparacion multiple comparando, ____________ _ 

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

Anoter los resultados en el pizarron y luego analizarlos usando: 

- Tablas provefdas en Roessler et al.. 1979. 

- Tablas provefdas por Watts et aI., 1992. 

- Amllisis de varianza. 

, 
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LABORATORIO No.2 

PRUESA DE DUO-TRIO 

Panelista #: _______ _ Fecha: ____ _ 

Ali me nto: __________________ _ 

Instrucciones: evalue las muestras de izquierda a derecha. La muestra de la izquierda 
es la referencia. Determine cual de las otras dos muestras (codificadas) es igual a la 
referencia e indiquelo marcando con una X. 

Set 1 C6digo __ _ C6digo __ _ .. 
Set 1 C6digo __ _ C6digo __ _ 

I Comentarios 

I 
I 
I 
I 
I 
I 

, 
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" 

, 
i ' 
I 



'a. 

LABORATORIO No.2 - PARTE B 
ANALISIS DE DATOS 

PRUEBA DE DUO-TRIO 

Panelista # Muestra seleccionada Muestra seleccionada 
set 1 set 2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 I 
1 1 

12 

13 

i 14 I 
I 15 I 
I 16 I 

17 

I 18 I 
19 

20 

TOTAL 

I PROBABILIDAD 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

~ 
I 
I 
I 
I 
I 
I 
I 
. 
~I 
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LABORATORIO No.2 

PRUEBA DE TRIANGULO 

Panelista # _____ _ Fecha ______ _ 

Tlpo de Alimento _____________ _ 

Instrucciones: A continuaci6n se presentan tres muestras da . Dos 
de estas muestras son iguales y una es diferente. Evalue las muestras en el orden que 
aparece en la boleta y ponga una marca (X) al lado del c6digo de la muestra que es 
dlferente. 

Set 1 C6digo La muestra diferente es 

I ~i_~====================~ 
I 
I 
I 
I 
I 
I 
I 

il 
I S8t 2 C6digo La muestra dif"rente es 

I 



LABORATORIO No.2 - PARTE C 
ANALISIS DE DATOS 

PRUEBA DE TRIANGULO 

Panelista # Muestra seleecionada - set 1 Muestra seleccionada - set 2 

Diferente Duplicada Diferente Duplicada 

1 I 
2 I 
3 

4 I 
5 

6 

7 I 
8 

9 I I 
10 I I 

I 11 

I 
-

I I I I 12 
I 
I 

I 13 I I I 
14 I 

I 15 I 
16 I I 

I 17 I I 
I 

18 I I 
19 I I 
20 I 

I TOTAL 

, PROBABILIDAD 

I 

I 

I 
I , 

I 

II 

II 

~ 
I 
'I 
i 

il 
I, 
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COMPARACION CONTRA REFERENCIA 

Producto ________ _ Panelista No. __________ _ 
Fecha ____ _ 

Instrucciones: 

A continuaci6n se Ie presentan 5 muestras de galletas (codificadas) y una 
muestra control (R). Pruebe la muestra "R", luego pruebe cada una de las 
muestras co difi cad as y evalue el grado de diferencia existente con respecto al 
control. Par favor tome en cuenta todos los atributos de la muestra (aroma, 
color, sab~r, textura, etc.). 

C6dlgo 

Escala de Grado de Di'erencia 

o = no hay diferencia 
1 = diferencia muy pequefia 
2 = diferencia pequefia 
3 = diferencia moderada 
4 = diferencia grande 
5 = diferencia extrema 

Grado de Diferencia 
contra Referencia 

, 



LABORATORIO No.2 - PARTE D 
ANALISIS DE DATOS 

PRUEBA DE COMPARACION MULTIPLE 

Panelista # TOTAL 

1 

2 I 
3 I 
4 

5 I 
6 

7 I 
8 

9 I 
10 I 
11 I 
12 I 

, 13 I I I 
14 I 
15 I 
16 I 

II 17 I 
18 I 
19 I 
20 I 

I TOTAL 

: PROBABILIDAD 

I 

I 
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I
Clftf, J'~l1rt 1lIC'lIllu:rs ,,-itt be illnuC'r:ccri 
If their dC'ti:-iul1s by their 1.1IIJ\\'h·t1r.C' 
tt thl! ~tilllulll<li vurinhte n.nd 11)" lhe 
if oflll:'llit l1l h i\ l'U thClII, rr~:\ni1("S3 0 ( 

I
~rlhcr it ('OUlf:lJicts pc-crl'plual eX .. 
Fence in 1I1c tcst situ.llion (Harrens ... 
ltrt:cr lnd Pil~ri:u, 1!l3G). Thcrc(ort', 
IutrucliClII~ :should be dl':U", eOI1CL".C, 

•
• d npl~:oprin[t: to the csp\·ril1\CIlt. 
t This briC'C summArY Q( fndors is 
ftidence tl,."I.l no One !.t:;tclllcnt or ree .. 

•

tr.CJld''I.!iOIl (,,'\11 col'er tl:c!=c :\1"".'\5. };x­
.';i:UCC u;t!t the ~rt('ilie product lUust 
pidc dt.t'isioI15 Oil lite: c,:):ltral ot :Jl.iilj 

E
TiAhl(S' Further illCorUl:ltion for 

I 
Ariry:n~ ~f:\lId~.i!cd conditior.s ('~n 

_ fot:nd i:l. l\ l:ulI1ber DC !QUTCC!, e: ~., 
'lbwsun Iud HUrl's (l9jl), Kr:..ae:r 
. od T"i~~ (1"62), .lId Mlh"r D. Lit-

I :0, IDe. (l~SS). 

:est Melho,s 
Tb.: IIlclhud~ ll.$tJ roC' C\';.It.i:.tin~ 

I
lycr di!f..:'n:l~cc, include:: lri:\.Qt:ic, 

:aired-cl>mp.lri!Oll, duo-tr.o, :llultij)lca 
CtJnpuit;on, !corir.g, un:'i:l~, ~i.:lgtc. 

slirn".lu!, d('!:cril?I:'·c.term, d:lut:o:'l, !~d 

!E0r,p:OfilC tesl~. Tbese nlctho~3 hne 
.. n fC\;c\'t"","d ~nd di:clI~td bj 130 ...... 5 

, . d H.n,on (19~9), Caul (1~j7), 
~'t:'iUQ and H~rri~ (19.31). Kr~mer 

...... d T"igg (1%l), Lod:b>re (1~31), 

.Yerp.1n (195S), Sch\~:\:tz lueI l:"'osler 
.;(l937), Terry tI c/. (Hi;~): ,rod oth,rs. 

I 
The objc:cti\".:s or the ui5'c:er.c:e test 

J!'ISt be <I"l'ly d,fi!led berore • tesL 
JDC~ Gall h stlcctcd. 'rhe i!ll"~ti~! .. 
tor m1:st cctcnnir.e: 1) whc!hcr iL is 

I
,ufficieat to cderll1iI:~ Go,,:ir if :l. CU'" 
.!~rencc C"tisls; iJ) ..;-hcth"T Ult direc­
bon. t.tE.nl, :md import.o.ace ot the 
diaertnce Uluil be known; or c) 

• 

"htthu A con\plete :llal~'sis And de .. 
',riplion o( the D,<or is ntodod. The 
d!ide.,cr and .!in."plicitj' o£ tce m~tb!Jd 
ani the 2pproIlria~eIIC:ss to the proh. 

I 10m .... 1.\.;0 be ,onslool'ed (Pon .. "" 
l~5S). . 
n, rIDdencj o( • lnelhod ,onsid,rs 

both the ,t.listie.l "p,els nnd the 

I ':Dount of ""ork rtquircd to "chieYe .. 
pTCU dc-tree. or discrirJin~ti.m. The: 
IIlttLod selc<:led ,hould ci\'e m':"'Ul.:n 
llI!onulion ";Ih tbe I .. <L til" ."d 

I ~~rt. .A CllCal1's tor dClernliJ1in~ cc· 
&eJ.tDeI-ot-uri:\hlcs procedure!, such 
as mu!ti()rc:,co~lIr=rison n,,:tbod, h~ 

I boeo 'orelop.u in te""s o( Ib, .ul.her 
~t taslin,s rc.."C(uircJ ror dL'mOD5Lr&tinr 
It&lislial Ji~niJir.:lnc:e &t I chosen prob­
ohilit, 1e,,·1 (WiI.y .1 .l~ U37). 

I \ OLlo<r !Act.", 10 bt considtred in­
oh,elo tLe sillll.lieity o( tho tesL (Byor 
&ad Abr;an,s, 1~j3), the ... ...t\te • .,. or 
1~.pa ... 1. the omounl o( leslin; 10 ~. 

l dou. .heth .. t .. tin~ is t ... COD­

.. ~ ar inlenniLlt'nt •• nd .. itethC1' 

. ~lcrials Arc consto.L « _ie4 .. ,. _, _.J. ... __ 

~o ~r Thue. S .. :-..:;::!: !'!!fl, 

rriallgk alllI dllo-trio 10/J Arc \I~I'(l 
.. 'I:('n two lr(,lItmC':1ts urc tn Ire C'r:dn. 
nt~.u or ~ he'n ir i~ ~d\':\lIt:l;l"'('lUS to 

rCrtr tnntinuon:-ly tl) :\ n:l\:r[,lIc,' $-nill. 
pIe used itS 0.11 ulIl.;110wn. 'flu: mulls 
o{ these {("'Sis iucii(":l.te l\'hetlu'r :I. rlir. 
rrn..11C'e e~ists hcL\l"\'C'1t two trc:Hn'cII1,\ 
with I1n indiC':!.tioli ('of the clirC'dit'll1 nnd 
c~ ... tent or LIm difcrC':lcC'!=, .:.lthonO'h tri .. 
l\r.;le "ltd dllo-tri~ mcttlnds h:l.'-c bC'Cn 
IllCloi!:cJ to oLl::.i~ :1 (llt:llily jUd~II\Cllt, 
HC"C':n.sc th" Clhjrdh-l'S Clf ~hc lc,:;t :,:c 
dun;:c:-d, if in~cl:sity ur Ji!l\:rc::c-c or :\ 
qUllity ju\l(:l11t::1t :5 iadudC'd, .'\ dilrer­
cnL ~:ctl:o:i :5!It')'.:!n 1M u"cd {Kral1l1~r 
t'l (11_, 1961; ~c:j'::!I1, 1!l5S). 

The rCiulls of t:ian;le ,\tld duo,t:-io 
method 111£l.Y b~ i!l!;',!clI-:~d by the 01 dt:r 
in ~'hich samples :.r~ sc;wd_ In ,un­
trio ttst.3, discr:::'l.~l:t::on is h"Ucr i( 
tIle slron:;er fl!.\"or or u:l\.~oJf,l nh\'~r 
is pr<'5entcd AS tr.e odd slmple (Br:ruh 
an;i Hutchisou, 195G; ){ilcl;ell, lD5ib}. 
Iu tda.llg1~ tcst'S, ddl."tting diii~rence'i 
ell1 b~ impro"ed by hnldi!lo the odd 
sample CO!lSt.3.Dt (pr.1JT~r."Qn d cl., 
1~~) .nd by k,ep:r.g """pies 1 .~d 3 
as duplle.l" (H.\::; .. , 1956). Poor! 
t::'.ob·!l'S biTe !lho';'i";l :1. hi:u tow~l'd se • 
1cttict: the m~dLl!c ~l~:!J1Je or the tri.::-:· 
gle lCH J.S 1he od-i S:\illp!C (ne.r~ It 01., 
IS;';; Ilorri<¢: ::J E:lder, 1~50). 

?wittd.colll;:nr:;on !ull ire used l~ 
e\":.!~tte tlrO UI::?!U :1t a. time. If 
more th&n t'lt'O t:ca.tmc:zts Are bd~; 
te~!Cti. c.3.ch lrc!.~::.:e:\L C;t:.l he cOUlp::.rcd 
,,-ith e'-cry other ia. the sCl'ic-s (l'cr:.r 
.1 cl., 1932). 

'When the p:mel menlher is req~ir(d 
to indicate only w!:l!thcr the s:\ruples hl 
~ r.~jr :ue the S.:1r.lC or di..'i!:rent, tbe 
ic'(onua.tion o~td,::led it Sinlill\r t.) tU:.t 
obta.iued in tri:lr.gle and duo·trio· tests_ 
ra most p:lirerJ.-comp:lri~n tests tbe 
diluensinn or t!-le fluor uiffel'cBce is 
""'rL.od Oil the b"is DC A sp<eifi.od 
critcrIon sucu J.S :.a,rhich GUlple is 
s"'et":ert" Thus. the,e"lrnt. or tbe dif. 
Cerene. is DO: determine.. P~ired­
Co!up~t'ison t~ts ot t!lis t~PI! c:J,n be 
ti t':i oaly u'hen the criterion C'sn be 
ce-lned hy the 1n"csti;:\tor lind under­
"ood by roe~ pond nlOmb.r. Paired 
te-:', arc sl1bject to hilS IS to position, 
teluper:'lh:re, &J1Q other (adors (G riel;.:. 
=11, l~:;S) •. 

Tr; .. "I" duo· trio, MJ pnired t .. to 
: '" .ppliod Cnr qUAlity ,0ntrDI ond (or 
I.reduct dneloplUtnt Inri in'pro\'tlUo"L 

. .-beu products AI"pro:1ci. ctHnpJde he-­
cuo;encity "'ithiu lors. Th~ met!Jods 
In: also us<d tn dct.nnir.. the .ce .... .,. 
and n:lilL!.ilil)' or ponet .. c,':'bcrs .• Ad. 
l'An:a:C"S ue th:&t smllt diICercll«S be-­
t"~n SlUllpi.es (:1n be determined, an4 
eli,«L corap4ri,\Ot\ ot the SAD'lplrs te-

1, •• " i "1 ~. 

T.CIo: .,¥IHl~~~? A l1U1III,cr nr e'JII1-
r,':I~If1~··h.l\·t'l.~I£f:~t-"):lf'C or lite' ~(':I' 
I'lln',l)" or the tn;I1I';?l". l':lircJ, QIlII 
uuu-Iriu !l""t ... 

The- pain:J (I.."':)l W;!S r"pl\rft-rl sUl'C:­
ril'1r til ld.Ul~:': k'St~ wllc.'u Ct,lilli!h.' nlhl 
d(,X~IO"-(' 1 C}"COLl,,, solntiClI\:\ \\'I'r(, (:\.::,Ic..l 
(n~t'r nlld ;\hr:\II1$:, ]!)j,3)_ ]J,;Wl'\'cr. 

H.u;;'-..nn :\IId Eldn' (l!l.:iO) conelmlcd 
thnt lhe tri:1lI;!c ll~l is St."I.:i:Hic-:'1lh' 
Iilure eff,cicnt 1I:,1'1 till: p:tin:tl elllllp .. rf. 
$-011_ DJ.\\'5'j1l n:.:i DOl'hlcl1tt:ln (l!)il) 
[ou'd 110 cliIT~I'cl1cC' in pu:c:i\iol\ hc­
lWC'Cn llie tri.'II;!e Il'st :l1u3 lh~ ~:\ItC'd­
comp:,ri.con tcst 0;1 dlocobtc f~J~r. :.5 
a u:1sis fOi !dcctin;- rciiJ.!;ic P:ll:c:I 
Il1c!nbcrs. It '\:\$ rdt thOlt Illorc COll:~­
dcnce wou!tl be pla..:ed in U:.:I1= li,,: t::­
.J.n:;~e h..est. hon'eYer, since ;cJ:;c" ',\ i,a 
coutt! ncl iclt' •• ::fy dupli:.~cc s'::H:1l1ts 

to:l1J be ~lil1\jl~:.:td. Pf:di::l::.:m ('t d. 
(1954.) f~'lmd lhlt, \o;r.c'\ tl·... !l:wo:­
dillle:lit.,u or '):-411;e d:ink "'_5 ~~cti .. 
l:cd. p:il'c:i :C3i.So Wt're bcltcr !l:.II.1l ~hc 
tri:II;!e 1<':5~, l!Lhol1~h r::.ircd tCS~:i 
were not ~up!r:or ,,'hcn I!:l yor di.l~ca­
f.ion WlS nol 5pt~i!:'ed_ 

P~irccl cOlUll:n:ioll test" &r.d t:-!:.II~!C 
,t('5~S were r~por:cd t? be C\111.diy ~CI\­
!ith-e: :md ~p?n·di'\hl:· SlIP'!1 ior to tluu.-.. 
trio tcs!::i, wi::, tq:JCOUS l=~h:iiv:ls. of 
pri1l1uy :'l:.\-tll-';, t"hl:l.to j'licl.', nod 
g:lJund 'L~,('C (ulid~cml\!l. 1:),5=)). The 
paire:l test "U u,;;U3.lly t!lore ce~­
Homic:::1 th:m the !:-i:\cgle A:Ill ene-trio 
tests on J.r. lliq-.:ot .. ior-aliC'i,u')L c:::,s:S; 
the duo· trio test \\-:1$ tile! lC':'''il cc,.mom; .. 
«I. 

TriaUli1c: Alifl pairc:ci l~ts 't\'cr~ co~­
puc:d iu our blJOt'1tory i:t c.!pc:rimellts 
\t'llb ~round rib p:o.ttics. j'hc 1I!C:lt It'z,.!> 

from (:lule l~'C:-.a.d ,todth ttrO Jcyd.i ot 
:111 insectici,l('_ Xdtb:r =:ct~od w::~ 

si:pcrior to t:: other iz: ten:;o; or p:\l:el . 
sCl1siti,-ity. Tl:" ?!\irCX: tcsts wcre supc· 
riot, ho't\.-cYer1 !rum the: st:I.1.(\ Pr)int vi 
pactl Lime ~t1d. !b.e anlOllul or InlJ,rl\.· 
tory prel':I~litJu required_ 

2.rul~iple·S:~,pl. Tests .• \. mullh!e­
tOIr:.parisoll tc~L eOl.!ld be se1.:~tcd \\:hen. 
a. numbcr ,or 11 ,atmeuts u: to b~ com­
p .. edto a re!e:'C1>co umplo. ;-(ul:ip\'­
ramp:risan !C:M.s ha\'e bc:C'a. dt.:.\'c1C'pcd 
for tile t:nh:lL!iotl of c:uucd fools 
p!.hoDe), .1 cl., 19:;7) .nd o( £",,6 
elpo~, to pC::5ticidl:l (',Uey d .::I" 
195;). The dir\!ction, cstcn!, aUld i~­
portan... o( t!le dilrerl:llee CAn 0.: 
ddcnAiDed. 

The Ad"·3nt."I.:cs or the multiple-com- '. 
p.risoa a'<lh~d o.er Ihe tri.n.l. BEST 

.ulclLo<l Arc: a) detects ,,"~lIe. >lill\\'(/AlLA6LE 
eoees bc-t .. ,ct'ft trt:l.ted And uclrcn.tc\fi 't • 

g,WIJI~i 11) ti\'~~ &~rJiLiou,,1 iurunn~· 
tiOG ahclut t1.e dircctiua IInti i1Ut'orUnec 
or tlte Jirrettnl.u; c) r""lllirC$ Jess Lime 
and £,. ... ·~t $.,\tuJ)lt'I; d) is nlC .. re: eOh:iC'nt 

, ... Iita Jt&"dI 1ll.YC ROt bef'11 ~l'cC'i,,\ly 
, 
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sd~dtd or It·.=.incd; Ilod c) is not in .. 
fluC'uecd !I\' f.11\:\U difIcll."nccs in ector 
and tCl.t;tl~ (Hog1.:c :'I1ul Hl'j~nt, lO.17j 
l{rJtlllCt' :tnd Dit!II~ll, 195Gj )h.boncy 
tl (Itt l!)jil. 

Seoriuc Uethod.~. ~\:mericl\! ~eor .. 
ing or !=.:llllplM is :q>p:h':dJlc wben the 
dimcusion or d ilTl·!'cUrl.-; C:1I1 be pre .. 
determincd Ilnd :2rt;\Il~Cd. on :~ nUnlen­
cdly ~1':\I.lUl(l·d sC':11e. The dc.":rC'e, 
direction, Itlld t'xtcuf of tli!!l:reonccs CDO 

be dct~rllliuC'd. A numhcr' or s.,'uuples 
un ~ tMh.-rl ~t one scs,\ionJ dCFC'udill: 
Ou the prod"e!. 

The sr:1lc III~\' ht: j~!t5flJJ!~ ill ~~ .. 
t.u.rc. or )It" pnshorrd on. spe:cinlcns or 
tile J\~tllrt {or rdcrrnce .lind direct 
~Ol.l.!E~iYlh \I'ill! IIle 1,,,~pC'riJII('nt:,d ).1111" 

J2k .... ..r.hc~!l1JII&"('r uC !::COlUOItiou:i 011 tlu: ,/."" .. ~ 
~.c:le 'rill' ,It'['lCwd on tilt. nUlUbC"t or 
.I,' ti ~'1'·-~Li ". ... ~ • to 0 0 • 

It t't.Y"~'''Jp.,nJty bt «=~n ,h.,un:ul"h. ~ 
t'Jtnc·LI.!!!:!!~ltt:c n·tJujr~ !rninin ... And 

tnu,.t .JI!!!!£!.!.tp)ul lht' (tih:non ill tlie 
IJUne W:\\·. 

-:~~r~l'!~!!.!~hlt:l~ ~uny he ItrcdrcJ 
~r_C?~..k.LoL.nr""'11l·llitlfl) rLlr C'\U1l!]"lIC"s 
~,t'}!.~J!!ld.~1K' j1 ft9n.stpndOlrtl or 

-,,- '.'-.:: .. -: -. 
.~ .. -:.:.: -

' .. -
• <. ~. :.~. .'.-

~..lt;lJ:dafd s:::'ljllr (C.Jrlin c( ol"l~~(). 
II:tri,;on .ou :::l,kr (1900) .::,tc tb.! 
the ~L::!1'-.,,:d :::U'i~ be l'fc-':ented t~·:tC-­
ouc:r :1$ nD "(\jH'n" d3.nd:ll"d :\11cl ~g:.i:l 

I.S & blind $;..~:t'l~o The hlind s'll1lplc­
",·iIl r('eei-re t score sli~htly di. ... rl!rt'~'t 
from th!'lt ot :!." ope!~ s!'lmr~lc. n~TTies 
(J956) found :h,t ;coros "'err "O'eeted 
by puysieOll PJC~C!ltxtiou OD Lhe t4}Jle 
'Il'l!cn s..,snples Are p:-escntt'd :n A 
stf.:1i;;ht liue.. 

Rtwkill9 La!)" he UCiiCc1 to ::ptci ry the: 
dilll("n~f(,ln oi till' di!!ercllcc .lS to the: 
intensity of ~ ch:1tOl.ctC!ri~tlc, :'\nd 'E\.hcn 
:lctn:ll "4Iucs c.rc not I1ce!licd or ire! 
diffiC"ult tu pn'H"icle. The p:mcU .. t Ult:~t 
be thotou;hly rnmi1i ... r with tIle F~r. 
tic:ul:zr dmr~ctcri!'lotic ulltlcr ~tutly. 

nall\.:in~ i. ... a j&l.;at methu4 ,:r illS. 
~rilllinutill: mu.ltipiu MlllrJ~ Fi;I\C:d. 
,"Ies (,Ah })I! IIC\.'11 ... ·jth .. eonh'ol or 
tl·it!'nont'e s:unplco 

Seutin: and t.:1tILil1: luetlIO~$ 'p. 
Jlt':1tt\J erlll.llJ~· C"Bicient in cl,trelitl: 
dir.~rcnC"t"!t in t; numher ei COOtl .. ; 1,0"". 
.·"tr, t"~ It-orin;:, lIIt'lhoti imJiI1a1rcJ. de.. 
&;rlC"S "c dirrC'rt"~e$ tI:Al "",·tr; Dot 

sJU}l\'n fir rnlll:illr. (n.:~~·::":l ;::111 Dud •• 
f(fln:lIl,l!l.31j l':trl .... , In.i~). J\r:'lll.~·r (I 
01. (]~(jl) could 1;"1 ;lIoli\'alc n. '!.·::lIitc 
r.d\·UUl;1i;C fa'\'oril'u till' tl. .. C "r t'itl:C'I' 

£<t1tillt: or t"Jllkiu;::, pn.\·I·dun· .... 
rh(' Jim'of'J"o(ilr ((.It. i .. t.llt: l"':-.t 

kllo,,·u iii.i·7IUi~1-t'Vr'olll:lilli:l.; l\ r,w~:il :. 
tin: /IS well ;'IS (tu:mlil.di\'c t1r~\ jill:;'}:1 

'or lIle iudh·jclJ.1I cI:M.lctcrist:Cs r.: 1I.t: 
·tQ(,,1 l1u\"or complt'.'\ or the il;"lIh:~!. 

Da<l"iptiw w'lI~~..!J.:,,-c.:t±...i:.;~.\;I!u.;i_ 
1:;\\")1" IH.[I: :\ll<l :m:1l1w.· ;\;"C 1",1,:,::.1·.1 
~1i:::'T';-~:;1~ -;;';~"~:"!'I- ;r 
co;!C'h llo[,C;·o~~;:e:.-.,t:;!·:;II:~(;::· \\"i: '7" 

. I1i'i5ii7("l~u-n~V;,~:!:I~: .~j ... ,.:C" : 
dt';rl,(,:\ of c:"'t·l"!·C':H'!:o; hl·t\\·t''' I t·.\-u 
s...'lIIjt!c:.:, the u(';:::n'c I,d 1,J.;:,~:: ;:. ce. 
,fCC'S or ~il1lil::-i::t".s. ;1':C !l.~ 0\ ~:";::l 
imprt':::osiol l of the IH"C,,-:.:ct. 

COJlsic!cl::.h!c ki.o\\!d~,: 0:: :;:,,:~,' :; 
fC't}uircd for i;:~c:p •• t;oi':ojr: o~ :',:',':'1. 

l1ro:i!~ l"c;'iu!t~ :Ii:.t C:l!:IIU~ b.: :!.:-.!\;CC 
"s{~thtir:tJiy bc~ CJ.n LJ: pi(l t:c/ 0:­
trt£lhcd, ;\ wdUcu rccnj d or ,J. ~ •• I" c: 
<.1:1 be obtail:rd ~nd U:it"U :.s :. :d~.­
(DC:C'. 

:rlu:. rb~'or'l;:ofi!~ 11It':hod ;.(~~.:;,~s 
t"'CUJc:l11JU 111 :1:·\·"1' aml 0..:0. ~ca·':':;';':':5f 
l::tTlI i!II("!,C$:.t, in!c1ligc!'u .• :wc ::OI:C·':,r 
(IiI th~ pArt of LII.: p~:~c.!is!. F:.1\·\.·:-. 
}l~!ilc l~chuit'p;~'!' :,urc bl."C'!l I'"', :,:'.:d 
ill debit ur s.ic.,:!·31:\~;:!. (J~.jn ~:,:! 
Cout (J~;i), --

-J}iliiTi.i:rtf!:S :n: ';:C'C :6 S\!:·:::·:r::.~ 
Ule il:"or of tlH~ p:cd::c::~ i:l :C:'.:l:): oC 

, t)(:rccmt diJulio:l or .!): a ratio :::I't !'c· 
ft('1.:u·ll1e :<.·tt1~1 l.nlon~t of /'Ie.;' C1." 
.a:n·~r c.!c[('ctl<d {!h::;o~ f: al., :~5':; 
Xnm1it~ AUC r",:,,,~('I:·,, 19~5)o :::J:!-,,:. 
tion iadcJ:cs uaye be(":: :~?)l ;c: :vr 
sct'cal Poli~h fooes ('Ii1.o::crf l~C~ .. j. 
For C:!l:A;r.plC', ~hc i'.:l.\·o; or ::I';i'~'t;·ry 

'yrltp ''''':1$ o! Sl~lJ(bd 'i1J~lity ~t ~ 
diitttiou of l:l.:jQ, 2:11 of ?I ~lliC S":.:.!~"r 
~t 1:200': 'fr.e inc1t~ jlc~m:ts t ... ~.:.i;E ... ~\· 
",tnt c.r alle~or ~~il1ts :C'I1' o::-;t: ipti:'~ 
tt:nns tl$c.d 111 !!I.:'w;;, Oli,," :1:';..! :,:"\'\1'­

of focc.:i .lud bcnr:l:es. D;lu~l':;;: !c!.:~ 

h~Te h~t"Il stuclicd nbo B Q. 11\C:~1~ :0;­

sdc:cLill,;' 4tHl lI~ajnlJillu;.~ !l. :'::\;"~II'I! 
st:Uld:u,) ro,",~c(,rill:; or C:i=:~:~·w~ tcs!' 
ill: IIltthods l'Iilf:lJcr. It.(;'2~)o 

The JUcUlod f.cqui:·L:s suit.:l.!lle r.t/.:iC­
Arcia fCJr e~nlp.:lri.:a1)11 r.1J(1 r,l: cih'::~C:l 
DC Lhe [, ..... ~ rll~tl!ri~l, :'InC. is 1illli.cu ~') 
foods tll:1t (ttll ~ lI1:lJc: l;cmc;cutQl,,;.~ 

wilh!Ji.lt n1l"'ccti:a:; fi,,\·or~ 
Dilution l\,':aU lH~'\'~ \.<:I:n e"h·'I,iC"d to 

pro\'idc a "Ol,·,)t' r.ro!ilco Thoc: p:1uci 
n\allht'~ re~ord lhe (1rulile {or !..:.!,U· 

pJw I.t dilutions })(-t\\"t'C:n the id~·u:ll:C~· 
ticn tllre!'loholri luul the n:,lur:.d \\uil:· 
t\lltd pmJ\lC::L. The rr)ul~ illuic;\!'! 
.. ;hal ho"'- hluch. und .tot. ~·h.:l lc'·ci 
f'lth' ~II.'-Or.y c:olllprmcnt txi'iU in lill~ 
pruduct. A ciiluti,," n:\\"or pTf):H~ (or 
all in'but ('orr~e )hu-.c:ti A! .. u.ll.:l lVIl 

lct'ri ol 0.05 lo O.lQ'io It. ~"'·tt\. :-,~JC 
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. (~ O.~t;'C'; l\:=Pt1P.l}j,_~~~~~. t.'?-s ~en~c-d r.t 
(hluliollS or-o.2 to ·l%'.'\~U norm.,t 
strellstil (l~:'), ol)ly the biller &ud 
burnt notes \\t're in evidence (Tit;ner) 
1962&). 

SI.\i,\i.1.1 Technique. 

SlntisliC',,1 tcc-hniqucs fer ditrcrcncc 
tl'Sliug 111\\'(' lIot bern cOHsidc-rrd here. 
Hefcnm('t's 11I0sL rrC'qucutly us.cd ia our 
(ood·qu.lit)· 1"l,orolol)' nrc: Bradle)', 
1953; Cochr.n :.nd Co~,19:;i; DUllc,", 
)955i l::tckid Iud }'os, 19.;9; Fe~\:rt:r. 
1055; Grid~ellll.D, 195ij Hopkins lnd 
Gridt;cnt:l;'l.J 19S5~ Kr:l.!ncr', 1~55J 1955J 
395;; RAtHdJl5J 19S5i :md 'rerry cI 01.1 

1952. 

Arthur 1.>. Littl~, rIle.. 1955. un1~~r nc· 
lezrc& :Jr.J Food. A.cceptance. II Rdc.· 
hold l'.bli,bi:>i Corp., =,,,, Yorl<. 

Bcr:, H. W .. t. Filipcllo, E. ITinrci.:tr, 
a.u-3 A. D. Webb. 1955. Er:lll::.tion 
or thrcsho~ds J.nd miuiclC::1 «!J~er· 
enct co:.ecnlr:llions fer r::icu, (~01' 
Itituents of ,\i:.cs. I. Y;'ztcr sotuHo:a 
ot pure Sub3ta.CCCl. Feod r,eh"el 5, 

'\ f3. . . 

I · } Botts. "t. )! .• n,d. n. L. 5:.~o=. 19.;9. 
-' AuI.1!!5 of !o~ds by 5!~SCI7 Gi!'er' 

tllece tcsb. .4GI:',c7lCtJ ill. FIJod le. 

I 
I 
I 
I 
I 
I 
I 

,eoreh-~. 219. 
Br::dlC)", R:'\. 1953. Sot:a: stalu.tic:.al 

. inelbcx!s ia tu~e tcsti~r I.na ';I;:litr 
cnh:.,atioo... JJiom,tr:c.: 9, 22. 

Br'='lldt~ D • .l.. .• ""nl E. P.lit!tehi!'!Ic.19SG. 
r.etcL,l:ol\ or h.ste lc::si~itit;r. Foed 
Tt':Ir.oZ. 10, 419. 

Bnr, A, J .• aud D • .J~bucu. 1~S3. A 
C"lllp..lrilou of the lti::l.tlji:\fler &td 

t,wo·s.Jr.\plc taite·test ll:e:hec!s. Food 
Tcduv,J, " ISS. 

C.ulin. A. l"'.~ O. Kctlljltbe::le. A:ld 1. 
GOJJou. 1955. Socle IS:h~ea a! 1:1.1' 

t:luic:al sc:eriur jtJ l:.:bJc~li-.e cnlua· 
tiOll or l"od,. Fe-od 1;cJ(orch 21, 2;3. 

Caul. 3. }~. l!lS1. The 'Profi.le l:lc:tll.,d of 
tluor :'1I:.1rsis.. .t1d"CA'CZ ia. J'ood 

.. ];uccTcll.', 1. 
C«lIru, \r. C., .:d G. )1. CoL 1951. 

HF..xpctill\CAtll Dnignl. 1r 2d CG. 
JObD WHc!' aud. So~s. ~c\t' York. 

Da. ... son. T- II .. .&nd E. F. Po:hlerml!l. 
1951. A eotnpuison. ('Ie seD)o:'1 
meth'odJ of Z1lI::lJUr ... "l.[ clilrul::\ccs in 
.fOOd c;,u:lltics. }',xul Tcc1lAol. 5, ;~. 

D:lt"'ln, };.. H .. .aDd n. L. E:urls. 1951. 
. Sel:l$ory mctho~s lor :nr~l\'ui.nr cit· 

fettncCl in tood c;.u:lill. U. S. D.:pt. 
. Atr. Ittor. Dull 3{' 

D;nCI.D, D. D. 19':;5. )iultiplc rUl:e tleu 
for COrtci::I.tc:d. a.nd hCltroJC~cialli~ 

) zn.t::I.U1. })iomtfric.s 13. lU. 

1_. E1,\icl. N., .n41\. A.. }'O%. 19J9." )lctb· 
. &ds "C C<.ncl:.a\iI)Q I\hd Recrcuioa 

.A...a:11ysis. If John. Wile] ud Socs. 
New Y.rk. 

I l"c4tru" W. T. 1955. u I:lperimuhl 
Delli, •• Tbt'Orl afld .AP5'hutioL" 

!. )J..calilb.~. Nc,,", "fori' .. 
~z. n .. c. I'rall •• ,,,1 X. Sd •• arh. 

l~~S. V~ti:\tien In n.,1'Of' jod;:mcnl' 
In I. trout' ulu~tion. Food Rrl(tud, 
:0, !:il!l. . 

COC'ltI, 1-'. n .. A. J. A~b~. ~nd. J. G . 
P,:t)ue. 1~.jO. Oec1InC'PC'e in r.Ort":,,.\ 
ilUlh'idu:I): ot djUllI~l .\i!.:'i:ltioll in 
Icuitr of the: st'n~e ot t~lle tor 
JItClO'C. J • .4p;tt l'''y:iol. 2. G19. 

Cti,lt:O:U'i:u1. :-\. T. ]!l5S. T:utc co:t[,,:lri. 
'-Oru: T'II'o s:\~l11Ic:, or three{ l-'''IJd 
Tech.l. 9. H'. 

CJhl!t'o'~n. N. T. lSl5S. ~,!,clto?IIYlio::=.l 
bias in t:'IS:e tc)tir.s: br pit cOlJlp:lri. 
JOli. \l.ith li"Ccl.I1 r..:!crc:-:.:~ lo ?o!i. 
tion ~lId tC':.npcr':'lure. FDod R:.l:tJ:-d, 
2.3, :17. 

H:c$On, H. L .• L. Kline. &11' 'H. Lh:e· 
~·C":\n:. J!J51. A uilulicQ t:ttthod lor 
the ~c:e:n:iTl:lion o! ld~tit'e f.:,\·or 
lubililY of ti:h loHus. Fond ac..:e;H· 
anee tes:ti1"; t:1t"\l10 dol\n::y. QI::r!cr· 
nl:lShr !'~oc :.nd C":1:;.iJ:cr Ir,5t., 
C!:ic;;s:o. iI. 2v. 

U:\Trj~s. J.)..:. 19SG. Pcsitio:;~l bias i:: 
loeOlsory ",SU:lS%llCt:ll. .F o>JfJ T ~c1.:\al. 

~ 10, aGo 
H1.uison. S .• ~nd L. '\". El'er. l!1S0. 

S..,a:e l}.l?Hcaljc,lu o! s!:ltb:ic:s !o bb· 
0::tol1 t::stc tt3tir.t. l-'c::c! Ttc.lllol. 
(, ~31. 

no~ .. , D. Y .• ,nt A.. ~. lki."l. 19~7. 
Udcr.:air.i:-:, f.HO: di!!':rc;"c':l ill 
ero!,s lrt:!ed 1\'H~ peltidc!cs. t . .\. 
CO':Ip:tU:l1l. of a. tri"t::le :n:! ~ C".1!1· 

. liplt co=.;-:.:i~":1 l.u~lbof!. .toed lit. 
lnrdz 22, 351. 

HClpl:iru. J. 1'i .. :'lld N. T. GriCh"tC'lll1. 
19S5. Cc;r..l;;~rk·i.e sCl:';:hi.~]" o! 
fllir a.:d lri:.d fl':'Ct b:e:s:t,. dJ!· 

'(trenee t<:~ts. B:omdTic: 11. G4. 
Jano\\itt., II. D .• l"cl )f. I. Gr:m::"..:.n. 

19",~. G!03to·othctnry, tLrc\ho!os in 
rdatio!1 Ie n~pctlle :.:-:.d h::r.;cr sen· 
S:lUo:$. J. Ap;>I. Physiol. 2, Zl;. 

K~~c:r. ~\. HS9. Glojlo::l.~y 0: .5:"1I::C t¢r.:tS 

used j:1 the sc::so:;r (p:lnd) C1'~lll::l.' 
tiODS of le~~s I;.Dd. be\'t:~ tc.s. FOQd 

TC'(ho1.13, i33. 
KUn!tr, .A., a:.d L. r. nit:::1e. 1956. 

A si:-.tl1i~cd t':\ri,ulcs t.:s!e 'P:.n:1 
Mttlled. le: cc(eclir.t ~a't(\: ct.:.:;:" 
in fc&:ch"b!c-s trc:1t-:0:5 w:th pc:tiducs. 
Food Icchr.eI. 10, 1.j5. 

Ar:l.C'ler. A .• ld, B. A. Ttri;::. 19G::!. 
H Fucca:.tc:tt"h o! QI::1hty C\lntrol 
for the !e~~ l:\I]\I~try." ~.10!i . .Ad 
P"Ulil:i::~ Co., We::port, CIJU:l. 

Kr~u,"er, A .. E. }". M:Jrphy; A ~!. Bri:.nt. 
lI. W::"l!:. a!'ld ~!. E. li'1rJ,.p:.trick. 
lP~l. Stl.lu:cs iQ t=..,tc r:.rel L"\d~.,c.· 
cJorr. J • .&.9r. FDI)J C1Icm. S, :.!4. 

Kramcr. C. Y. l!l55. A. l.'1c:!:.ol! o! chc('s' 
inr ill':':' for t s<:n50rr u:~ri:nel\t. 
Food F.uecrC';" 20, ';'9"2. 

K .. ",,,. C. Y. 1~56. i.edition.l lobI" 
t,r !1 ~clb':d o! chl)o)ir.;:: j.:ut:'c:\ for 
a. acMorl ur-eriClcut.. FQlJr! RucoI(A 
21, 59'. . 

R'r~1I1c:r. C. 1.". nSf. :E"\le:u:en o[ tltul • 
!iple ur.tc: tesb to I:rc:Jp co:rcbtC'~ 
.&djusrtd. l.:u':ms. lii.cm.dTU:J l:i, ]3. 

Kr::n.liC:h. \\": E .• UQ A. ~L Pnr~ol\, 
l~~a. Some pfclitnin:\rl uuuic~ OD 

Inut tl.ltcr. }'ocd RUed"h 23. :ie1. 
L,.,. E- A .• ~. l!. 1,~I<r. :nd G. A. n,lI· 

JI'I.:Ln. a.H. lcc1i:=.l.ililJ' o! taste tCJ~· 
tott aM ron,UEncr ttslinc: k"I(thl~d,. I. 
Tatit:ue in C::I.SIO talint:. Food 
Tl'cAaol 8. J!Sl. 

t...Jckb:ut. l:' 1:. aS1. DiT."znilt::l.l .,... 

<' :'
8eSt' I -4V-4~h- . 
'~8C 

[(flU ~l\Il O!r.:l.llolr[lti~ ~n"'1:~ si" .FQ('d n;: ...... E 
Ttcllllol. 6. ,,:~. 

If:l.t.oll(':'. r. l{. If. T .... Slil!r. roue }:. A. 
CrQ311!". 1~57. ]',:.ll1.lliul: Count 1.!iC. 
lucncC':s it!. C:l.tI:'Ie,\ :.)O'!':'. 1. C.:.t;i~ 
o( tb\! ;illlpii[.t,l rr(lI.C'Ju:C ((.of III.':':" 
in, lI:u'o: chncrC'lIce lC:'!l. FC'Od 
tlCh.AVI. 11, :9. '. 

:\fittlICIJ, J. W. l~:;o,j:'l.. Th(' ei.t{t ot 
IUitRc1cnl o{ 1C'~:i;'lC 1U:"I!l:d .. to 
(h(' p:dr.:d l':!t\ odd jJQSiliuu 1:'1 the 
chlo·trio t."te d;!ie,c;'\ce: test. }'c"d 

• T(chn.ol. lO. 1O~. 
~m(b'll. J. ,y. 1!l5t.b. Dur:ttic'" ~( so:r:· 

silivay in lr:Co I:u!e tcstl~:. rOeo:! 
l'c:du:ol. lO~ ZOI. 

~fit:~ca. J. \\. lS.5i:. P.cb!.:.t.-., ::. 13s'e 
,W'i'e,'\!nce IcHi:I::'. L 'fe~~ '::-.1.:;;n· 
cl~n'. Faoe T((li,'I.ol. J 1, .;. ::;. 

~{itc.l,tli. J. W. l~;ic-. Pr;!;ic~::.:: :":'.~: 
ditfertnce tes:3n::. H. S.:l.J:~:. \;0::, 

lhilit;r d-.:c ~o ti.;::e r..! lh..: .';:,~' ;:.c: 
bye! t!le ,p,e~ic. io::l. Tai.,~;;:. ':'1, 
177. . 

Parls, A. B. H::.s~. n::.~jdlli: \'..:ts.:s $':~~' 
b, in P:11:l!l.b:!.!y !e~a U~::;: ~,·:I! 
tr:i1:ec V:i1ICh'. 'FoCi"! :.~.:t;:::.:,:r t.:~:, 
ic: =-.ethol!o!o;:.'. Q.::.:~u:"'!:l!::: '? r.:.':' 
IUc!. C,Jat::incr ] :-,3t., C!do::'I (:~, ~ . ..;.:,. 

PC17:'L.,. D. r.. 19:iS. S(:;~I')~)' e.;~ :~t=ce 
(utl. FMll T~,il"l.ol. :..::, ~;:. 

pr .. !Tm:ul.u. C., II. S:!!.;.~b~q;. :tt:c. ."1. r:e. .:. 
l1l'ect. IP~i. \"_:i:;.h:e~ :.!'!ec::::; c.!, 
!crentc It':s. reeil ;-.tccp::- :,': ::::. 
in~ C\ethd~!e,":·. Q.::.:t!:r .. ~H:": ::-:e~:i 
In4 COnll!lIe: iest., (."::e..1,::c, jt. i. 

na~ij::s, .J... P. 193:' S~r;:.:t~~j.:.! l·.~l~!i.i 
i: orl::1:lo!C';;!i: rt!c:\t.:h:: 1:."11;::, 
p::li:ec!. diJo·~:-:;, te!tl. :oJ)d r.~~c::,:; 
23. 2~5. 

R:t!C'n.spe:-tct. E. L. a::~ ~". :1. :::~:.:'I. 
19~6. A=lorrlC:c!;t( o! :,:.e !'.:-... :;;:s 
t:ria.lllc ~l :t: 301') i:l e:!c::-i=::'::::O:'l 
tests. FQ(lc TaJ.t.el. 10, :3';, 

Sehf-2fl:t :\ .• ::a fl. l~,)stet. If.jj. ~':C!!.· 
N!s lor u::n; ,:.:~ii:: :.:.<"l. :':::::.s::; 
ol nu: ).l$yclooll.f~ • ..: .. 1 r:'ll'lC::~.l e! 
lood. Food j·(C;.~ol. 11. lS. 

Sj~:lru:n. L. 1: •• S. E. Coli: :.:.r:H. :.:.r.. 
;. :r. C:.u1. !~S7. ).r=(il":~;:l!}' to! 
the AHor S>Ntil.t. 1'c. .. ~ ~,;;.~ .. :. 11, 
!O. 

'I'em. :\1. E., n .. \. l.a:.dl=r. :;.:--: 1... 1 •. 
Duis, lOS:. !~C:T"i ~~!.i;r.' ~:-.; ::(' .... 
uiquc! Ita t!;::'hOlt:l,tie tt'::.·~::,:. F\·:,:! 
Tn1'Aot. G. :::50, 

TiJ;:cr. D. J. l~C~:'. t'llctic:-:. ~CS~3 {Qr 
odor :.r.d ~;'t;;r ar.~I)li.:;. Fo':)d 
Ttchol. 15 (~), ~S. 

'i'i!.ncr. D. To ~9G:!t:. A:lChore<! S(::!:::r 
C\'l1u:ti"G lC:Jt:-~ st~tu" :~I·ort. 

Food TtC"'!.!; P). H. 
W.&rd, A. C .• anCo )L ~. Bo;". j951. 

Compui$o!1 e! .:cr:nl: rl\;;:!U ~..,: 
hro and le'Jr ,.,::-.fjlo o! c::::-, rt t 

lute scniol\. :t'ooJ Trd;II.c-I. ~, Zl'). 
Wilel. R. C .• • \. )L Rr~:.ut. I. S. Y::,C(' 

lon,l::. F. !'Iltltphr. :.:u!. J. H. 5:::1 .. ' 
19ST. "1'1':...: :\Qrt!';':~lt tct:I~·.:1 ;\;1' 

pto:ell to wl1:.!Jo:::I.tiH: ;:'1,,::1 te.\!· izI". FooJ recl.no!. 11, -J.3. 

Tilt ,1.'.,.11'>'" ar~ .... ·ith UI~ IiuC"1.'1f1. :\u, 
trilion :HuC'~tch Didl:r..n, ~\hri,;:lt,"r~l 
"R()t~n::" t-kr~i(e, U. S. n\'p~ftu:t:.L eC 
Atricvltu:e. DdlS1iH..:. ]'fJ. 

Pn.caud :! l~t: ~.!nd ~'\I1fI:J!\! )!cct· 
br o!.llie !nsllt\llc of J'ood Tt:c: o:r-i ... 
cisr". )'!illAillc.)cl,. l1efIJ.1 •• J\.I~': !(\·l~. 
J!lC:. 
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§JENSORY TESTING 

OF DKJFFEI{JE1\JCE§ Kl~. rf A§l'E 

• Tms l~ OXt 01' 7:t'O t!~!;"!n 

0:, U::.<Q':! ::-;:il', I'"f f..HJr til· 
/(r(lIrc:. I!.:lor·rii{crt'lU frslir.g 
u t:'iccly L'Il'd i(l:' qllcW:! c~.llrol 
Ol'ltl fr.,r -: .. tl,,(':'", nltd Ctl,:Ciptnt .. ;' 
\:,cul' 0';1 ft'JG.!: nr.J o(~·ac.ctJ. 1t i3 

TlU/:fllf!', O.at/orr. 'lUll Oit !I:OS' 

,cpprol,ri:lf-: t, tll.o"; n::d ;.r .. ·..-di:ru 
b, (oII(I/I.rJ in orda te; "Ltc:" rt­
lIahIt rrJ='!U, A:to!:l"CfiC ,,::o:nl' 
ielcd m.d "r"f'UJ ill r~., lr.~. 
~,ctld: ,""tC i'ja .. ·~ti 1Cr..:or~··c.iff'(r. 
cr.~t: t:ltill? ", 0 1lI~1t :.:;u.tl,1.: 
t.J.'tiJ. l,'lon,u:ti(llt gair.(d {:o:a 

'(",Ua(rt! colft: (or-d apcri:':Hr.t:t:011 
rill /lItO:(( ~'l!1np alid r.art';1lce 
trcTI1',j'l"-U of diya';r,c Ustil'l7 
(J,t:t u.dl lot' !"t1f!/:6(11 fo 0.= ,'ood 
(lId,lIt,!, ilf. :!.~ 111('''', .,i'ed 17 
){cihou.;, L:_,,(::.·:d in S(r/c:lutr 
Footl T~·d':::i:)t"r. 

I l'r IS DJ1'C'p'·r.\~!' to s?lect 
pallelb.!s ,,1.0 n.\"e a su~crior 
ability to di!t':>ct d:ii'i!rfu('('s. 1,'lle 

e~ndidates co~>i.Je:c<1 !r,r a panel 
. shCl\1!d e!i'hiuiL iHtt'ili:;cllC'C, com. 
prr-l1Cf1sio!1, cOli!:cnlr.lti(\il. !US.a 
hincJ jlltcre~t, ':llIcl ll1n.th·ati"u to· 
W;tru SC'Il'l'J:T tt~ting. Th<:y must, 
"r e·~u~'$C', h::YC !JW:l'l!st ia the l)fob .. 
lem. l'ollelisls ~hould he able to 
detC'ct fine dif:('r~:l~CS in snecifie 

. atlriuut~~ of [cod:;, ~nci to ;:iye re· 
producible iud~lll"nt. ::1 t.,tillg' 
the ~IlIC ~nnlplcs fll dilter,nt time:;. 
A p'nd of 3 to 10 is uSI:oll;r ade. 
qu,te, the size dep~nr.ing on the 
Yari.,Lility M<oci'ted ",i:h lhe eX· 
perilncnl olld on the 1'!I.:;nill!de of 
Il" ditTeren,. bel ween sompks to 
be detected. 

. The s.e1l~itkit1 .ud l"tli01bi1i!r or an 
incliY~u::al vAries !ro,n lime to time 

(B;)g~s (I cT., )~GO). Y~I'j.,!"ili~y is 
C\·C.I g:rr:l:t>r /}el':f"('t:1 i:HEdr1:.::!.!:;.-i:l 
1:\51c tit!l'~::o~'l,:, 1:1 'l'~:\"t'~ O! c.;rcr· 
,ace (!ley can Il;!ii:i[",:;.s.h, ... ::..1 b ;:;,bil .. 
Hy tu ~l\,C it'j)rccu"ii:le j:lI:~m~!:t). 
HC1.1th, !~o;:o, !C:"O, sHlC"id:;;-, nnd (:::IO~ 

{iou;d f:lc:ors J:;'I"r~ becn cO:l!)i~eil'tl 
p":j:iibl~ e~:':~ii 10: \'!:,;a!n!:tr b !:l.ite 
!:(':lil:' 3Iii:j!';&, j;;'i.-!c~~h. Pf.!Ic1 ' .... r ... 
t!id:1:cs iOi., tlJeciiic P:-Gdl:ct m!iY b.,H'e 
t? be c:o::e!ul1cd Oil tJC b:ils of S:HiIC 

of thc!e c:i!r.::.!. 

r.t:lp~rt .. t~ F:c!o:s 

lndh1(hl:tls s~(.·u:d b~ l:c:~~b·. ;'~::lJr 
intectior.s or :he l.:ose ::.nd t:roJ.t :.l!;'\Y 
Jfred n.\\·cr pc:-,:cjl!~l)n,' .·.i~:ot:g:" pte· 
\'lOlJl il!tlt~s i;o::) bay [eYer cr s:nu~ 
m:J.r !lot ,nl'd t~s:tc :ct:ity (K:;:;c!:c. 
'f4r, 19.iG). Xu~ritil,&!I r.e:\lt!J or :\n 
indh'idu:tl mlty :lho a~cct s~nsili.dty. 
.. \bnor:I~:.l bEtC lC.sjJO:S~s h:.\'c 1.1('('11 

{ound in \it.:m:i.::·.\·cc5c;~~t T;'\ts {Be.'. 
tlrd tl al., l!iGl; Sl~i!tr.: II 01., lOSO}. 
TIt::Ul.1:\ !u'.J!c-c=ls 'cc:1dent ira .s:l.~t 
s-hf)",cd incn.:.::o.."'\ t!s\c scr. ... ith·it~· tot' 
s:dt although sl·!·"i:i'dt~· to S\\'~ct, so'.t:", 

~nd bitter !uol\'l'd n(l It:ch c!~'!\:1! 
l'loll,on, 1~5S). n<d~'liun in blood 
!U~.lr lc,'d by u:tl'.lpcritonc::l iujcc. 
tio-:l of iU!lulin ":..5 r.ot usoci:ltcd ·.r:t!l 
I. (}'~:1gc in t:\ste .:t~.iiH'rilrf·lIh:'ou;!l 
preference: {fJr ~\lc;:!.r 'l..1S cnh:ntccl 
(Pf::aaDl.lr.:l :l1l·llI:.;;strom. 1~.53). 

A;e of the illdh'idu:!s should b. 
('onsi~crcd, ~lthnlJ;;h reports V:1ry 

:rcr.tly u to-'the effect of :I;e oa p~nd 
members" :.r.:.zitr (U.lh:tJ., 10SO: Kat. 
ScilC\'Or, )!>,iG). Il.,t\'e\·cr, nil lCn)Ory 

l!:I'(.-sholrl $~n~ith-itie" ~~em to dCt~e:!~c 
t,'xp"ncltti:dly \I.'jtll ::c, ~hcu the in· 
l('u,.,itiM or tll~ th:eillold ~timu!i !\rc 
Clprr.!'o.lIt.Cti in (ernlS ot ~~)'eI"JJu:it':\1 
1U:'l;:lIihule ~:.rH (Jlinchdil!c. 19G:2,. 

'iJI('r~ JlLj'ly he sc!t·:....sucillletl diITL·r • 
tn('a in .lti:ily t.., pCfetive n!l\or. 

J':'lII;I)1')rn (l!l,j'J found :lIuch In\C"cr 

• [G 1 

t!:!~:;.!:cI(!s i.n fC:I'::':($ th.":.!! i:l =:.~'c3 
c:;!e:;r ~:;('. j·:~:'jcJ;:::·:~.:, ~.1 r'';J) :.:. 

EUie or 110 c~hct cic~ :c ~('!: "tu ... ~ ,.: 
1:';~:l1b('rs CI·.1!!J:.[t"\~ p,(,:lf, ;:(':- I:·:"~(;. 
C!:C~ :('sts, wh:ch do) ;Iot rE~;l;t!: :l 

Tcpn:;:e::! •• tiyc !:':I:P!c of (~~.~ j)'-' ,::, 

p:u:d lIitlllhC'I"'$ S!I~;t!<! oC ~C:('l !c.! :.:.:­
!1'!1,,:ti\ily. A.It! .s.~.s: di:';t;.lcu~'{'s s~r. .. :ci 
bt: i;!IOl ~d. 

P!.ysit,lo~ie;;1 iu:ol"\ (,!ot :-c"':~\:':': 
here) :'i'e di.;: ... ·~'i..i(ll iu it !~cc::t i~]~.:· 
ctiou tcil':'ll 11)" ':\.1\1'C :!.::u. lla:pc:-:l 
(1901). 

. X'n~~s!es 
.\.hiEt~, tu di~~:il'}i:~.lI.:: 1:14.: :1::'0 __ _ 

'-IT.:ctcd ur S\!lhtA:l.r:: .. !h!~C.J i'H':\": ::) 

n.J,cr C\',f!u:lio:J (F:h::l:.l ~:lJ ~::.:;~. 
11.;3; Pi!:;r:!:t d d" 19)~). n~:::::· 
L:l.ch a:.:d r;.:lleuh~th (1~~3) :1-:'1:cd :: .. I~ 
th~ e1!cct on t:t~te ::c:l:ty 01 t!.'i!.,:; 

0:-:'1" ~ood !.tcft;,:-c !lhuthcr '::::1S :-(.'f:¢~:!: 
in :he t~rly 1500'5, Hc!'~ t: ai. lj:"~) 
rt'p"r1~d tbt ldr,h':ol C'll!.::1:'ccs :'! 
$.·.'C'C'C:I~CSS "c :l. ~tlert).';~ !lol;'J:~.J~. S:..:· 
cro~c si;aific.;nlly clcel·,:a.i~d thc ::c:· 
(dved intr:u.sitv CIt c.1ITdr.c, h:.:t ~j:l.. C 

1\';15 no cddcn~e: th~t suo:!' .. ',;~C: a,7,:c:.::l 
t~c p('('ceptiC'lIl ot C\'Cll st:-ClU; .s~'::. 
tic..-:.s or :-:Ilt (J':un(,I:~I7.;"Y ";1.~ :':!. 
,ri::., 19;'~). K,""n "od P.!~';:: 
(lO:;O) rt'pol'[('(l Ine (,,'ted u~ .s\.~::... 

t!m'::iholu prilll~1I·5··ta:i:C' sli:u .. 1i 0::: ::',;~. 
seC1ulI!;l1l1y !"lotCd. J.rifll:u'Y·l.lstc :;0::':' 

tions, )ti:du1'c.l of slirullH hnTC: ;.~:;,~ 
been )(udi~d :1.110 to thc::r ('Lcd Otl t;5!': 

perccption (IEnrci:lcr rl r.l., 1~5;:.; 
l':l:i:;-I,orn, lD6l), l~Gl; Vcldcs tl c! .. 
l~::G}. . 

In :\ rccc:.t c::t{lc:rh.u:l~t! "i'\e i:wt:.~.· 
":I.(c,od tlte: ,n-ecl or S'\'cr~l l'l'ClJ'\!:r~ C:\ 

tile: :IJiJir\' to di<.tin!,;u: .. h ,lit.'Cfl.'i.Cl'S !;, 

t!n: tn""e' or iJfI(lll~\'ooi \\illi 4nJ \"i:I!· 
out Alltit'11 ')I"UilUIl chlnrill~. 'l':i:1lI':!c 
test.", ,,'cre (>l:Ipl"yc/l ju ~ :'.:1nt!ol!l::'I':1 

C ,r..-' hlnek th·,r"i;:n (COdlnUl ftu,l ~:t, _'J.J' ,. 

'l'hl'! JH·"(!\·~h:,l suiJ1J3Uel.'$ "erc: to;:':l,to 
jIJiC't", luil!;. 31'i'lc juict, :~~. J\i1r'c, 
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I 

(1'["(' "\'rnll lit l(\'ri huuil: .. " 
r.t tIU'("~ J::;;! eli;,,· 
1',111111 IrlHllt·r.tIUn' 

. Twu IlIilllOh':- ,·l:'J,~·d J.~·t-.H·I':1 

(,r tltt' l'rd:ll'h'd ,.nh .... t:ull·\":' 

t1:C C\':dll:It:UII til' ttw tk,t;Lt,I,,"':'o, 
Tltt· I'MII'( diITcl"·lIti.lkll hdw('\'u,th~' 

\· .. itli ;1.1.11 \\ ithuut :1\1,11'1.1 ",. 
I C'hlt\1'i'!e 111111 t' tlnl'U ("i~lIifit'aul 

1 ~~ !t'nl) ",h"11 the pr('t:t:1c '.\:" 
\\~(('r, itul ('Uuill.HI. 'lUlt hIlt 

p'al,lc 1) :Ultt (at Illl' SsG h-v"l) 

l"ft~:1Itd 
U;'Ul:ltt 

l1iltilld "',Ier 
D"uiUCOl 
('~t!',.. 

~O'l:\IC i.,iet 
ANlcjli;"C' 
~.~ lJI;~. 
>JII\: 

oC l1ref:'l:.lc 0'1 H:e 
<;c .... ·wil4 "111.1 ~ith' 

CcrtKt nlcrli;w1 
.c lii::erc:11 

Ttr:\rrn~llr~ ut:\;I~ I 

('el (Ij.) 

" to:;· • 
5' 11.--
,0 .$9 '" 
10 "-" iT 
:. <1 
I. « 
I. :. 

I 
C,..c", 

'Si'lIit'tlc11r ,ft':ah'r ,·tr.:cn: .. ,t t!::.~a Uo' 

'~Itll to) ,1..:I'\.:t At til; l'~ l"~d. 
'". s.i:nirIC.l~ll)' ,rn \H to( ·tC"I:l~' lil':l e't· 

~r-d. "r C};'Mt .t. 11If' Ire : .. q·l. 

I . 'I"II.~ LII.a,,:n"r or eO::'H·t H!lc:io.n. c= :'tc 
l\::~ttnl l;rr.rto in J:: 1I1·loi:. :t'~[I. 1~t c:,:. 
f~rt:l:t "1:'I'i~ (c,,'d 1..;0 1:.: C'!C ... h~ o.r 'ali· 

) .~' .'",' "J<'." _!,',," ,. 

I' to:U!l.to l~tICt'. Th!: !):'!.::d O;c. ll:l~ c:E •. 
. r~~·~1JtiJ.ta br.tw~eu t!i:! 5:'!.'111'Ie:l: :\ si:.{· 

l1~ficnnt numllcr of ti::le~ "ltc.r t:':e 

I ot'n~r rrC'la~tc-d sub.=:t:U:'C~3. 
. '1'b.: l~t~lpcr.\tUl'c. Co! the ?:-e~:,'S:~ ~? 
p~.ltul lo l'!l\'c :lU tffcct on c.d,;cli:l= 
r.a.\'vr clncrcnct'!.. AI! ... ,r the pre~~s~,;-~ 

I $c1'\"('11 .'\t rOO:ll l('1:1?~t:Lt!1re al.d at 
50t'C Yl('I,j:d ,:i;:;n:::c:':lt diITert':: .. cs !.t 
lhe 1~ l<:-\'~!J lJl:l t1tert W~rL; r.o s:§;t.ii •• 
u.nl cif(c:c:I:~.5 at t!:i; icycl ",hell Il'c 

I J'lt(:til.:'tc:; ,reI'\! !'=r .... 1!d J\.t lOGe (r!:" 
t,\!!"i~Cli' ttlr·c:hlUctl). 

~ . V~:-b!~liJ~'''''1''3n 1-' :1 pHrO:'l':~r:..:~ 

I 
e1.n L~ dJ<.t:rc":l~~~l 11\' $<!!<.ct:nf; ::c:::.:t,,;c 
iudi~~d\j-ll,~jT,J\!t,h~,:cir.~ And c;:ck:::; 
their p~:rl)J'ilI:L:;'cc:s. 

I 
';4St<' Thrciho!ds 

J.'hre-'ilI01J lr.',-ih \·:i;h ~ch~~ioll~ or 
pure e:hclllic.\!s h~\'e been us~d :0:­
rJfo.hY yc-ar1 to select p:l.lld Ule:llh~r.i 

I and (0 deled dilTercnccs ill H:.e sc::~o;i .. 
tl,ity or in(li\'hltlais to $t\'c-ct, $:!t, 
ioOur, ~f'ld Litler $olutiolols. In o~r 
bl>oroiloTJo

, we ,tctct'lIIincd tl,fC',-holJ"; 

I oC pl\hJIC't~in~ p:Lllci IIIcn,Lcrs rtfr l!lc 
fOllr bsic or III llt1:\ry r:t~t(' .. ::..; ~ h~tis 

I 
I 
il 

(or I, study on 10elh(lIlulo:;y or di[ .. 
(crI:JlCC tc.,[s. 

Triln;:le clilcliun t~ t .. were. 1M-de I.)' 
h'o ~!o~('i~rl'S to COIII{'a.CC tltr~hl')ldl 
" .. hr-n the: In\tc: i\ LI:OWII to Ihc ".\nclio;t 
(1 .. , A) led wIt-" it i, lOot (Tc.t n), 

tllt·llli,·.III • .- PIU'l' !'Itolllllllll' v( :-ucrU'-l,.', 
I'ul{\'l':c-, ;J1!lt :-']',lIUl!l dll .. 'rhl\., \l'l'[ C 

U'-ttl ill \·ari\lu .. l\.·vd:::. ur runn:IlIt:,ti,lI1. 
In k .. :t.\ t.,\,h tli.lll:.:h' l·un,~i.,ld IIC twu 
:-IU:llIlc!. nr ,li;o..liJln.f \\'.!ll'r .::tl,,( 01\1' or 

the t.:t~i<: I;· ... t ... · ~ul\1th,ll. I II tl~l H th\.· 
lH .. l- :::1I1I1'{'-:> in t,;1t:h lri:l.II;lc t;\'.-c 

dlhl'r th\.· Im:o.ic t.\:-.t\.· In:in:; t.:\h·j nr 
dl~lifl~,r \'·"(l·r. 1'[le Pl'I'SOU"S thrl'""'lho!d 

iu t'o'\ch h-:t \\;\ ... dctcl'lIIicl'd llY I!IC 
lowc'it lllol.tr c1ilt1li~1I1 idl!lI~i!:r,1 tI. si;. 
lIifi\·:u:t 1l\.Hllhcr or timcs at L!tc l~ 
lord. 

The c1iUrullct Ihr":ilto!J ".15 C!il:o.!; .. 

E.clll'd ill tc,::.l .\. \>IIl'1I t!lt", '::"':l': l\'~S 
informed or lhe. !:H!-: i'~:"J) I~tl'd "lid 
ask cd 0111." :.1 ':. : ... \.·t the S:lIllf1!c in llll:: 

·lri:'l·· .. i,· .... mt:lillillg thl! h:l.~ic t .. ::lc. 
"':'~ laJte Ihrc~hotd \filS c;t::hli..,h~d iu 

MOLES PER 
LITER 

,014 

.012 

,010 

,008 

.006 

o DIFFERENC~ 
00 TA$TE 

,004r 
,0002r~~J....n.,-~", 

1_ I'::::'~:::':I L"",J 
CAFFEINE: 

a Poirs· r=::J Trio~glcs 

I 
Rt. 

:3 

[oil< 

I 

2 
[ 

.. 

r::: Il- .... 
~:: 
:::. 
. ... 

o 

;:r 
.. 

I.' 
, 

~ I· , 
r < 

'. I 

t:~ 
SUCROSE 

~ 
' , 1 r:. . 

-::. 

'.' ~ :'. .j. .: .. ; 
:: I 

::: h 
TARThRIC 

ACID' 

(1':-1 H, \\h\'11 c,wl, l',III,·II"'~ Wit"{ 1"li11ir\',1 
tu n;1.lll<; th ... · :n:.t1: 1'~iJ.; t~'~l~:! .:::d ( ... 
id(./llify tl",! ~,UIII'''' or s .. lIlll'l(' ... I."\,tn~ 
[:linin;; II",: h.I:-:c t,I:-I\· • 

The di('(rtlll:t: l:II\,.' :"'1.1 i\ tltc luwr ... t 
tllO 1 ,I r cut! r.:1·1I{ 1 a: illl, Iii .. : in;;n i::-h.,I,; l' 
[tom ,Iislilicri \\,:11,·1' w;thot1t i,lclltii'I\.J\" 
lion ur the t:,.ctc-. SUIIIC olher' fl't'lII-S 

u,:(,,1 fur the tli..,ITCll·!H.'C' thrc$!,ulcl .'l.rt! 

SCIt'iiti"ily, !iu!'tl" ~';oh,)M t.::.~h·1 :>ub. 
Iimill:tl, nnd thl'"l,::-.lloIJ c.! !'ot::t'.ltiC'lIl 

(Fnloi:ln :tnd mUI,l, j~lU; Ridder .\1:1.1 
CAlUpLdl, 19';0: liid:!\.'!' :IH.! ~[.II:L!"·I:;. 
l~:':~·). The l(l.,:~ thr .. ·~!.oIJ :5 the :1I:lli. 
luum conl.'(,I::l.ltio:t i:. \\h:"'!l tll\: j·ui;.;-..: 
c:m rCt'(,;;ui~c ~:\(l i,!('n~:iy r!:c t., ... :.:. .... 
... \untlu::r Icrm \J~l:"d let" t=SIc: thr\~~.okl 
js g'l:sl:ttor:--: t!u·c:.hohl {J:.:~O\\ ill ~wJ 
GroS~III~II, :S~3; Gotltl " e!., l~';01Jj. 

'. BESi 

~ .-
.:. 

F7t , 
1; 

7: 
'J 

' . 

~ii. " 

,-,. 

SODI:..JM 
CHLORIDE 

r;:: 
.'. 
" "-.. -.-. 
::--

Q 
(;< 

r "-

" 

.' r 
[: 
r; 
_ ...... 

411.<\11 " 
'-'iBLE 

~ 
I 1 
1 
~ 
j 

" 

,'j,. :. C";"l'tlri'OIt of ,"rO,0,13 lor tl({(Tmillin.!7 'CUll r/.f"('sJ,oIJI LjI T""l,i"" Col 
l'tl-lrl ""(ChI. r.IJII.:': 0/1 i~ IItt 11I1t'or tnCIl" Ihul',tHf! lor liz: ,dAd rl~J":'(''': rro"': 0/ 
J, 0.& }o,i9~(Jr. 
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J Jc.:' 1 .... ltow~ tile ""nd ll:Il~IH"hL; 
for ll1cro~c, C'a{fl.:'ilU:. :1.110 ~uJiu:u 
'Chto:jdl!. l'hc I.I-ell lhreslu.!ds r"r Llle 
.pll.ud ('l'\,,!'l H) \I.·erc colt~i~C'(:1hly 
Jli~hC'r t"an .~; .• , niJlrrrllcc t!trl'''hC'hl:,; 
{or lite: l'"nd ('J , .... ! ,:\). Siulil:ir rc:­
J.ulL, 11:1\'" 1",."\": (t'pork.i -', thc lilc.:r:l.· 
lure (P.1I1t:t,Ot'Jl, 19,'39; Hte:.tc!" '!Utd 
C'lIIl'bdl,19·1O; Hi,I,(or Md M ..... ".r.. 
J930: ~'nbb" .tIIl Hlunl. ID:3). 
. Siner. lute. thn'!"'hold;t :ore consider­

nl,J\" lti.-hci til:t11 tliITercnc:e: thrc.sho!ds, 
it is il~tport:J.tIt ill c:ta.o!i!hin,t:' loul!! 
tltrcsl:"!ds (h~( lho v"ndisl idon(iiy 
the IAste Lein: tcst\!J. 

Tri~tI=le, p.lil-cd, :::1(1 sbc::~~sti:uultls 
aBution tests were: e:om?:rl.'d to rlcler. 
111inc the J!to.sl cffiC'icnt. method or 
c;'S!Abli~hL,: t:tstc lhrcsho~c.., for the 
four b:l$l1.! Us1ts. 

P:1Lud tlllemb'!t"S ~'erc t<;ltd' thAt til::)' 
It'e-~'bcinb ,tcstc:u fo:, b:itc: s:'l'L.",iti\-it\· , \ .... . 
.(0 \lljc) £ot1r~ L:UlC t;u~es, but were not 
'ibla the oreer i:1 \\"la:tb l.b: l~st\".;; "ere 
~acrcd. 'l'he six p.:l.ncEs!s 1t'crc r;::· 
quir('d to r.:".m.c the \:t;;tt: bdng te5~cd 
ant1 idcnH:y z!'llllplr:~ eo::bdnin: Ute 
t:.ste. J'l::-.ndo:l1:zed b!ocl: dcsig'!ls \fCrC 

lZsed ro:' a!l met~lod~. 
111 tbe t:i;(II~lc t~t, (i t:iJ."i='tes \\'cre 

s~ed 1\.t c~eh c.f 3 U";S:Cr..3 ~r..d fo: 3 
J~\'eI" of ('!')l!CI!:Jt::otiOll. rh~ ulik<" 
s:l:11ph5' i:J c;,,~ch tri:ltl;-le \i'e:-t: citile:r 
t.hc: ~~sic Ins!e bciu~ h:5~cd or diitil:(,·d 
\\'&tet. In thc p:.i:·cd CI:l:;:.par:£on tc~t, 
10 p.:i.L.""S of samples Cer C.'ic;' or 2: $'::i­

sious \t'('re ~e~ed for 3 l~t'c~ of co::.·. 
ceutritlC'n: Ie. both tcs~s, }JJ.nclists 
"'ere rl.":;l!:tcd to iden:ify t!!e basic 
tA,!;tc 1J..eiu; lcHec! ~ $:c;ulf;c:u:t number 
of t!~I(.'S ct tce 1 % Je\·el. 

In the sh::;:lc·s~i::i.:.:hls tests, t::.:: 
11o.ccli~!5 t?r.s~cd S !ol;,Hl:J':'S or ,,~c rd· 
mary b..stc b c:dcr of ill~.~sil"$' mohr 
cOlle~r.t:-4tio:l .G.ud h.diC':o:d ia ,,!:ieh 
b-e::J..cr they wel'e pos:li.e c~ t!:e idcQ~ 
titS or th::: taste. l"bis t'!\t ''''as rc· 
pcotlcC :: t:!:l~S fer cr.d: b'::;lC t:,.s~t. 

Tbe thrc.ihoid C'oo\'c:1~rtt:c!l. ';'!'i ,i.e 
z.vcrl\~~ (,Ie .. the ru.:.:.:.:- c\):;.:el!:ll:.~i,,::.s 

[0: lhl.! 3 I ('j..llic.lll~:IS. 
'Yhcu res:.dts of l!;e I!:!~h.:lC' \t'tlt 

comparee, Jorrest t~:c'l)l:olds wc~e 
1!.":l.I:l.H,Y t!c:~O:lsl:-ctd by the p~i:s, 
nc;~t JO\t'cs: by td.!~~!C'$J :::.!d t!.e 
hi~hC"::.t tilrci:"\olc..; by lhe si:1~!c·stim~. 
lus pfo.:dl!re (Fi;. ~). Iil reporti::; 
l.c.sle thrc:s!lo!.:!s, ti:e la~lhlJcs u!'>cd tn~S! 
he d\!S.cJihcd c.cc:JrOllcly s:ItCC t!:I:Y hlye 
1\ Luring on lilc rc:::.c!:). When only 
h·,o ~J.l:1pres were complrcC, the tlStc 
~ppc.rcd to be iJcntificd by conlr;::,\t 
J'\lorc c~!:Iily lII41t ill 11.:; t:-iln:;~e 
method, fO tll.'rc one out of three Si.Jl1· 
pl.C'S w:t.S c.litrcrcnt_ In the sin~le· 
,Itlnutus lc'\t, 8. hi;,:ilrt' C'\):lccutr.ltion 
or (lIe ~~tc 'Yo-ns flt'C'l.kd (or itJcntifi· 
C.l lion. 
Tht" rll.irc!l'ctHnp;ui...an Aad lrillD,tc 

h",I" rC:li'lir~ 2 h' ~ lil1lC":S IL' lIUIII)' 
K: ..... i·m~ n;;; I": Jo<llll;lc·aliluU1U:i Ulctlll;I.l, 
aud :!~f: tu 3 LiUI\"5 A:i 10110' per ~~"inn, 

Thco (oll('C'ntr,tliOIl~: in ILI()l~l ref 
li(er, Cor Lhc ('i;;ht )ututiulI"; u( C'neh 
.s.:':!::~~:iCC: were: 

Cen«nlral[oO; 'r.ArI",I, £o:,.fi"l1 r' .",&014, • ,.cu .• ul4 (hi:."'.!, C·r.dt 
I o.oOC~ 0.Q0001 O.O~I~ I ~.I)OO~'-' 
Z .01~S .O'JOOS .ooIG .00vG 
3 .0lSG .00OIG .00Gl .OOOS , .O:t~G .OO03Z .0125 .00(. 
5 .0·.:.11) .000Gl .O:6G .003::: 
6 .oSSS .~OIZS .O:!:iG .OOS! . .0819 .OO~S • .O.Hl .OOSS . 
& .1024 .00~1Z .OSl:! .012$ 

Also, the p!1ircd &nd tflo".::" r"Sf! re· 
Ciuirc:d ;1 to G~~ till1C'Z O't:i Jnbn;o -'i.::'. 
pies for siatistk4I )i:;-nific:lnec A! the 
sin~h··ltil~ulul niethoc. l'he lime! re· 
qui;-e:d fCl:' l:ibora.tol,,)· prep·:Lr:l.liIJII "as 
al50 lIlt!t'h cr(':':.te-r fCJ: thc p~:':cd l\uC 

. tr~II;;lc I:H:tc.ods. 
Indh·hl:.:\!s ~lhibit \'cry d:f"~rent Te· 

&e!ions to I::hte slimuti AS !ho\("t:. bi' 
th:c:shold rab.t:~ for the I.OLSic (:lostC!!. 
Ou:" f:u:lil!c;'s :l~rce "'ire :hNC Dr 
n:akc::le" (ltJ3"2j ill 1!t~: no ol:e of the: 
'P:utl wn.'i the POt)I'C'!t «(1:' ecs!) t:\.itcr 
in rrsp("et to all $ub .. l:!.r.::,,·!: tcostcd. 
SOllie- \t'ere N!ath·c1y ~eu:c (or poor) 
tt.S!e:s for :oll Sub5tlhce~ :(st('·a. 

'1'rotinin: 
In A t!l~rd study the t..:.~t\! ll.:.rcshold~ 

o! lrtint:d .... uc. l.lulra!.."1('-!' p.a.::t:li~t.; 
"'crt C'olnp:Lrcd hy s:n6'!.:· .. ~i.1:uh:l dilu­
t:O:1 (es!.$. The tests \t"cr~ th'en to s:x 
uFre:~cueed V'!I(~!ists vJ'~~e t!\!.lc 
thlCSb,.,ids h:td p:-c'riou~ly bect! e.st:i;~I~ 
lis.~~d bi' tri:~~~lc :tucl !.:.i,t:d dHu:i.:ln 
tests. The :ikglc.stimt:las tests w.:-re 
re~('.:tkd fl):" I. p.:tncl oC 12 s!:l1! r.1C"U\­

bc:s ,.bosc b:.<:~-: tA:ite th:Cihcid~ 't\Clo! 

:.,mkl:owl\ :'.I:d ".1:1.1 had no~ t.!l.~eu the 
other te.sl'i... 

rn Unlrcined Tosle.s 

CO:;CENn::. liON 

·1 
~-1 ., .\ 

~ 
b .. , 
::: 
' .. .•.. 
=:?, 

SUCROSe: TARTARIC 
I\Clo 

CaJ 

Tht traincd p"::'c1 had si~nir:c~nr::­
!O\\'cr tfirc.:;r.eo!d:; d •. '\n tl:e 'W:.lnti .. oo;.d 
;::.[;('1 for fOf.!tU:U chic:idc. ~:'::;"O:C, AI:'~ 
t1.:-b.:ic .. de! (Fi:;. 3). HO"'~\'~"1 tit:. 
p:lUd~ die.! not c:"'!'e: !i;:::::c1.:-.:1:i i:: 
tltt::r thrl!.i!:clcs. ·Ce:' C:::('.!I!_ So::u~ o~ 

the p:md I::c(ahc~s :.::?~:~:...: :: eJ.:::,. 
oycr iu t.:s~c il: t!:~ !~:-:c·s c: C.1::·l:j::.~_ 
X(.i!~01! (19,jj) r('i'~rt.:·: t!:.:t, i..1. 
t.lsticg C~~c:ir.iJ t';e:-c is .a 3j,s\'ct:1:1 
'dol)' bdo:-c til(' ?e:.k c=' :J::~:t!('u i, 
re.1chcc! ::iiC t!:;:: t:I'" l,i~!~:' [:~!tc !:o,:s 
O\'er 2. wi:::'::Ci. PJ~sts:,:-r.. (1~.ZJl r~· 
p~!'tccl .a. Gcdccd '-!erc ... ~~ b. ~:; 
thre.sI.:\,lcs \:-:th l'::.:~k(', 1...;: the:·e.:~ 

A. \nc!~ t.!:i~t::>:; b:\'o'ecu i:.i:''':.!\:J:S 
io. d('~n'~ (,~ s:t..:i, i::':i):·";I!I.,~;:~. 

x".j .. ;l' .... p' I>:- ... d ~:c.·:·i,o:'·~ i:.-::-I:'!':V!'i 

_s.:.!lS':.~:';\" I .!;'p c'.': :-::- ",.,: :::e 
h~n~! hlS t::,i:~:-:·~ , ... C::,,:,,::':':~:::; r"-, 
t!:e tHoce.::I'''' Ie It..: ea.! .... -.:c: ::_l' ~\ ) 

• • ... ,1 Or ... \."f .. ~,; .......... ,) ,I., .• ' •.. -.1 , .. ) 
l.~' ..• .o-:a_~=""V"''''--''~~''''''''-''._._''_ 
~!'tt".eC'r: o'..:.!l:~\· ('t: i~:.;o:l.':'::~· .:: ~ .• _ 
_~.~u::~E.1..~~£ fU;:!.!:::.z~s t':c c:!~~:~ 0: 
Ir:,:o!a:'·lI.!!t t:.e!::-I'$. 
-Thc~!'T~"=Q!c Tr.!'·; :"I:i:·C;·C 

\· .. i:h l:-:'::I::-:: (HO::Il,~!'t~ " c:. l~~·j; 
[i::c~'~ci~~= Si:C\\~:I, 1:"':;3) . .1!. 
rhou~h !h,,:t !e:o::-:tiol:t MI': t:;;;ili::g 
pIUS'fal.'S J:::li h,,\c r:.o d(';,r·c:..: ('3'",: 

15m Trc1~e::: Tcst;rs 
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011 the pr.r{C)rUlMI"C or 
(~;cl,lo.I'N': " ai" 1~5-l). 

SJ)cci:.l ~'~$te~ 
Pn1!C'1 Inrmbcrs 111:\: IJC dloSI!n t'n 

tile br.$i.~ or, t!:dr thrr.-hil1J :ttn~iti\·it;l:s 
lu F:ttL~f:lIle~ olher th:\ll the Im,sie 
f,."u;tcs, nut!- tmiucd ",-ith tbr::c suh~ 
fi!:1.llCCi. SolutiOlL~ or in:s~ctic:idC''i 
(l>~"';t:()n rl ttl., l!1.5:\j GoulJ tt til., 
l!l51). ,.nlliunt hisnilitc (DoO'~s And 
WArd, )(,;;0), in,it.ti"n peppers 
CPC"l)'IUIl Oilld Swnrtl, J!>.n), ilnd meat 
e.:dl":\~ts ()!eT..c!.u ,I oZ." 195~) llA\'c 
b\!cu usc:d. 

11.0\\"('\·cr, t\"idcnec is ouly lill1ited 
that the :\hilit~· to cetC'd dilIC'rcne~s in .. 
foods .," he predi<l,d b~' • p."e1' 
lnrlnbC'r·~ thn·shold \'.:Iac (Hall ct o!., 
1050). ;lI.ekq ond Jones (10s.J) rc· 
ported th." 11. j\ld~c who l\"c'-s ;;ood for 
{MUll:: \\';t{cr '!:olclioJ!s wQuld not 
nccf:~,,;nrjf:.· be :\ t'vuc.: jllJ:;~ tut (:\sth:~ 
rcods ... .\ jtl':~(! wi:o cc~lcl rC:la.i.!:.' db,­
till~cish ... 1;"S.:t: in O:1t food W!.S nol 
.!.ht'~rs t.Me to rli5~i:t;cis.h the ~'\!lie 
bs!.c in other i('(,ds. J~ir;"p:.trick d cl. 
(195i) f('portcd tll.lt a p':l"Son Aeu~tly 
stu~ith"e to (\O:f oft-I!a.\"or iu recCI::sti­
(ute.! dry' mOk luay r.ot b~ ~cnsiti\"c to 
.. \I otr·fil\'ori: 

T Ilres hoI CS fur ci!f,,:-('u~·tc~t1Jred 
food:i 1\'ith r.,lccd p:-i:':l::-r (lutes r ... ~:e 

. '",trcdc:d by the t:-1>c or food, tcxtU1C'J 
J t.nc. l.:\"'ds of coas~i:~.h'ljts :tdJ.cc., Al!C 

\Alied \\ith ,·::.ti: ji.1~ge ()£a.d .. ey Aad 
ValQs~j., )9~C). 'rb.rc~hCl!t!5 l"'.'cre. low~r 
!ClT WAter :s~l!.lti,,"!s th:au for the !-11!lC 

SUb.itiltlCCS :!"I foods. C:llJll'heU tl nL 
(1~5S) :nu Hiore;"cr ,I nl. (l~"j,,) 
J epodcu hi!;IH.:r the.:l!lold.:; .io~ ... ~b· 
s{~nC't"S .s.c~cd to herc-r.lgN t~:;.n fer 
It''specti'''e thr~l:olds i:-. \,·Rlrr ~l".· 
tions. )hC'~e,\' (1955) rrllorted U:.!t 
tll!~ ~oh-ct:t r.ltdi'.,.m 1,:!~d~ di~e~rr:r.lc:lt 
of taste !--.~h:·t.1::CCS. Fr;::1:ir:: t:l.:-~(S 
'''cr<. c<f.sie..:.l 10 cct('d i: ,,·~tcr, l:~X~ 
3n \\atcr b.1:cl (c~~t~h.c, :.'::1 !,:O'it ci3-
c~ll in oil. _\pp'!.:c.-:::!r. !-t:1J::tbr,,,-ci 
l1111S~ ~i"''-oOh'c i:: tcc sa!\,"! before they 
Ci\1l b..: l;'\!-th .. u. 
·Gir.lrd(\~ d d. (195~) ~til.l('d tbt 

!c1cdin~ P:':II"':S all the b.~ .. L'" o! 5e:-;5;­
liyit~· to (he fu:Jr u.l$i:: tutts is or 
Jin'ttcd \ .. t\ll1c L(",:'\u~C' o~lr CIne fsd"r 
o! l\ (,oIJlplc.~ !.itt::dio:t is cl)midercc. 
Tho;"'!c RUtlWI"S lC}.lCnh.d A me thou of 
!IoC.1c-c:ill~ p::ncl lI\cmkcr:i with the 1::1:.­
t(,'~l\l lo he t~!t.d. ProcC'cJJJ!c,; \!.~in: 
tllC rOM lo Lc c\·:I1u:'Itct\ !Ol· ... )':\IIc1 sc-

I lrdioll h:l\"t: :11?(I I:~ch,,~rrr.;):tid by 
'" " n' "-" hr;tlllCr t\flU 1 \1 I~Z' (l;.lC:!·);',' J'~RH't' 

\

. -I .1. (l~,:,O) ,lid "'ilC" ,I nl, ('J~Si), 
'le procl'/lnr"'l ill\·ol~·e ((' ... lin, tile 

I ,,'Jility or pand JIIt'lIIb"'r3: 10 I.H.o.erillli_ 
h;'llc:- 111'{wrf'l1 .... lIlIpIM I\rHl/or to "'\.r: 
l\'l'roclu( HIle (IUalil.tti\·c jllll~lnef'1s. 

I 
"hc IIII,...t rcliul.tc "m..l :.t·lI .. itin· prnons 

.. Lre rduiu<...J [or the l':llld. 

" 

l'And JI1t"lubcn" Are nl~ .k"k·t't<'tl uli 
their alliiih' tv lli.itin;.;uhh o<lol"s a:: . . 
'A·tllu O:n-ors:. I,I u.recllin; O\'er GOO 
l'f"Ollle by 0c10l'-l'l'1('C'ption :llId odor­
rttClt=l1ilion sc:ri~!J no per~(.In \\,,:.11; {(.Iuud 
completely Anc.<;1l1tC (eMIl. l~:ti'). 01. 
( .. elM)" lhrC$hold.~ nre lIPJl~rrlllly rt:-
1:\1C'\1 to rood int:lke sillcr: 't"lt(i:lHolt~ in 
UI(C':.'holds 'du not ()('t'u:" when noon 
nte!lJs are ollliU~d (GoC"ut t't al., 
ID50,,), )I.lhod. or d'l"'lIIinin:; odor 
idcotifie:ltious h:wc hct"n rc-:1C'rted l'Y 
lI1A~r persous, il1ch:djr.~ Pilc;rim ~l!d 
SchutT. (IDS;), J(.Ihmltlo Gnd S:ln. 
dor,l (J9CC) nod John'lon .i,d l'.rk, 
,(lgGO), 

m:r.EiU:r;CES 
D:'lttn. \t. D. l!)SO. n~::.eti(>JI oc' :\I;e 

tr::>u;>s to orb:.noleptir: Les~, Fcoa 
Tulmo!, 4, !;i, 

DCDII('(t, G., L. ).!. Si':ur, !\f\a )f. L. 
DIl'M.s. 19Ju. The ,·:1:J-': o! t:::nill~ 
a ,eus:!r! lC's~ r;'I.:l. }'c()d l'Cc!1I1CI_ 
10.20;. 

U<:r&, Ii, lC, 1'. Filipe::o, E. ninreillcr, 
a.nd A. D. \\"c.!;!J. lS:;:;. I::r;;'!:":'Llion 
o{ tb:esho!r!l :r.c! LR'::::'\,,·H:r.1 t!it;c:· 
t:'l~t co:tCCI!t:";t!io::s fo! r::rlou: c-,::., 
.::tuer:u o! \n:.:el. II. Slrce::::c:SJ: 
tile dt'cct of ct!Iyl ;k"l;o!, (.I;; ... ~:C 
Aeidl cn<l l;ur.::.. }'oo~ 1 (c1ln~l. -g, 
13!. 

Dt:::.Jrd. I:. A.,lt P. l!;!~c:!'I. :Hl.ol ;\L P.. 
Kale. l!lGl, '!:r.-(:~ c! \i!:::lin A. 
c.cr:dene~· ,,:,. h.:::e. Proc. SI):, Ezra. 
Ctoe. J.:CG. l~S. iH. 

13lake~lcc. A. F. 193::!. Gel:c~:cl o! :e:l' 
'0-:: th:es~ol\l5: 'I':.:s.~e for pile:.:y} 
thio tMbJl::.ic!e. flOC, .);.::1. .deed. 

. Sd. B.l~O. 
Dc;p, ),1. )£., Ana A .... C. V:Md. lSl.50. 

S:Or1l1j: lcdwiC;l:;l tor llJ:G:ed. !.,oc .... 
J"cotl :1 ali11QI. t :S::!. 

!3o;.,P, ;.1. )1. •• D, \Y. Yc:;s:roln, J. G. 
H!lrri.s. alld S Shi:-;o~1. Hy.'). l'e:-· 
!o:C'I:lcec of ll~\"ct ~\lci2"~s ill I"::;· 
t!::nl J.tudil'!j \f'itb trc:ea o.· .. lIi:lvwcr 
sr;,ilj'lin;l.ch. J·co.:!. rccill'c!. H, J(j6. 

~rnrLeU. C. L .• It. }:. D:L:';·e.,". S. D.:-ol..l· 

!~r ~tSr ~;i ~!~h~,;;c.~t,i\~~ ;. :~~; .~.! ~~ ~ 
j;,J,\"o: o! brc"ed (o~\e. Foo!. R(. 
1:C.rc,\ 23, 5;", 

Cacl, J. }'. 1!)3i. The j.:,,':!e r-.;':~.,)'! of 
f..1\o: .tf"..::hsis, .!::ar.r.':~l 1" }·c~d. 
F.tfccr.h '1,.1.. 

Cocb:a, W. G., i\:J.G G. :.!: C-:J1. 1?5i. 
"ElT'eoi:-:;~nt:).l De3i;::-l " ZJ ec!. 
Joh:1 \\'il:y :am! ~,,:.!. i\·CH Yo:1:. • 

lJ;;.lic:Lt.ch. J. \\'., c:.':' h:. )!. JJ:lIlcr.· 
L;c.II. 19!3. The e:!'.:e:s. of LiIlC( 
;1I!:lp13.lio:l on sC~l,tir::)". Am. J. 
j')!.r·dlol. 55. ~1. 

lb.\\.S;"II, E. H" G. L. Gilpiio. )!. }:, l'ir1c. 
patrid.:, :J,;;,d C, A. Wei!;\'!' lQ:;J. 
}'Ilror ot sdectcu t"c;c(:l'...r!c! trO\1 n 
in :It,iI tr<.ltCC \dtb htrmcr, oC I>ec· .. 
::en:: l,el~cltloritlc. J. _-!;r. Fo"d 
Cllw· •• 1, 3~!). 

1:hrenl.erc. A. S. C., :l.IId.. J. )f. S:,":I\JII. 
l!lj3. To.e ol,jc..:ti\& :\I'l"ro:lc.~1 to 
,ctu~rJ (CJb o{ /ooJ. J. Sci .. rood 
.Aj', to, 013:, , 

Felli,", }'. W., .:ll!\l H, n. mum. 1!,.J..1, 
J:cb'i'r f:'l:.tc 1·1.ICllc)" ue 'IoOI:1C kiSl(: 
food eQtlltilu~u(s :'hJ tllCJr (!.tlllt'"li­
liTt ant.! t'OIlII't'U'.iloC] .Jetiou. J..c».l 
}.ctrttrrl, 6, 1 ;~. 

Cir:uJ~!, N. l'., l>. n. PUPI'U, ",nJ R.. 

r 0 1 

6h.:\piro. l~:;:, $(oleeli'):. o~ ~enlor .. 
InlUlt l':'Iu..:h. ;""lJd 1"cc.\lIol C 
H~ " , 

C;ur.:ltl. }~. H., ~r. S, Au,,"!. "he! A. J .. 
.Aho::;u:. )!):;O:\. rkt·~.rr .... r.ce ir. ''''t . 

.. Inl jnJi,·:t1l1lls (I( ·!II:n.;t1 f'ui!1lJUI' 
o! ot!;o.~\Otr ~tui\y. J, ..1"1'1. 
l?r!jliol. 2. :;':;3. 

COc:[:.!, Y. 1: .. A .. J, _\hClh~, :.::.~ .1, G. 
1'.YIIC'. l!l:·Or,. Oec\lfrc:.:e In llnr. 
'd"l ;lhli\iJu.\1s lit diul:":.,,) t":.ri:ltion 
j,~ :'c:Ji:y of ttl~ s('n)1' 0: [:.~ r"r 
311.ttOo;C, I. i?pL }'It!"i .. :.1. 'l~. 

Gould. W. ,A .. , J. r. Slc(,l::l':~, r... \\'. 
mU~j, )[.. LY:'n, P_ I(r.::{:, J :., :111.1 
H. lJ. nrOWil. l~SI. Ft:.\c~ e~:I'I" 
ntiolls of C..:llwcd Itloi!1 ;":0 .... 1, -e .. 
L'lblc$ lri':ltcd. ,rilll r.-:\ r:: o:;:.\~,;,C'. 
il1 .. ("e~icic!cs .. jo'lJud Tul:.-.,;'. 5, 1:') .. 

Ibll, 1;. A ... :-L T:r~c:r. :\1.: J. c. ~~c.. 
Dc.n"ld. 1~51. ). n"~:hc.~ !:!~ S-:!.";:C'. 

In~ ll~\"N r.'ll,.cll:':':::lbc:s :,:0: ,!s ::;-0" 
flhc:thn:1 10 :. \'.·0 ~:.rl,y:;: '.::C:':;:I;;C 
t~st. l'o:?' rC,,-.'lIlD!. 3, n?~ 

Hinc!.c!irie. ~, l~~: . .A,::.:; :i:-C ~,~B' 
Il)fJ 1!::to;Ju'l!ch, J. Cae-.:e: :7. ;5 

flinreiJler. E., }'. }",ii:,C'I!-: •• ~ ... !J \':t<,~. 
:.nd }t. 'f, Bal. ISH:.. Z .. :':.:::.:i .... , 
ot tlltCS!IC;C: :':L~ l'l:f:::::.~'·' '!I'!"C' 
u:ec «l:~C~J\:I:\:;:;;' !;;: t· .. ~:';,,:·, ,~~:­

Ititueu:". r.! ,,'::.es. Hi. ?:_:: : .. ::. 
llot. i:1yce:-l,Il :1::: ::o:ic::r :~ "'!"::.J ... s 
sohllioas. Fo,>!. Tu;.nr>1. S, 351. 

lHmciuct, 1: .• }'. ::~J:;iJe!:Ii. H. \7. D::;:. 
~nc. A.. D. r,·e:'b. lS~:":. i:t:!.·. 
'Hio:: Ii! 1l';:('~1'~!c!1 iI.:!: :-:::..i:-:-va 
ciil!ercn:e (ca:"::.::-A:io::s {';~ •• :;'::,:, 
con)lit1.:c::~l 0: \\1I:('S. } \., :Oe:e;:: .. 
~1Jlc ,h.~(ref'.et! i:: ::.::C • . Fc,r: 
I(clmo!. S .. ;'59. 

JJllowitI, li .. D., a.': ~.!. 1. G:c:!-;-:.:.:_ 
l!)~~. Gt,slo·o!!z :tc:" ti :'::~:::s .', 
re1x~iol: h. ::~I:'e:ilt ; •. : ~ ~'_,:~: !:I·' 

J .. tiO;JS. J . .;I;:::: .. N .. :;,,':,!.~. :'i. 
JcL:at.):'I., J. W •. Jr, :I:C ~\ ?. ? '· ... 1 

l!HiO. O(!~:':;'\IC::l':Y lo'.~ t::~ ~::,.,:j .. 
clle:liC'.ll t!'ccry e~ e:!J:t:::. P";: .. 
Sd. Sa. :-0:':,,: Co.:,..: j:::::. ;~ . .; 

Joluu1(11l • .T. \\ ••• Jr., 2.11': ) ... ~!:2c-:l! 
)!\GO. O'[;:~.cle.':lc c:o:!'·.~ I:..! :, '" 
stc:tccbc:.::c.-d ::.::.~:: C'f ,"!..';:;'':';,-. 
Pro:. Sci. Sa. Ie,if! C;''':J .:.::::: 
33,3, 

l\:I,"'I'C'!J, J. ).~., :\ •. d F. S, :?i:L::.:". 1£-.5':) 
Ir,lcr~cI:o'\ of t:'1~C ,\'::01::":\. --! R 

Phi- 'II ,," #!":" ,,;.J.. " ... --'";,, _ ..., 'R' _ 
K:::!lcndl .. )', J., ""!' ...... oJ. ~ '.1>"- . 

)93S. it e c:::e:: c~ .:I_::"J~':: '-i;;"; 
L!.u: llc.r(t:,~J i-.':::.i:r .. ~ =::: :I:'~ 
bittcr. ,..{!-•• }'s:;_".~:,:,,;iJ( :;. i.."-: 

!.: .&r~ •• itc FI::";~:~I~';:~! ;~:~~~ ~;~ _ \~~:;. 
.A~p<:<:h c! 'i"~s~e .. ,:.:: ~··"'::;-~·.!.:i 
c( CL:~;\;" l'ol's,. C::i(:i:~. 

1\:i:YI":\\.ri.~~,. ): .. 1:, • .;, c. l_~ :~.::: :". 
J):.wsor., ,A::d J. X. ti .. c::.. ;;'5:. ;;';: 
te('tio:J C'! :; I .... :;::: ~.:'I::.d f;' c:~.:>.! 
::.tiut: the (,_=.1.:y o~ flre:C!;:: =:' ... 
Poo:! r(C:.:::>~ 11, 3 .. 

Kol~~hc,(,:\f, h H. l~~G 'i::~~~ r.:.):--;: 
!ro:.~n f'IC;:l coo;.cl.! br'l,ott :.:.': :!:.::: 
lh~\l'ln;. J, .a 1""., !lIe""" ->-,;:-;. ~~. 
H-l, 

I 
\ 

I 

KrJ:lIc(, A ... :.::c n. J .. 1\\:;;: !nC::. 
"l-'ur:.u.:zm'::l,t""l, o! Q<l.t:I':: c.:.::~·'";1 
for t1,c l'r.c.J !r.JI:"~'~." j l~:;. I.(, 
Ayi Pu1..ti,!;illt: w., ,,"(.:Ilr:.::' Con· f..... ~ 
.ccl;,.,,' .b $ 

)'bc.lct.l', A. l~.5S, Di .. -:ctnnJl tI~ o~ ~.n9J- V 
scLsbLrCC" !'Il ::.:;(c:,,11 L..- le,tlU • .:;; 
JUcchulu. J-·ovt! J;c~;;ct(/o. :!, ~:...!. ~, 

)[l&d:~T, A. 0 .. , :\I"! 1'. J":t(l !:j{ , .. ~ 
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EXPANDED STATISTICAL TAOLES fOR ESTIMATING SIGNlf'ICr,NCE 

IN PflIRED-PHEFERENCE, PAIRED-DIFFERENCE, DUO-TRIO AND­
TRIANGLE TESTS 

l 
c.8. RO£SSL£:R, R. M. PANGBORN,J. L. SIDa .nd H. STOtiE 

AllSTRACT -------
Two so:l~ o( cip.tndcd t.blcs h.1\-e lIcen compiled (or uSC: in dClcnninin& 
li,:.nili~lh.c in ['l.llrcd.clr((rc.n .. "C ;)nd triln,ic tesls (one·talled) J..,,j in 
rlircd'!Hc(cfcn .. -e [eus (t ..... o·llilcd). One set of llbtu lbLs the nUI,bc:r 
or Ct,'t':":{ 'C:lpons.c.s (or :I£lceint judr.ntcnts) for 'rbb rl:lt:lOS (rom 

7-IGO, ~L P c:: 0.05, O.M, 0.03, 002.0.01,0.005 3nd 0.00t. Thc1<! 
I .. bh.s are C'Omcllicllt (oc.t quid.:. (.1Io1i01:11e of signific.ulce of I..!lJor,uor)" 
sc.,)ory cUlJ .1$ v.cl( .11 consumer IcsP'Jnses. The sc .... ond sct o{ c.bles 
ti\'t'l th~ fI:ub.lblulie.s of obtlinint; :r. ,h"Cn number of COHect (or 
l&fcci:"Ir.) jL:Clmcnh: in HUts unsin, (,om 5-50. l"1-.es: piobJblhlY u.~ 
blcs r-to~idc ~ mute PfCl;hc es'im~te or \it;ni(jc.'ln~(. which m.y t;.c 
nc\'dcu in mure critiul 'CSCJfch Of in mJkins I!cci,ions or considcr .Jl,lc: 
imrx.nl:lt1O:. Some:. ex:tmplcs .lee ,hen, wilh &uit.ltlincs COt the ?tI.)I1C:C 
usc or these I.bles ad the interptetl.lion of sigt1ifi":Jncc bJ$Cd upon 
them. 

TARLI!S uSl!d to determinl! :.i~nificOlncc in discrimin.ltiun and' 
pre(ccl.!ncc t~~ts u:u:!.IIy indicate the: numbt:r of judgments re­
quited ;1 only three lc'o'c1s of .si&niriciilncc, i.e .• the 5%. 1% .Jnu 
0.1% I<<<b (I:o.,;lc( ot .1., 1948, 1956). Stone ond SiJd 
(1978) hOlye pointed out [hI! inC'on~istencies in the ~r.trics in 
.ubm;ucnt t.ble, of thi< type (Amuinc ct .1.,1965; I.,,,,;ond, 

. '.) 1970; Stahl .. ncl Einstein. 19"1:3). Since lhe$~ tables dppCJC tt> 
hive been constructe..! u~i:1& differc:.nt critc:.ri3, it is recom .. K 
nlenJco Ih.J.t c,:act prublbililJe~ be ot>lJincd ((oJot (.1bles of the 
ctl.nulalj-.,'e binomial probJbllily distribution, ('Ir in thl! event 
rh;1,l such lJ.ble:s 1te not avaibble:. that .lppro:cimlte p·rcuJbili .. 
tics be computed using the normal CUlve. TIltS procctlu:c 
1c:J.vc'i n.o tlo:,ut a~ to the: true" prob.lbtHty. To be:: ulmusr sitnifi· 
c:mt OJt 1 ("crtai:'l pro!Jauilily It;vd is not the same ;IS bl!ing 
~i&niiic~lll Jt that leveL A..'isurancc of si&nificJnce of the 
occurrence of ~n ,,-ent at J. pOI:rtkular level of a r~'luircs t!l3.t X­
thl! prob;uiJily o( the ..:vc:.nt oc.:urrinc is cq'JJl to or k~s th.ln 
a. We «nnot coneu( with Boskor (1976) th"t his cont,ivou 
t3bles of prob~bllity for lriang!e testing by in.Jivic.lu:z1 jl\clg"::i 
uc a. S3lisf,;,ctcry lpproxim;ltion which CJn be usctl ~~instclu or 
ul\widdy (",bles oC C"<..lct si£nificancc kvc:.1s. H • 

Since many im'eHiC.:l.tors prde( • .:I.lld will ~ontimJt: to U::.t:. 
tables giving th\! number of Jcdgntents required for si~nif1clncc 
a.t v:uiolls !c .. c::Is, it is <!I!sir.aolc to have t.lbh:s ''\'ith n1UfC Ih;ro 
three prob:lbility Ic .. c:Is. Othetwise. ct)nclu!lions m"y ~l~rC'&Jrd 
YOIlu:lble inl\:rnution. Fur cX;lmplc. in 46 lri;rts of :10 tri:ln,l~ 
test. 22 (Offcct judbnlC:·n1.~ ;rre rcquin:d (or )i&ntricanct;:at p < 
O.OS. Howeycr. :22 corrc...::' Juuy,lUcnls .tre .also signific-lnt.J.t p <. 
0.03 ...... hich rc:prc .. cnts consid\!t"bty better p"rform.ince .J.nt.l 
will he O\'«::r!oo!cl:d with t.lbtcs K:iving only the usu:lllhn:c h,:vds 
of p < 0.05, 0.01, .nJ 0.001. 
T!l;hte~ for correct jud~mel\[$ 

TJbh: 1 gives the nun~bcr$ or ~orrc:.ct ju,!gnlcnt .. required 
(or sj&l1irlc~nl.:c: in thl! p;rirc:c.I .. di((et.:ncc :1II1c.1 duo·trio tcst:\. 

) A:Jthor RO~tler it with tI:t: ;;;;. of M;,the"'~ria. U:". of C;"'O((lI~~ 
OIY,'I, CA S5618. AVlllor P.tnaOofn il with til" O~Pt. 01 Fond Srl'Met! 

& Ttchnalo;y. IllIil. 01 C~lilu'fl;J, D'~il, CA 95616. Aulhofl Sidtf .nd 
St:1n~ .,,., .... ith T"~(Jn Corp •• P.ll) Alto. CA 94302. 

TJl:Ile I-Mifllmum numbers 01 CO/lecr ;udgmcnrr to c.t ,,,'/ h J. 

nilie"fI~c "t YUi::Jf./$ ,r.ro!;~b"dy it:yelz (or p:JI,cd-ddfercl"C": ,JraJ,J", 

tt/a l~Hs (otlc·r~"cd, p '" :hI" 

No. of -
lriOlh (n) • 0 05 0 04 

7 7 
8 7 
9 6 

,0 9 

" 9 
12 '0 
13 10 
14 11 
15 , 2 

'6 12 
17 13 

'8 IJ 
\9 14 
20 \5 
21 15 
22 16 
23 10 
24 17 
25 13 
26 13 
27 ·1!,) 
28 '9 
29 20 
30 2:) 
31 21 
32 22 
JJ 22 
J' 2J 
35 :21 
JI) '24 
37 2< 
J8 2S 
:;9 2G 
40 . 26 
~1 27 
42 27 
43 28 
44 2e 
45 29 
<6 JO 
47 JO 
48 Jl 
<~ J 1 
$J 32 
GO J7 
70 43 
Sa .a 
90 5~ 

100 51) 

7 
7 
8 
9 
9 

10 
11 
11 
12 

'12 
IJ 
14 
\. 
\S 
15 
16 
17 
17 
\8 
18 
19 
20 
20 
21 .1 
22 
23 
23 
2' 
24 
25 
2S 
26 
27 
27 
28 
:18 
29 
29 
JO 
!~ 
Jl 
J2 • 
J2 
J8 
4J 
<9 
54 
60 

o OJ 0.02 001 0 co~ 

7 7 7 
6 6 6 8 
6 a 9 9 
9 9 10 10 

10 10 10 11 
10 10 11 11 

11 11 12 \ 2 
11 12 12 13 
12 12 13 13 
IJ lJ 14 t< 
13 14. 14 IS 
t4 1~ 15 15 
15 15 15 16 
\5 \6 \6 17 
16 16 17 17 
16 17 17 13 

·17 17 18 19 
18 18 19 19 
16 19 ~9 ~o 

19 i9 20 20 
19 20 20 21 
::0 :J ~1 22 

'2 t 21 22 22 

2' 22 22 23 
22 22 23 :-.: 
22 ,3 2·1 2.; 
23 23 44 2S 
23 24 25 25 
24 2S 25 26 
25 75 26 21 

25 26 76 27 
26 :; '17 1£! 
26 27 28 28 
27 21 ~!3 ~g 

27 28 ,~ 30 

26 29 29 30 
29 ~9 :10 :11 

29 30 Jl JI 
30 3D Jl ,:," 11 
JO Jl J2 JJ 
J\ J\ 32 Jl 
31 .)2 JJ 34 

J2 J3 3-1 J4 
JJ JJ 34 JS 
JB 3~ '-:'0 .1 
':4 4S 46 017 
49 ~o 5 1 ~2 

5S ~G 57 ~3 
GO 61 (jJ (i-I 

._-, 
o t;'i: 

10 

;z 
1 J 
1 J 

'" I; 
IG 
Ie 
17 
13 
·8 
I~ 

2J ' 
;0 
21 

"' '::1 
lJ 
21 
21 

"' ;6 
70 
21 
27 
n 
n 
7~ 

JO 
:J 

l/. 
12 
11 

01 
GG 

• V;,lvcs IX) nor ~ppe;'tlng In lo:.lJle Irs.'\' ,-c IICII .. ~d It,)f\' 

X • (:.;n i It • 1112. $(e Il':xr. 

I -----------.----------
UU22·11<7 /7~/OOOl·n')<~IO!.2S!O 

t) t 7711 Jmtitulc Clot rClo'JoJ T<dlnulnf;I"U 

'nll!SC: ;Jre un..:·t.JilC'u k\(s J~ only ()U\! n::'rull;o,~ i'i ";.,)11;':1, ;1'1-
1 

I . 

a III (AIIlt'rine cl .11., t'JIi~), T~LI..: ~ :;i·II..· ... Ih,: ,.,11\0' i.nrt)III:,~II;·: 
fot th..: Iri,cI1c,le t..:!\t ..... hi .... h i) VII(·t~Ii ... ·oJ with Jl:; 1/.): f.lh ... 

I· 
ii..' .. , 

-_._----------- for 's"'; in p.lir,.-L1 ph·~ ... nIJlioJn [ur pr~r..:r'::lh"": wlud\ t' . 
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2-Mmillumt nufUbe/J DI ,OJlt:t;C ivdg~f'lU to c:s'.t!Jlish ~,;. 
ttif,C:JIICI It r~rious proO,bility 1~.,clJ fur the' lIi~t1;f~ I:SI lon~. 
( .. iltd. p .. I /3)~ .-.. _---------
No. 01 ... ___ .. ----------------

\rioldnl 0 as O.~ O.Ol 0.02 0.0\ O,OOS 0.001 '. 

5--~"- -~--S-5_:_--5---5-·--

6 $ $ $ $ 66 
7 5 6· 6 6 6 7 
8 '6 6 6 /; 7 1 
9 G 7 7 7 7 8. 

10 7 7 7 7 8 8 
11 , 7 8 B B 9 
12 8 8 8 B 9 9 
13 8 8 9 9 9 10 
1~ 9 9 9 9 10 10 
15 9 9 10 10 10 \I 
16 9 10 10 10 II 11 
17 .10 10 10 11 11 12 

.18 ')0 1111 11 1212 
19 \1' 11 1\ 12 12 13 
20 ,1 11 12 12 13 13 
21 12 12 12 13 13 I~ 
22 12 12 13 13 14 14 
23 12 13 13 13 14 15 
24 13 13 13 14 15 IS 
25 13 14 14 14 15 16 
26 14 I~ I~ IS 15 16 
27 14 14 15 15 15 17 
28 15 IS 15 16 16 17 
29 15 IS 16 15 17 17 

·30 ·15 16 16 IS 17 18 
31 \6 16 16 17 18 18 
32 16 16 11 17 18 19 
33 Ii 11 17 18 18 19 
34 17 11 JS tS 19. 20 
35 17 IS. 18 19 19 2V 
36 18 18 18 19 20 20 

.37 Ie 18 19 19 20 .21 
39 19 19 19 20 2\ '21 
39 19 19 20 20 21 22 
1,0 19 20 20 21 21 22 
41 • 20 20 20 21 22 23 
42 20 20 21 21 22 2J 
43 20 21' 21 22 23 N 
44 2\ 21 22 22 23 24 
45 21 22 22 23 24 2' 
45 22 22 n 23 24 25 
47 n 22 23 23 24 25 
<3 22 23 23 24 25 76 <. 23 23 24 24 25 26 
5:J 23 24 24 25 26 26 
ro 27 27 25 29 30 31 
70 3 I 31 32 33 34 35 
EO 35 35 36 35 38 .9 
SO 33 39 (0 40 (2 43 

100 <2 43 43 44 (5 47 

7 
8 
8 

'9 
10 
10 
II 

'11 
12 
12 
13 
13 
14 
14 
IS 
15 
16 
16 . 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
22 
23 
23 
24 
24 
25 
25 
26 
26 
27 
:/7 
<7 
28. 
28 
33 
31 
41 
45 
49 

I. V.lues (Xl nOI a;Jpe.Hing in Il::'l~ may be dt:h-cc! Itom: 

X" O.tj71~:z: $+ ((2n. + JIIS). See text. 

h:\;::d (a~ either sJmph: may c: preferred) and fI = Y: (hnlcrine 
ct a1., 1 fJ65). rOf numb.:rs or trills not sho· .. ·n in the (:a:htcs, 
mlll1b~rs or ceq uirc:d jlllJtl11cnts nlJi' be oblJi:.:d from l~blcs 
o'{ th~ c:umufJ{jvc: binClnliJl probJuililic:s or, cxccH:nt app.oxi· 
OlJli1m" m3Y be CO"'11Utc:tl from lhe: lollo .... ing rorrnlll:u: 

T3bl':1 1 and 3: X • (1 ,r;:: + n 't 1)/2 

T,b1, 1: X· O,4117'..rn', ((In t jlJ~1 

\ 

T~bl • .J-I,f'f'I,mum n"'mO~:: 01 J9r~nn> ,vc.;-o< ..... r,";-: ••. I', • ..; c. 
16blifh lignif;t:~n~ •• ' ".,ioul prC!b,Jbjilty fe¥f:/r lor tl'l~ p~i"rJ'pr~/~" 
en(~ ful (lwo·/.2ifed. p • X) .. 

PrOh~blh~y levth No •• r __________ ~--•• -_ 
ttills (nJ • 0.05 O.O.f 

7 
·8 
9 

10 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
:lO 
31 
32 
33 
34 
35 
35 
37 
38 
29 
40 
41 
<2 
43 
44 
45 
45 
47 
48 
49 
60 
ro 
70 
eo 
90 

100 

7 
8 
8 
9 

10 
10 
11 
12 
12 
.13 
13 
14 
IS 
15 
16 
17 
11 
18 
18 
19' 
20· 
20 
21 
21 
22 
23 
23 
24 
24 
25 
25 
26 
27 
27 
28 . 
28 
29 
29 
30 
31 
31 
32 
32 
33 
39 
44 
SO 
55 
61 

, 
'8 

8 
9 

10 
10 
11 
12 ' 
12 
13 
14 
14 
15 
16 
16 
17 
17 
18 
19 
19 
20 
20 
21 
22 
12 
23 
23 
24 
25 
25 
26 
'26 
27 
27 ' 
28 

• 29 
29 
30 
30 
31 
31 
31 
33 
33 
39 
45 
50 
58 
61 

0,03 0.02 001 0.005 0001 

7 
.8 
9 
9 

10 
11 
11 
12 
13 
13 
14 
15 
15 
16 
16 
17 
18 
18 
19 
19 
20 
21 
21 
22 
22 
2J 
24 
24 
2S 
25 
20 
27 
27 

.28 
2B 
29 
30 
30 
31 
31 
J2 
J2 
33 
3' 
39 
45 
51 
56 
62 

7 
8 

. 9 
10 
\0 
11 
12, 
12 
13 
14 
H 
15 
15 
16 
17 
17 
18 
19 
19 
20 
20 
21 
22 
22 
'23 
23 
'24 
25 
25 
26 
26 
27 
28 
28 
29 
29 
30 
30 
31 
32 
31 
33 
3' 
34 
<0 
46 
51 
57 
63 

e 
9 

10 
11 
11 
12 
Il 
,3 
\4 
15 
IS 
'6 
17 
17 
,a 
IS 
19 
23 
20 
21 
22 
22 
23 
2' 
2. ,5 
2; 
20 
21 
U 
Ie 
22 ,.. 
30 
2' 
3\ 
II 
n 
jJ 

33 
~ 
3< 
35 
41 

" 52 
53 
E< 

9 
10 
11 
12 
12 
13 
I( 

14 
IS 
16 
16 
17 
18 
18 
19 
20 
20 
21 
22 
22 
23 
2< 
24 
25 
25 
2G 
27 
17 
28' 
29 
29 
30 
Ja 
31 
32 
32 
33 
33 
3' 
35 
35 
36 
42 4. 
53 
59 
6\ 

11 
12 
13 ,. 
14 
15 
16 
17 
17 
IS 
19 . 
19 
20 
21 
21 
22 
23 
23 
2' 
25 
25 
2G 
27 
27 
25 
29 
2; 
JO 
31 
JI' 

J2 
37 
JJ 
J' 
3' 
35 
3. 
35 
)7 
37 

" ~3 

5\ 
61 
67 

.. V.lues (x) not liJP'.(lng in ta~lt r.~r ~e derivt~ f'o~ 

X" (l..;n + n + 1Jn. ~t un. 

• 

where n is the: number or trials, and tt.! r1i:1:mllr:1 rall:1~:' o.t 
correct (:lr.ccc1ng) judF,mcnls is X, if X:s ;'I \\-hulc nm:IO:!, c· 
the next hi'=.hc:r intcher if X is not l w!::!: r:ui.lh.;r, ar.d ,\~:::: 
lis l,ken f~om the following 13ble. 

____________________ ~-V:.~I~u:'<~O:!,l~~~~:::~~; .... 
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338 Sensory Evaluation Techniques 1 
TABLE T7 

Triangle Test for Difference: Critical Number (Minimum) of Correct Answers 1 
Enlnes ate,the minimum number of correct responses required for significance at the ~Ialcd 1>lgnificancc 
le'o'el h.e .. column) fur the cOlTC'r'(mchn~ number of respondents "0" (I.C., row) Reject the Olssumpllon 
01 'n'loJ . ~ .. ' ' ,", .. . ': responses IS gre.ner than or equal 10 the IJblcd ... ..tltle I. 

Significantt le-vcl (%) Significance level (%) 

n 10 5 0.1 n 10 5 0.1 

3 3 3 16 13 14 IS 17 1 , 4 4 27 13 14 16 18 
5 4 4 5 18 14 15 16 13 

=. ;. . ; 19 
.lU 14 I; I· 19 1 

6 5 5 6 31 15 16 18 20 
·7 5 5 6 7 32 IS 16 18 20 
8 5 6 7 8 33 15 17 IS 21 1 
9 6 6 7 8 34 16 17 1') 21 

10 6 7 8 9 35 16 17 I') 22 

II 7 7 8 10 36 17 18 20 22 1 
12 7 8 9 10 42 19 20 22 25 
13 8 8 9 II 48 21 22 25 27 
I' 8 9 10 II 54 23 25 27 J[) 
15 8 9 10 12 60 26 27 )0 33 1 
16 9 9 II 12 66 28 29 32 35 

17 9 10 II 13 7l 30 32 34 38 
18 10 10 12 13 78 32 34 37 40 
19 10 II 12 14 84 35 36 39 43 1 
20 10 II 13 14 90 37 33 42 45 

96 39 4[ 44 48 

21 II 12 13 15 
22 II 12 14 15 1 
13 12 12 14 16 
Z4 12 13 15 16 
2S 12 13 ·15 17 1 

NOl~. For value!> of n not an the I:lblc ",onlpUle z = (k - ('/J)n}/VeJ~)n. where k is the number of correct 
answers. Compare the computed v.due of z to the cnllcal vollue.: of a ,(.mdard noml.J1 nmdum varlolble. 
i e .. the values in the last row of Table T4 (l" = t" .). 1 

1 
I 
I 
I 



) 

I: 
I 

~ 

I~ 

I 

I 
I 
I 
I 

13 
18 

~'~.I~!!III. __ ... 

Statistical Tabl .. 339 

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

Difference: Critical Number (Minimum) of Correct Answers 

Entries are lbc rnUliraum numbc:r of corr«t tespomes rc:quired (OT significance at the slated 5igmr~ancc 

level (i.e .• column) for the cOCTeSpondmg number Qf respondents "n" (i.e. row). Reject the'aSsumption 
of "no difference" if the number of COC'Tett responses is greater than or equal to the tabled value 

Silnlncanct level (%) Significance level (%) 

n 10 5 I 0.1 n 10 5 I 0.1 

4 4 31 20 21 23 25 
5 S S 31 21 22 24 26 

33 21 22 24 26 
6 6 6 34 22 23 25 :i 
7 6 7 7 35 22 23 25 27 
S 7 7 8 
9 7 8 9 36 23 24 26 28 

10 8 9 10 10 40 2S 26 28 31 
44 27 28 . 31 33 

II 9 9 10 11 48 29 31 33 36 
12 9 10 II 12 51 32 33 35 38 
13 10 10 12 13 
I" 10 II 12 13 56 34 3S 3" 40 
IS 11 12 13 14 60 36 37 4(} 43 

64 38 40 42 45 
I" 12 12 )4 IS 68 40 42 45 4" 
17 12 13 14 16 72 42 44 47 SO 
18 13 13 15 16 
19 13 14 IS 17 76 45 46 49 52 
20 14 IS 16 18 80 47 48 51 55 
21 14 15 17 18 84 4'J 51 ,. 57 
22 IS 16 17 19 8X SI 53 SCI '" 23 16 16 18 20 92 53 55 58 62 
24 16 17 19 20 
2S 17 18 19 21 96 55 57 60 64 

100 57 59 63 66 

26 17 18 20 22 
27 18 19 ·20 22 
28 18 19 21 23 
29 19 20 22 24 
30 20 20 22 24 

Nole; FQr values uf n not iti the table compute 7. = (k - 0.5 0)/'1'0.25 n. where k I!. the number of 
com:ct an\wcrs. Cumpare the computed v:lluc of 7. to the: cnuc:t1 v.aluc oC a st.md..lrd nonnoli r:lndQm 
vanable. I.~ • the: vulue" III lhe I~t row of Table T4 (.t .. '" I" .). 

• 
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340 Sensory Evaluation Techniques 

TABLET9 ,"'.-, I 
Two-Sided Paired Comparison Test for Difference: Critical Number 

(Minimum) of Correct Answers 

Enuies .Ire t~~ mlnll'l"um "lI'mt'(r of ,:"r-...-:I :,:."",.,,,,:. r .. ,:ul(.',1 .. r .,,·j,',m.': .. u lhe s~h::d )1::n!I.~.,r. ... 

:: .~ t I .~ "f.o' 

-( , 
\ 

level (l.c: •• cOlumn) lor the comspoooani numo.=t 01 l'e>punrJc:ntl> "n .. 1I.C:., row}. Reject the assumpuo" 
of "no difference" if lhe number of correct responses is gre.ucr than or equal (0 the tabled value. 

SJgntncance levI!! (~) Signlfirane@ level (%) 

n 10 5 I 0.1 n 10 5 0.1 

5 5 31 21 22 24 25 

'.' j 
I ~ , , 

,.. ~ 
'f I 

J~ :=.1 24 :!h 
6 6 0 JJ 23 25 27 
7 7 7 J4 23 24 25 27 
8 7 8 8 35 23 24 26 28 
9 8 8 9 I 

10 9 9 10 36 24 25 27 29 
40 26 27 29 31 

~ II 9 10 II II 44 28 29 31 34 
12 10 10 II 12 48 31 32 34 36 

{ 13 10 II 12 13 52 33 34 36 39 

I 
• 14 II 12 13 I. 

15 12 12 13 14 I 
16 12 13 14 15 56 3S 36 39 41 
17 13 13 IS 16 60 37 39 41 44 
18 13 14 IS 17 64 40 41 43 46 
19 14 15 16 17 68 42 43 46 48 I 
20 IS IS 17 18 72 44 45 48 51 

21 15 16 17 19 76 46 48 50 53 
22 16 17 18 19 80 48 50 52 S6 I 
23 16 17 19 20 84 SI 52 SS 58 
24 17 18 19 21 88 53 54 57 60 

25 18 18 20 21 92 55 56 S9 6J 
96 51 59 ~2 6S 

26 18 19 20 22 100 59 61 64 67 I 
27 19 20 21 23 
2H 19 20 22 23 
29 20 21 22 24 
3D 20 21 23 25 I 

Nntl!' For values of n nOI In the table compute z _ (k - 0.5 nII'V~. where k is me number of 
cnrreCI ..tnswers. Comp;are the computed v.duc 01 z to the entlcal value of Ol standard normal r:mdom 

variable. I.e •• the values In Ihe 1;lS1 row in Table T4(z., ." t •• ). I 
I 
I 
I 

',I. 
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TABLE TIO 
Two-out-oC-Five Test Cor Difference: Critical Numbe, (Minimum) oC Correct 

Answers 

Emnes are the mmimum number of correct responses requited for sigmficance at the staled significance 
lc\cl (I e • column) for lh..- ;(,!""'esPOln.!::~ nllm')~·r. f~:! "'''::-:1- , : .. \1,') R. c .. ~ :h~ ·· .. ·J ... t':lc' 
of "no difference" If the nUIIlIXr o[ .. um:Cl rc'v..'h:-;) l~ ~n::.l1!.r ih.m ,.,r ':I.._.J.I I • me :JO • ..:u ..... ".: 

Significance le"el (%) Significance Ie .. el ('7e-) 

n 10 5 0.1 n 10 S 1 0.1 

2 Z 2 2 .l6 7 8 9 11 
3 Z 2 3 3 37 7 8 9 11 
4 2 3 3 4 38 7 8 10 11 
5 2 3 3 4 3' 7 8 10 12 

40 7 8 10 12 
6 J 3 4 5 
7 3 3 4 5 41 8 8 10 12 
8 1 3 4 5 42 8 9 to 12 
9 3 4 4 5 43 8 9 10 12 

10 J 4 5 6 44 8 9 II 12 
45 8 9 11 13 

11 3 4 5 6 
12 4 4 5 6 46 8 9 11 13 
13 4 4 5 6 47 8 9 11 13 
14 4 4 5 7 48 9 9 11 13 
IS 4 5 6 7 49 9 \0 11 13 

SO 9 10 11 14 
16 4 5 6 7 
17 4 5 6 7 51 9 10 12 14 
18 4 5 6 g 52 9 10 12 14 
19 5 5 6 8 53 9 10 12 14 
20 5 5 7 8 54 9 10 12 14 

55 9 10 12 14 
21 5 6 7 8 

I 
21 5 6 7 8 56 10 \0 12 14 
Z3 5 6 7 9 57 \0 11 12 15 
Z4 5 6 7 9 58 \0 11 13 IS 
Z5 5 6 7 9 59 10 11 13 IS 

I 
60 10 11 13 IS 

26 6 6 8 9' 
Z7 6 6 8 9 70 11 12 14 17 
28 6 7 8 10 80 13 14 16 18 
Z9 6 7 8 10 90 14 IS 17 20 

I 30 6 7 8 10 100 15 16 19 21 

31 6 7 8 10 
32 6 7 9 10 

I 33 7 7 9 11 • 
34 7 7 9 II 
3S 7 i 9 II 

I Nou: For values of n noc in the table compute z = (k - 0.1 n)lVO 09 n. where k is the number of 
correct answers. Compare the computed value of z to the critical .. alue of a standard nonnal random 
vanable. I.e., the mues m the last row In Table T4{z. = I. ,,). 

I 
I 
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342 Sensory Evaluation Tec/In/ques 

I TABLE Til <l.-

Triangle Test for Similarity: Critical Number (Maximum) of Correct Answers 
i 
I I Accept the null hypothesIs of no difference with 100(1 - 13)% confidence If the number of COrlett responses 

u leN than oc c:quallO lbc numtx:r in tbe table that cQrresponds to the sp-r: .. 1\::,1 \alu.:s of n. P. and Pol- where 
p. 15 the proportion of the population that can disungulSh the S::tmples 

?, p, I 
n Jl 0.15 0.211 0.25 0.30 n II 0.15 O.lU 0.25 0.30 

18 0.001 45 0.001 I 0.01 0.01 15 
0.05 0.05 15 16 n 
0.10 6 0.10 16 17 19 

21 0.001 48 0.001 I 0.01 0.01 17 
• 0.05 0.05 16 17 19 
0.10 7 7 0.10 17 19 20 

I 14 0.001 51 0.001 
0.01 0.01 18 
0.05 8 0.05 17 19 20 

I 0.10 8 9 0.10 17 18 20 22 

27' 0.001 54 0.001 
om 0.01 1& 19 

I O.OS 9 0.05 18 20 22 
0.10 9 10 0.10 18 20 21 23 

30 0.001 57 0.001 
0.01 0.01 I. 21 I 0.05 to 11 0.05 19 21 23 
0.10 10 10 II II,IIl ;9 :t 23 25 

33 0.001 60 0.001 I 0.01 0.01 20 22 
0.05 II 12 0.05 21 23 25 
0.10 II 12 13 0.10 20 22 24 26 

36 0.001 66 0.001 22 I 0.01 0.01 2) 25 
0.05 12 13 0.05 23 25 28 
0.10 12 13 14 0.10 22- 25 27 29 

I 3. 0.001 72 0.001 24 
0.01 13 0.01 25 2K 
O.Os 13 IS 0.05 26 2. )0 

I 0.10 13 15 16 0.10 25 2' 311 J2 

42 0.001 78 0.001 27 
0.01 I. 0.01 2K JU 
0.05 15 16 0.05 26 2K 31 33 I 0.10 14 16 17 0.10 21 30 32 35 

Not~: For values of n nOt In the table calculate: the 100{1 - I!)% upper one-tailed confidence IhleN",1 -
(1.5(xln) - 0 5) + (I 5)", \I(n. x!)/n). where x IS the number of correct an:!owcrs from the \tudy. I n IS the number of respomJento;. and III IS the uppcr-jl ChllC:ll value of a sltandOltd norm31 deVIate_ It 
may be concluded with 10.)(1 - P)% confidcnc~ that the: true {'InlponlOn of dlSlIngul .. hcr. in Ihe 
populatIOn IS not s.rcaler than the calculated value_ To find ~ u!tC Ihe la~t row ufTOlible T4 ... ub .. tltulln-g 
a for ,,_ I 

- I I' , 
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TABLE TI2 
Duo-Trio Test for Similarity or Two-Sided Paired Comparison Test for 

Similarity: Critical Number (.\1aximuml of Correct Answers 

Accept the null hypotheSIS of no difference \o\ith 100' I - ~)t;;; confidence If the number of correct responses 
1<; 1 ..... , .... -- . . h ~ -I."~ m the ·.·.,1: that c(lrr~q .. (..,...!~ .~' th~ spe'Hied \:lluo" (" n. a . .1:;d p~. "'Rere 
PG 1~ tn~ prop.>nl0:; ot In.: p...pulautln that .:an dlsungUish the s:I...";lpies 

p, p, 

n ~ 0.15 0.20 0.25 0.30 n ~ 0.15 0.20 0.25 0.30 

24 0.001 56 0.001 
0.01 0.01 

Ii 0.05 0.05 28 29 
0.10 12 0.10 28 29 31 

I 
28 0.001 60 0.001 , 

II 0.01 0.01 
0.05 0.05 30 32 
0.10 14 0.10 30 32 33 

11 
32 0.001 64 0.001 

0.01 0.01 32 
0.05 0.05 33 34 

1·1 
0.10 16 0.10 32 34 36 

36 0.001 68 0.001 
0.01 0.01 34 , 
0.05 18 0.05 3S 37 

I 
0.10 18 19 0.10 3S 36 38 

40 0.001 72 0.001 
0.01 0.01 36 

I 
0.05 20 0.05 37 39 
0.10 20 21 0.10 37 39 41 

... 0.001 76 0.001 

I 
0.01 0.01 39 
0.05 22 0.05 38 40 41 
0.10 22 24 0.10 39 41 43 

48 0.001 80 0.001 

I 0.01 0.01 41 
0.05 2S 0.05 40 42 44 
0.10 25 26 0.10 41 43 46 

I 52 0.001 84 0.001 -. 
0.01 om 43 
0.05 26 27 0.05 42 44 46 

0.10 26 27 28 0.10 44 46 48 

I Note. For values of n not In the table calculate the 100( 1 - f:!)~ upper one-tailed confidence interval -
(2(x/n) - 1) + (2).,V(nx x:)/n), Vlhere x IS the number of correct ans\l.crs from the study. n IS 

I 
the number of respondents. and z., is the upper-Il critical \aJuc of a sWKWd normal deviate. It may 
be concluded with 100(1 - 13)% confidence that the true proportIon of distmguisbe~ in the populalion 
IS not great~t than the caJculaled vaJue. To find Za use the last row of Table T4. subsuluung a for 
~. 

I 

~ 
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LABORATORIO No.3 

ANALISIS DESCRIPTIVO 

OBJETIVO 

Demostrar las etapas incluidas en el amllisis descriptivo de un producto 
alimentario: seleccion y entrenamiento de panelistas, desarrollo 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 
- Estandares para definir terminos 
- Boletas 

PROCEDIMIENTO 

1. EI instructor dara informacion general sobre el producto a evaluarse 

2. 

3. 

4. 

5. 

EI estudiante evaluara las muestras provefdas e identificara terminos que 
caractencen el producto en cuanto a apariencia, sabor y textura. Un termino 
de apariencia, 2 de sabor y 3 de texturaa seran suficlentes en esta practica. 

Cuatro subgrupos seran formados. Un miembro de cada subgrupo recogera la 
inforinacion generada p~r los 5 miembros y hara un listado, tratando de eliminar 
terminos que sean redundantes. 

Una discusion general sera lIevada a cabo, donde el encargado de la practica: 

a. Pedira a los Ifderes de los subgrupos el listado de los atributos 
sugeridos para ordenarlos en seciJencia logica en la 
pizarra. 
b. Discutira con los participantes, que terminos son independientes y 
cuales son redundantes (que describen la misma 
caracterfstica) . 
c. Obtendra un consenso general de 'los terminos descriptivos 
desarrollados para este grupo de productos. 

EI grupo y el instructor decidiran que parametros deben med,rse en las escalas 
lineales no estructuradas y seleccionaran los terminos que indiquen el Jnicio y 
final de cada escala. Adicionalmente se podfiln utilizar escalas con el metodo 
"Spectrum", donde el evaluador escribe el numero que indica la intensidad 

I 
I 
I 
I 
I 
I 
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percibida. 

6. Ejemplo de productos 0 materiales a usarse como estadares para ejemplificar 
los puntos finales de algunas escalas, seran presentadas y definiciones de cada 
termino seran dadas. {En situaci6n real, los panelistas deben volver a evaluar 
las muestras presentadas auxiliandose de los estanderes para eomprender el 
sig,nificado de los terminos. 

7. Cada estudiante evaluara las muestras y deseribira la intensidad en las esealas 
desarrolladas en el punto 5, utilizando la boleta disefiada para.ello. Discusiones 
de grupo seran lIevadas a cabo para definir terminos, eliminar terminos 
redundantes, y lograr mas homogeneidad entre los panelistas. 

8. Medici6n de las esealas lineales para conoeer la intensidad de eada uno de los 
atrlbutos. Tabulaci6n de datos. 

9. Analisis de datos utilizando estadrstica deseriptiva, diagramas de estrella y 
analisis de varianza. 

CONCLUSION 

EI metodo de analisis descriptivo utiliza panelistas entrenados que tengan eierta 
experiencia con el producto que se evalua. 5e requiere que el grupo de panelistas sea 
capaz de seleccionar y definir aquellos terminos que son importantes en la 
caracterizaci6n completa del producto. EI grupo debe construir las escalas que 
presentaran un rango de intensidad para cada uno de los atributos a evaluarse y debe 
ser capaz de usar las escalas para evaluar consistentemente las caracterfsticas en el 
rango de productos descrito. 

En esta practica se hara descripci6n breve del uso de este metodo. Descripci6n 
en detalle asf como uso de diferentes productos y analisis estadfstico mas sofisticado 
se daran en un curso de Analisis Sensorial Avanzado. 
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DESCRIPCION DE TERMINOS 

Por favor escriba 10 palabras que usted crea puedan describir las caracterfsticas 
de apariencia, aromaticas, sabor y textura de las muestras. Evite' el uso de terminos 
afectivos como "bueno", "malo", "agradable","desagradable", etc. 0 terminos que 
describan el producto tal como "'sabor a .. :'. 

Utilice la boleta que se Ie presenta a continuaci6n. Escriba los terminos en la 
columna de la izquierda y evalue la presencia de ellos en c/u de las muestras, haciendo 
una marca (Xl en la Ifnea que corresponda. Todavfa no evalue intensidad. 
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ANALISIS DESCRIPTIVO 

Panelist a No. _____ _ 
Producto, ______ _ 

CARACTERISTICAS CODIGOS DE MUESTRAS{ 

APARIE0JCIA 

AROiv1ATICOS 

GUSTOS BASICOS 

TEXTU"A 

SE1<SACIONES BUCALES 

SABOR RESIDUAL 



PRUEBA DE PREFERENCIA 

Par favor ardene las muestras de acuerda a preferencia·. 1 La mas 
aceptada y la 2 la monos ;:;ceptada. 

1. _____ _ 

2. _____ _ 

I 
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EVALUACION DE INTENSIDAD 

INSTRUCCIONES 

1. 

2 . 

3. 

Despves de conoc,er los puntas finales de las escalas, evalve la intensidad que 
las muestras tienen para cad a una de las diferentes caracterfsticas. 

Evalue las muestras en el orden asignada, escalas lineales na estructuradas para 
cada caracteristica escribienda sabre la escala pequeiias Ifneas verticales en el 
punta que mejar describa la intensidad percibida para cad a muestra. Escriba el 
c6digo de la muestra sabre cada linea vertical. 

Metoda Spectrum 

Utilizando la boleta con los abributas definidos,'escriba los numeros (del 0 al 
15) que mejor describan la intensidad perciblda en cad a una de las muestras. 

., 
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ORDEN DE EVALUACION 
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TABLA PARA TABULACION DE DATOS 
ANALISIS DESCRIPTIVO 

Panelista No. 

I 
MUESTRAS 

I I I 
1 

2 

3 

4 

5 I I 
6 I I 
7 I 
8 I 
9 I 
10 

11 

12 

13 

14 

15 I 
16 

17 

18 

19 

20 

I PROMEDIO DE PUNTAJES 

i 
I . 

I 

I 

I 
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Uttle Inc. (I) 2.-:.:! L":£ "QI,;~!1:l~:j\,C D-.:!criptiyc Ar.:dy­

s;s" "'<t"cod c: '''sen CCr;:'O,,:ioo (! 1.12). Many. ?eo:' 

I so:)' g,ro~?s c:,~:!: :!':Clr own c:.!sioi:1ized methods of c,:· 
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IL~~~:;.: __ £d :;:;':9?r:~~eJ..:.L~:::.~!!:"o:!1..E.~~rip~iy~ z:laly· 

Ii.s p2 neJ !.£..!;'1~~~.ly:-:.~..s:.:~ :Y!!:: ~ I)' bL:':=..2.~.:.o.!-r:::-on 
HatiSlic2i meth:·,:s s:Jch as the Hest and an::dysis of var· 

iance. DJ~L2J~_£!':cn EI..~~~.r!!~5!. gr~.p.bl~~l)y _ i.~.~. v_~ety 

I of forms r~~0!:i.ro.:.!J!:!!ograrr.s. t~_circl!!ar grJphs, The 
oirculu _,"ph l,,",.ique (Fig. I) pro;id~s an im';',diJle 
"picture" of ho'x ;a, product tastes and. therefore. is very 

I Useful in co~::-:.:.!::iCl:lOg {he results of a descriptive 
panel. To intc'?"t :oe gr.!ph. rezlize that the cec'er poinl 
"presents urn on ~ie desCriptive scale. and POintS r>diat· 

l
ing outward from the center a:e increJsing in m;1gni[uce, 
On this plflicol" gr.!pn (Fig. I). the tesl product A-S 
is significantly 5:(O~gc:r IhJn the (.:trgct in oily ,nd lo;).slcd 

I 
It'OmlS. and signiftClntly ",e:lker in total n,vor strength. 
The n,vor gr'ph clearly illustr,l:s that thc two froducts 
do not smell or t;).SIC Ihe Silmc. 

II is impor1inl to no Ie th,t no' ,11 differences on the 
• nnor profile arc: s[iltistic~lIy signific~nl (i.e.. nourl 

o 

'" ~ __ .o-'_" HII I.J 
I~ ... ". 

• 

WHEAT FLO!)" 

TORTlc.U,S 

· • • · II 
• • · 

I::. ~ 
,~ ... Co ... 

, ~c:" ... ~ e"",_1' 
I~ ..... C.' 

UA'''ItCIU.t l,c."~C""IIT 11'1. ~C1'H. 

F:,;:.::: I. Afcr:a cr..d [.a.-cr ;rcStJ f~r t.;rgtl cr.d :01 wr.t::t 
(70 .. r lorti/lc.s. 

coughy a:oma ,od 0"0'). ,Old thl 'he rcl",,: i::o,·:;· 
lance of eaca c.::.f.bI..;:e ITi':'y t-:: di(:c:c:l(. For e;;,a..-r:?'::. 
a s~a:isti~lly sisnif:c:;::t c:f:e;'c;;ce t<.twce:l the !.:!;,;c{ ~-d 
Icst A·S (Fig, I) in sv.cc:::css ,""c:.:ld ~ cor:si:crcd :css 
.scv~rc of a problem lh::.n a st~tis::CJily si£:1ifiC'::.::t d:f:.::-· 
ence in bil:crr.e.ss. 

o.:scri';iti\'e Anj!Ys:s is r.1ost one.'l used as a :cch:-::.::::.l 
tool to z,:d in ckv.:lcprn:rlt or i:7!proYcrr:cr:[ of a ~:-oC:';c:, 

15 well as to deline:ltc ?rob!e.i.1 a:CJS in shelf·life. It :5 

~~':Ju.u~. hclpir.g [0 undersu:ld L~e sensory q'J2H,:!s 
~.P~~.:C[, !:It:!. it is i}o.t.th,e ?pt=ropri?:e test to be: u~cd. 
wh~:.p .. e(c.r~~c£_or. ~~~e?:JbiljIY jl,;.d£c~cra~ ~e. !cq:.;i:-cc. 
The descriplh'c 3nalysis tcc!1niqt:: CJ.;'l be used most 5Jt:~· 
fact·only. ho~'cvcr. in conjunctio:1 wi~h hcdonlc testS :0 

'~i·p.!.~i!l,.jff~:iycres·ul:s. In ~~e food ;ui? navor ~i1dus::-y. 
D:scriptjyc Ana.lysis C:ln be applied to the followi::g 

seven activities. 

PRODUCT DEVELOr.'!eNT 

Descriptive An,lysis provides, we,lth or vitll in[or· 
miltion to the: food technologist or OJ.YOns£. InitillJy. the 
des.'!.ipli\lc pJ.nc~ provides a description or the sc:ieclej 
target (Fig. Z). ,ndior eompelitive products (Fig. 3). This 

................... -...... - -~~- ... -.- ... 
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Figure 2. Aroma cr:d flayor profi!~ for rarg(/ wn(Q/ [lour lor­

ril/a. 
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Figure ), Aroma Dr..:! flavor profilesjor nar~'QI bourbon vQJ1.illa 
a/roCI aNi/Of a typical imilDtion vanilla alfDcl. 

inronn'lion provides L~e lechnoiogisl wilh LIle necessaty 
direclion helshe need, 10 I.ke 10 m3lch Ihe $Onsot)' qual­
ilies of Ihe large I. As produci development progresses. 
lbe descripliv. pa::eI provides continu.1 guid.nce to the 
lechnologisl. helping 10 aim (ormul.lions in Ihe desired 
direction. The objeclive usessment provided by Ihe de­
$Criptive panel is portieularly impon.m during Ihis ph"e 
or product development. bec.use Ihe rood technologist or 
navori$! becomes euily fatigued or biased when evalu.l­
ing his/ber. own "cre.tion." The I~get pro me provided 
by the descriptive panel 1SSUres I more rigorous producl·· 
jovelopment e[(on. as I predefined wget has 'to be SDC­

"srully matched. 

Finally. when the prodU(! development Objective has 
,.~ achieved and pilol·plut se.le-up. arc underway. Ihe 
~ivc panel iJ used to eonlinn rh>l no ch.n~es in 

WHEAT FLOUR TORTILLAS 
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Fi&urc 4. !tram" cr.d fla.'or profiles [or !ahoratory cr.d puxf..lc, 
lion whaJi flour lor:ii!as. 

sensot)'· qu.IiIY h.,.e been caused by the ",Ie-up (Fig. 
4): 

SHELF-LITE 

New and rerormulated products of:cn need to b-:: tcsted 
to determine thefr cstim:ated shdf·li:e. Tnis tcsti~g gC:-:Ci· 

.lIy in"oives microbiological .nd sensot)' analyses. Tr.e 
descriptive pa!:01 provides Ihe (ood leeh"ologi't wi:h ce­
tailed descriptions on how the cclor. arom., Olvor. ar.C! 
or texrun: or the product change over lime. If oniy a sim­
ple dirference lest (i.e .• rriaogle or C"o-rrio lesl) were un­
wisely used •• product might flil shelf·life lesling when 
it was acruzlly irr.pro't·",'1g wi.h age (i.e .• wi~c or Y~'1:l1a 
extract) SimilJ;y •• doscriplive p""c1 is uoiqccJy suited 
to point oct Ihe cc:erierJlive chaoscs or u;ccsbble sen­
.ory qu.lilies th.t mi£hl (Fig. 5) or might not (Fig. 6) 
develop willi product .ging. While chemical les:' arc 
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s.criptive p~c1 ,an proyidc 010 ;!.ccu(a(~ assessm.er.t re­

garding whether a PfoC:.:ct re:lliy h:!.S "improved" in one 
or more qua.lities, [).x:s the "(lew improved" bundry de­
tergent significa.ntly ir.crc:lse the softness and color of 
laundered hems? Docs Lie' new irnil.:ldon v3Ililla exUlCI 
smell and Uste ex'~tly like the n,tural vanilla extract 
(Fig. Il)? 

lrl.a simillf vein. there is 2 significanl amount of inter .. 
est in redllCirlg calories. fal, sodium, :and sugar in food 
producls loday. Difference (i.e., uilngie, duo-lriO, paired 
comp:uison) testing will indIcate whether Or not lIle "re­
dueed" product is different from the original producl, but 
often it is Yillu,lIy impossible 10 reduee produel can· 
.stituents significantly without altering flavor. texture, Or 

appc2Dnce. Differeoces in n;!.Yor between an original 

prodUCI and a "reducid sodium" fomd.:ion may be 
perfectly .. «ptable as long 1$ the reduced soCium ",oj. 
UCI mainlains a good navor/lexture b,I;J1ec "i"~ no ~ndc. 
sin.blc chm.cteristics. Ag:l.in. to accuratc.ly test for such 
inlegrilY, an accepl3IlCe pand is required. He·"ev:r, duro 
ing ~e reformul.lions, excellent and cOOl<o""ious gui­
dan~ can be provided through a Ir.lined c=riplive 
panel. 

: ,. 

Additionll1r,,~~~c_sc.:!Pt!!~.p~~~".!~e!?_Sxp.l.'.:.n Ih: '" 
results of .. COilSU~!. tests. For example, if a cor:s:':lI1cr 

. test indic:ucd th:1t. a J.educcd fat' prod'Jct w~ -, ;-~. t~·:ii ... 

..!..-tr.!~~<Lct.;;.c..6 Pli.:!Sp.~neJ_c;,Q.ul<Lp rO::(d; j:i.-~: g!1~~7~_ t~.c_ 
.l!..rQ£U.H peye19P:;ncn..L.te:.3.m_ reguding. wr.J.:._:':,O:L {hb ': 
meant. The original and tho: (educed f~t prc·:.:c:..s r..;~;-.I 
be C4u~lIy viscous, C4u,i1y chewy, but '": :c:ccee f". 
product might Ie.ve less oily mouthco",ng; g:v:og the 
imprcssion of t' t.'1inness." 

QUALITY CO:-.-rnOL 

A descriptive. pp.:::el is sor.:c:t::-nes used lor r-:;.::::;~ r.-:o;;~ 

ieoring of production outp!.!t. The des.cri?~:',·~ ?3.~~! C::':1 

compare the prodcction s.1.":1pks to qu::dity rc:~::r.c::: su.,.-;. 

dJ.rds and d~t~inc whether Uiy notc:.w"r:.~)' c!:Tc;~c:!ccs 
exist. The r.1!jor beneru of csing a ccscn?::''-c ?.:l:-:c1 fc: 
quality control is tbe "comm::!e.c decis:on" L'-:~: t~e pa.",:cl 
can offer. The expert panel czn offer wcll·~~:~,.:j z.:h·ic: 
on whether or not to reject a qlJestior.:l~:c ~!'c.~:ic:io:1 
batch b:tScd lJ?On scr.sory q"J:llilie.s alar-e. ::"r S:!::!!~' 
control work'. a f..:lI-sc:l1e dcscri?[ive panel c: 10 rr.cm­
ben is not zlw2)'s ncccssl,;Y: for rourine r::o~::o~::g. 2 

smallera sc3.le panel of 4-5 cx~j'u may be a':c<;.:.:.l:;:, 
Sensol)' gUlli')' control ,'-, .Jso be ",coi:c:ce by 

f'Ol!tinc djffc~oce testing. \\':-;::1 a 5ig;lific~-::~ ~i[:'~;=il~C 
is found, L,e c!escri1'tive p.loel ca.., be use.d (.) c~fi::.c (...\~ 

CX2Ct n:!ture or th= Ciiff!renccs. 
Wnen a tri2r.gle plnel four:.d a Sl3tistica!:y S:g~i:I':2"':: 

differ~nce betwc:<:n a product:o" lot of d:hycco::d 0":00' 
and the quality refciI:nce s:~c.::d. a t:"3.incc c:sc..:?:; ... .: 
panel was J-b:, (0 re'o'c31 th3t I~C producrio:1 s::::1'::: .... .lS 

slightly tOO "Io:!.lt,d," in fJ~[ it was sligh'i)' "":-:-.: (Fig . 
12)! The prod recommended rejection of IC' 10:. 

QUALITY ASSCRA:iCr; 

D:fining "quality" :s always" a difficult task. ::I.!~ J. c::­
scri?:ive pJnel C3.n help in t!:is reglfd. If (or ii.S!J!l,cc, 

, "high qu,li:y" p,ir of bluc jcans need,d to be cefir.ed, 
'1 descriptive pJn:l ca.., review the v3nous rCr.:1s. t~;:-=s. 
,tyles, etc. of blue jC.lns (ignoring cost) ,nd rc • .:h , cor.· 
.sensus on what '''J.clly cDnstiiu:CS a OIqu1lltj" pl!r of 
je3ns. This process can, of course, be ';:?",d c'1",Jly , 
well to food products. F'rures 13, 143nd 15 il:~m':~ 

GU31ity mndards chosen for onion, bl"c~ pep?,r, ond 
vaniU. exiraci. 

Once "qullity" hls been d.fined, [he p,ncl c,n "Ie.ct 
refen:nce sundards (or future ('Jjning and tCSling. The 
pi.ncl can moni(or incoming nw mllerilh ::lOd c!:c:rminc. 
whc,he.r or not they meet the: qll~h\)' speclr,.;:a~jons ror 
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senlOry ch:>rJcleriSlks (Fig. 16). A dClcripliYC p,nel can 
,Iso be uled 10 monilor Ihe qu,lily o( compelitivc prod· 
ucts (Fie. 17). For roulinc monitoring, , sm,lI·sc,le dc· 
scrip<ivc p,nd o( 4·6 members may be .~cqU3le 2nd 
more desirablc. The role of sensory evalualion in product 
quality assurance was reviewed at the annual ·meeting of 
the Instilule o( Food Technologists. (2,7,10,16) 

SE."SORY· n;STRUM£:'TAL 
CORRELATIONS 

The usc of inslI1Jmcntal mc~"ods for supplemenling or 
replacing ~ensoC)' methods h~ proven a yalu~bIc practice. 
Sensory pands >.:e cxpensi"e .. ,d not .Iways available. 
and panc:.lists C:!:l becom~ f.1tigt.:ed v.ith routine testing. 
A wide "mety o( oJjccli\'e methods. including gls ,rod 
liquid chromatographs, l"turOmeler;, and ehcr:1ical as­
says have b:cn u!cd 10 compliment sensory par:cis. 

I 
To calibrate the :nstrJmc:1c, strong correlations need to 

1>: delermined between Ihe sensory and the oJjccti,:e 
methods. To achie'r'c strong cor;c!~tions. a panel trained 

10 ~ precise u.d accurate is r.ccess:ll)' (/4). 
-. Vcry good results pave l>cen achieved in correlaling 

sensory and inst."1l!'ncnlai methods for texrure cvalu:!.tion. 
us:ng such instrumcnts. as the Instron to pred,ct chewi· 

II ness, cohcsi\'cness, brink"css, ctc. and the Brockfield 
Viscom:lcr to pre':::! viscosity (8). Commendabl: results 
have also been oJiained in correlating sensory aroma and 

I 
flavor asselsme~:s to gas and liquid chrom,tographic 

.. dau. color (Le.; Hur.ter Colorimeter), moisture. 2.nd vol· 
. atile oil content (4,6.8). . 

I Trained pwels can also l>c used (or providing a scaled 
luribule ror ma;C:rr:il.;llion or minimiution in Response 
Surface Melhoo,,!ogy (5) or as a criterion for Discrimin-

l
Int Analysis (9). For example, based upon their chemic,1 
profiles, fi"e v.rieties of an herb were classified by dis­
criminant analysis (Fig. 18). A mined panel was Lien 
used to determine which classified groups h,d similar I ~nsory pro<"r1ics (Fig. 19). New samples can then be 
~Iassificd, based u?o0 their chemical profiles. If the sam­
ple falls into a regien where !lavor is accepl.ble, the new 

I ""'pIc can be accepled; i( not, it is rejected. This 
mcthod provides a comprehensive and cle3t~ut basis for 
purchasing and qualilY assurance decisions. 

I HERS DISCRIMINANT ANALYSIS PLOT 

~ORICiIH " 

I ~OPI:IN 3 
ORtGIN 5 

CVz 0 .8) 

I ~ORIGI" I , ' ", 

ORICIH Z 

I 0 
CV. 

I 
FilUn: II. DiscrimjltDl'l/ GNJlysls plot c/Q.SJifyiltt S or;titU 0/ 

"berb bam! .upo" ,Ati, cAtmicai profiltl. 

, 
HERO DISCRIMINANT ANALYSIS PLOT 

@:jORIGIN 4 

~ORtGII13 
OR/GillS 

8. 

CVI 

Figurc 19. Di:crim:r~r:t cTU1ryS:"S prot c/&.Ssifyir:g 5 origtr..s c/ 
c., hub: ori6jr..r I ar.d.2 tGJU r}u JGme. 

The scnscry hC:3t in red pepper can be prccic:c:d us;:--g 
L.'le linc~r rcbtlonship betwcen scnsory ~c~t :!.:-:d icycl cf 
capsaicinoids (determined by high pressl.:rc liq:.J!d 
Chi\lm:l.togr-t::~Y) in the red pepper (Fig. 20). Ti:is fe­
I:H!Onship C;:!.!l X used for purchasing, quali!)' 2sscr:.r.ce, 
qu,lity co,,,ol, and r<S<:!fch work .. 

Manual hud"ess 'can l>c ~ problem with r"l>cd ceo 
contor icin~s. To monitor the harcness of fiI:c:d t:lbcs, 
Z1l instnHncr,tJl. method was desired. A tr:!.:n-:d panel 
r:llcd ··sqt!ce.uJi!iry'· of ru~s filled wiLh. ac:corJ:cr icings 
of different consistency. An Ottawa Tcxruro:.:e:cr also 
wc:.surcd the consistency of these tubes. Res;Jits of the 
sensory and insi.f'Jme~tJI measurements wc~ highly cor- -
rellted. (r=O.9~), so <hoi. "SG"cezability" c"-. l>c pre· 

. c,c:ed using t:.: Texm:o;r.eler (Fig. 21) (/5) . 
Despite tl-:c m:my SCCCCSSC.$ in correlating se::sory :!.:-:.d 

instrumental rcbtionships. y.·e must remind ourselves th.!t 
or,!y the hum", being can truly measi!re Lie full e~?Cri· 
e;:,ce of flavor. No matter how precise and vuicd, ir.st. ... J· 

r..cots will "ever l>c able to fully' quii:lil'le the hum,,-, 
exp:rience. 

OTIIER BESEFITS 

A descriptive p,,",ol Jeti;'ity has l>cncfits other .Ihan pro­
viding sensory d3la .. Par.icip.tion on_~cnsoi)' pncls ?rQ: 
.~ides panel. members wilh grc::uc:r ~ndc~tandinb or thc 
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Fisure 21. Un.ear "la:ion1Hi' between suuory "~t;ua:(;biliry" 
cr.d faturorr.cUt a:rusionjoru eN) o/Iubt.d icingJ. 

comp~'s busir.ess. of de?::~me:'1ta.l projects. ~:1d of 
thoir own projects. Communieati~ns betw~en (coo tec~-:­
nologiSlS and ,,';e sensorl group, between technical and 
nonlechnical per:sonnd. 2S \/tell as between customers :md 
suppliers are irn?rovcd. Trained panelists make better ern· 
ployces; not only do they beuer understand the cern· 
paoy's .business, but they also hJVC a unique ability to 
provide an ex pen o"inion and offer a valuable voice in 
decision rnakbg. Descriptive panels can be consicc:'cd a 
form of pmid?a:ory management, thus rCJping many of 
the benefits of "q~ality circle" type ir.s:irutions (3). 
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THE SELECTION AND USE OF JUDGES 
FOR DESC,RIPTIVE PANELS 

KATHERINE ZOOK and COLLEEN WESSMAN 

o SENSOltY m:scnwl'lvs D,\TA frol11 experienced 
illtJi~·:t1l1.ds h.l ... e l...~ln usee1:'1S An ':1Cljuncllo I •• br:.r.:'l.tory t::stc 
tests!.l q:l:lhcr Oab [or s(J;:;e I eriod of t::~H:. For tl.e jX,st 
2/.·3 )"t:II"s, llOnC\'l'r, ;t mOle t:Qhtly CQnlrol!t.d melha:} of 
h:l~~I~.lp'. Cl<;'(.j~ri.:~c ~cn!'.o:y d .... 101. the Qt::.nllt ..... I:vt,: 
DtsLr;ptlvc: AII.d)~:.., (Q"A), bs b\!t:1l cC:ltiaIlClll~ly III u'>c. 
Dtlri!lg th.ll ljl.iI~. ll'a r.l:ljllr t!L'::,cnpli,·(: JlJ;,l"b h:lYC llcl!1 
cew!opc-d to r:~(,:c.t chffcrc:1t o!J;c.c;.;\,c.s. All (If :;;esc brocj'S 
n::lve h:,d two l;,ini:::' ::1 CO:J::-:",cn: 1'1;1. .... !lo1VC Lcc::t 5l:('C~Cc.l 
by a scr.l:s ,of trl:l:l~!t: (h:T~rcr:ct' t~SlS, .I~d t:H:)' h;,\'c 
fL'ceLH"J (Ill lI~lC\l51·. c pcric;-d of trlJifling ul:'iur~ LC b::lIl:;-;; 
their Ulstriplivc \\cr~. 

The purpc ... c of lh!..'i .1rlic!c ~ to CX:lrailie l11is :;;~t:t'hod of 
sclC:Cling :1nu tr:l:ni:1g ... ::.:\ nl(~:I:'iS of p!oducing good (h:~c::jl' 
ti\c judbts Jrd to look at SIJIT:C c( the types of quest:o;-:s 
'nhith h","c been ::l.nswcreu ",it;' QUA datl f.om suc:t 
jUlI~(-s, 

BASICS Of THE CDA METHOD 
The QUA nil:tho:1 of CC<icr.pt:\·e <lnah·s:::; \V~s descrioed in 

dt"l;ui by It!:. cc· ... e!opers (Sto:le et '11 It7·n seser"l mr.lilns 
~Jtpr iL wns ims-It:nentcd l.Jy tr.em l:l Qu.d,cr O,:!~'). E;u:y 
USFgC With bt.er dll!.e Schlitz. Ue~r Co. was ccscr:bt:d all!.l! 
SlI:r.e lime by ~i:J.cr~ly e~ 2J. (:!li,:). 

The m<:lhod 015 u~ed .:t. Quakcr Oats !ollowetl thls 
foe,!",ncc of enmts:' 

.. Screcninl! of2-l·3G ?lospf!-cti\'c jUG{:es by means of 12 
tn:logJe di(fc:rencl' tests, l'ach .:!o;;]inlsten,d t\\ice. 

• Selcction of 10·12 or the most di~cr:minJ.~ing jeugc.:;. 
A\';::,i!ability :0. lht: li:ne in\'o!nd in trOlining was ~ pr.r;;e 
req:.<isile for jut!;;!! l.,lHO, . 

• Tndninc rer arou'1d iO hr, usu;\l1y 1 hr/d.:1Y. nur:~b 
thi3 period, the tcr~~iflology \\:..s developed to describe the 
/l.p~ ... r:\~cc, /laYor, :!:1d text":ie of t!1c ploducts. JlId~e~ 
..... ere piov~cleJ with ~ b.o:'ld ~s..o:.o:tml:nt of trainir.g procl.:c:.s 
!.S ~hey :-::ocified B:1d perfected the evalu<i.lio:1 she~t.s, 

• A Series of .; r('piicJted jucigmt:nts on tra::-:.i:-:.£ 
procuct~. ,\ftcr gr:\dlnt; nncl st;lt~ticJ.I :l:l:ti\'sis, one or mor~ 
cu:Tl'Ction ~CSSiOllS wl,'re conduct('d to clar:fy any conft:::.:on 
in the use of Ic:rms, The b;'\~ic '..l:l:t or c\,;thl:ttion in thl! QDA 
lnethod S; an unstn!c~uil'd E:le 6 ia long :l.nchorcd ~~ in fiO;';l 
~ither ~nd by pdil'::' or ~crTl1S (F:g. 1). The judge t:\';lIu"tC's tbe 
L'1ter.~lt)' or C~l.lh SI.'r.sory .Itlnbu'.e by plac :nh a \'crtic::d line 
acro~ ..... ~ UlI:,truclUrCt\ line. This is t:'":IIl~l:JlcJ into Jl ~core 
{roi.\: ,I GO (or~t<l.ti$t:c~d Ji.aly::.is, Ail data reported in tf'::s 
"rlide nr~ in lcrms of this ~cnle. which is lI:\ .. tlul·tllr~d \\ h..:n 
lhe judtl! lI~l':) it ~lId i.~ n&OlbnC'<lnul1\~dc:l1 \,iilul'S loIter. 

• Rcpliciltelt Jud~mcnLs. us:ng 10·12 rcplic~tions on 
the fir.:.t use of the p:Ulel immediately after tfJ.i:1i;'lf:, With, 
ltpc:ltcd Us.1ge of the &roujJ, ·1·6 rC'plications with 8 jud;cs 
h:lve bet'n found lo produce rcli:Lolt: d~\til. 

• Annlysi5 or Vnrinncc of c.lch SCl1~OI\' :1lLriuUlc SCI'.1-
ratel), bee Tahle 1 J, lOI:cthcr with tI~vcIOl;II1I,'lIt or ~Ol reb­
tion:s LI.'t\\1:1:1I :ttlriLuks nn,t belween :lltribut~s :I.IHI :m 
O\'~rAU ;",ccCpt.U1CC tcrm. 

A • Examinatiull nnd Interpretation of d.ltu. 

V • Prl!pnrlilion or QOA Confh~lrntiull~ tlcscrihinl: 
jlnxiuCb, 01111 \·j"\I:tI or wdttt'n pn·!>l'nl •• tillll,,\ typi,'al 'lilA 
wuliJ;ur.ltiull {Fi~. 2} 1Ia" liul.'=" nuJi;lling uulwartl rrum :J 

The ~u'hOls ~rt wah Ih~ Product Ev~fv.)lion O~pr.. The OVJkCf 

o.,u nl'sl'.Jlch l.:Jbo,,,rory. a"mnglon. It COOIO 

SA Form lFC:lIl'olnl nGY-NQVfMnfn urn:, 

, 

center point, E:lc.h h:1c rC:,)H.su:ts :l p~1 ticul:tr (!(:sc';pliv(! 
term, and t!H': J,H'r~~c i:1tc'l~ity for t~;lt tl:lI:l:S p!ct:ul O~ 
lh.lt lillc .(the cen:f:( rC:F~~·c~t5 .~,;-; ::'l~l: .. ~:ly or C. i\::d the 
outcr JlOlnt a \Jh.:!.! of J5·CO). Co::::Cd!:l" the .1\ t..:-O','" . . r ~, 

mtl,'nSll;cs ,or n!t the tcn:1S ;:;ro\,c.:c:, ,1 l,rO{~~:C~ ;;:c.:::t... 

Judt:es \\ho m;'\GC up t':c lr,~:,:c'l <(D,\ .:·rc.,:j:" '\ere :l.:! 
cmplo),C'('s c.,( the Q.J:'lkcr 0:;::. l!C5L.:!.l(.h :llld D"x!. ·t.i'''~!. "t 

L:tboratory, A let.:!.! cf2r9 ~<:'!U,'::-:s '\C~;; CO;'ir.hlct.:~, [:C::l 
which flO J~d'~c5 we:e ~'.::c:::-:i ;'0: i..\:::~bc:s!":) 1,1 l.;c 
~,OIlP"· A!HI\I~ h:":i of the ~~:~!.:.:.s \\o!IC .'~ i'>c,d'r~: .. : .. d ;1.: .... 
VdlHe the):, ll"\i;ht. n:1\c c:x;-,o:.. i:':-,C:! 1:1 t;",:.t:,:~ fl::vJ.; t~:~ c· .. ·.c:­
hair \~(!IC J:'l non [c()t1·;c!J.~.:\! ji;:'S.!,C::",. :':,:t. \\c:-~ :u.;::ci :0 
be :...b!e to dis .. r::;r,i;lale ,\cd :::y ~:. . .: ~ri,:>,:;!e tc!'o!:::'; i·;-~CC· 
dl!r~. All of thc i::'"OI:j)S CC\,C:CFc.! ',\e:c :.:ix:t\:I~s cf ti:c: ~\~:) 
tj'pcs, <lS ShO\\i1 in 'fao:e 2. 

PRACTICAL CONSIDERATIONS 
There are a ilUi.10er or cons:Ge:?,!:ons in se~cc~::;o J:-:rl 

using judbes for QDA, or =.r:y Qi.~er t}PC of cO!",t:~l::'" 
dcstripti\'(! \\ork, \\h:ch h,J\e :,ctt--::::; to co \~I~h t!:~ 
technical 2.~j1~Ct5 oi sck~:ln;:: ;oc.: ;:.:t:~c bllt "re c,.t:c"l ~Q 
the st.:c:ccss of th~ program: 

1. Fjr~t, lind :7:c::-l·i~po:'"t:\l1t. t:"c wl~o!c p:-obra"Tl r.n .. st 
have upper T:1~n.:i~4!:nent Sl:~r.crt. 

2. This r,\ust i:e cCJnmt::~:c,l(d to r.il!d!c ~J.:l:;;;cme::l 
personnel who ...... liI be ~\':~~ p!!r:n;3s,o;'\ to :'"I!!e::$.c 
cmpio),ct:;\ for t!'e lll'::ie :-.:.qui:t;d :or l~C tra::::~~ :1.,ltl 
devcloplr.c;'It of tr.e conli;~r:l.:iOr.s. it m.:i)' be nc('c$::.~rl !) 
hold brief ~C'!n:n,j,r.i or c<::-':\::1.::u:,::1.\ i1lCt..tl:l~:S to :.C'iU:lI::t 
t~cse people ,\i~h e;r;:l;np!r:s C{· ... h.!L qDA C:In do :lntll,vw It 
is accomplished. 

3, The time rf-Gdrements :il'o..lst be clt':l.rly s.;:elled eLt to 
both thc p~r:;c:jl:'Ult :u:d ;';:..5 :~:ncc.!i:ltc sl.;;.cr:r.I· ~cfu'c 
p:utkip~ti"H1 be~~s. S(,CUI~::~ :::'c p,~:I('I;!'ot rOt o~c ~OUI reI' 
day d~,ing: lr.c t:-i.:ni:lg j'lcr:od is t~c cmci3i i:1.c:or. t:-c 
screening and ;qeated e\';::h!:Hio~s iequilin; ,!",l.!C~ lcss 
time. . 

4. H twO people from:! ~l:,\:lll cClJartr.;cnt. bOl!} c;u:llify, i~ 
is ""'Lscr lo ~L·!t:ct only oue [Cor l:alllir.~. Thl:.s, \\ hen :1.!1y 1I1'e 
group meet~, p;.rtit:ip:1.tion i'o $p:e:-.rl a:llon{: 1\ :lII::1ber r.( 
cep~rtments :lr.d roQ one ~ej'i!.ft;'le:~t is suddenly ce:-:.uued cf 
a l.1q:::e pont of its work fOlll!, 

~. Arter r.I~n:t~(;mt:nt su~~o.t. moti\';'\tion ;;.nrJ il~ter('st 
on the p:'l.rt of the p:1nE'1 mc:n;/~r i .. lhe sil:!:it: n'o ... t 
ir.'lport:'l.nt r.lctor in cb~::il~illS: o~.ti!,,\lc, co::scic:lti>ll.::­
pr(,!'oent.c at ~II p;1nL'l !iC'$!\iUI:::;, Th ~; ... c',h:l.lI(.l'd by J,::i\ ill:': t:::: 
panel some idea of the PUI i'o~e or :m;..:tJrt:lOce oi !ht: }}l OJCl t 
to the comp:1ny. T~ere is :lvery fine !ine bcl\\cen ilIOvi(!"':; 
the pOl1~1 \\ith illfornwlio:l ~Il (!:t: c\'cr!ll\ :lil1ls of lh~ \\Oli-.. 
and giving clues ..... hich Olay uiA.s their t1cscripti\'e work. 

6. AS:1 mOT:!l" boostcr, h:nda'on to~~tlll. .. r.:lt D. :-C'st:ul1:\!'\l 
of thcir cllUicc for the gro\lj'I after tht: complction or:1 ~I.'t. or 
S(riC's of :->J.mplc:i h:l'i plu\('tl In Le dTt'Clivc tlot (',Illy ;I.::' ;1 
rc,:, .. Ol.rd talt itS a m~:'Ins of I..n.l!dml! .. ..:::.plit UI,: COlp ....... 

7. Occa}.ion:t1ly. one person \\ ill qu:dify' :lIld SC"\'I.! un 
morc th.m one ~rO\lp, but lhi .. h::s not la,ell cncour:lsul 
b~"\1se of the potcllti:ll con!lit:tint:: (h:m:uH!S of the t\\ n 
~rCJII11".. ' 

TECHNICAL ABILITIES NEEDED 
The qU:llilic.ltion~ (01 C'x(ll'rt c1c-.cril'lh-c j\ld~(,'~ ha\'l' bcell 

thoruu ~hly tk-:-.<.rihcd in \'/1 riuu~ P;lill:l :i .. StlltlC or tilt: 111101 l' 

impnrt.lIlt ;!ore: 

........ , '.,. 
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1-SCORE SHEET (or qu~t'JCtr~riv~ descriptive ~n~IrJ;J: the judge 
' .... Iv>l.' Ih~ intensify of CiJc!" semOlY ;Jwibu(r! b'l pucin!J .3 vetl;c~1 
Ine ~c/oa che IJnSlnJr;lf.lfcd line. Thrs jntensity is I~rer UiJnsliJted inro ~ 
numeticlflcCfC 1M statistical ,.-,.,11';: by U.st of' rtmplJle whicl1 
divides Ihe line info v~/ues (jJIIglIIg (/(lm 0 It rile lell end 10 60 II the 

tnd 

. • Taste Acuity or ability to 
judgmonl (Arnerine et 01., 1%5). 
olfactory ability is pn:supposed. 

duplicate a dirrerence 
Norm.1 guslAtory Dnd 

• Ability 10 Denl Anolylicnliy with a complex lost 
situation. Girnrtl9t et al. (1951) bclic",-ed thOlt it was impo~ .. 
siblelo test ind<penconlly (or .lIlhe (nclors un<lcrl¥ing lhis 
unitary $kill but. lh.:lt the t4.ost situation must tSe set up to 
require nets of discrimination :lnd judc;rncnt. such as would 
be used lot., in Ihe o'perimenls. (Th .. e skills include flo"or 
Int:mory. il!>ilily to deal lo~;c;dly \\;lh fi:l"'or perceptions, 
t.nd gener:ll adjustment to the tdt situlllion). 

• Good He/lltb olld (reedom from .1I"~y, (requ.nt heod 
colds, nnd sickn .... (Amerine et .I~ 1955). 

• Slubl. P"rsonnlity, neilh.r overly pa .. ive nor overly 
domin,nl (C:ru~ 1957). Frum sante r,,,,ent .tudi~ witI. 
personolily uoit scAHn, (Henderson· .nd V.ise)" 19iO), it 
ho. bcon .u~g ... tod that individuaLs would continue to 
operate ala higher level o( performAnce i( lh.y score high in 
'he "nc.oed ror achic\·rmtont." Our obsen·:ttion is th:tt an 
indh·idu.1 who is nol e"';ly dblrnclcd (rom tho I .. ,;. .t 
h."lud. who c:an prrtotrn no m:tttc:r \,,·hat. the emotiunal 
u1 .. ets in his life, usu,lly m.ktS .11 excell.lll jml;o:. 

• Abilily toYerbali.e or dr><:ribo wh.t lb.y 10.le. 
_. lnler .. t and MotivDlion. 

• ... YailnbililY_ t 

fig. 2-A TYPIC':"L COA CONFIGUf!,ATIOil fOl rhe 113 .... 01 of" rr:,J:I/, 
lo·tal eel:al, art. Tile "velJ;'e iMen5;tic5 fel the V,JI;OUJ ",/r,'?v:es J:= 

91~phe:f on lines le'l!j·r.g Ol.llwJI;:J Ifr-ffl ~ v.Jue olO';1l the ceM.:I ;::~:n; 

to " v~/:Je of 35 .1 the Quiet pe1imeru. F~r e~~mp/e. t!:e ,Jvu~;e 
il'llcn;;tt of .sweetnelS is locilled.,. poinl.eprcsenl:n9 32.1·' 

TJble I-AVERAGE INTENSITIES a/valious ~Iltibvtcs /01 rhe IIdyei 

0/ • Jir.9/~ sampfe of C~p'n C,..mch'S teOldr·'o·u( cc.c.,J. dry 

Intenl.r., .. /lhot 

s... .. , ... " 
1':"11 

Can",,1 COl"/b~ ... n W;lr 
"ccu,.,<I",:"/cOtn 
~ COlI'l fun(l,"'oc.u,,~ . 
"'nltfy 
SIn • 

""" !onel 

'" 0 ... 
c.,d~4 

YoU"";'" 

"I,h"'U1t 

r'nJl/lu', 
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~<f·rii.litl(! Panels. 

li::;hls \\hich m:ly mOl!'x color o(lcn'JcO\ve other chlC!s which 
the p:ll'tiripnnl c:m pick up. . 

3: The cc:ncral pi;l.n of l1rr:\n~in):.lhr. ll'!\ls is to r.ivc thl.: 
C41SI(:T oue:; Jil~l .:mti the JlWfC: thll:cult OlleS later in the 
~ri('s. It is vcry cJirIicult to get :I. perfect progl(."$sion (rum 
c<\sy to clillicult . .Jlowcver. cw;n without this, thl.: judge eels 
cxpoo;ure to:l hro"d f:lOGe of lnsks. 

-1. To be [nir to the: cnnclitI:1tc'i,lests must be .:i;1.!1I twicl.: 
<Lt the $.'\mc silliu;:.; onCe with a $cl conl"illill!~ two A 
s.1.mplE=!\.l\nd once wilh a set containing two U !,:lmplcs. This 
doubles the number of test sets used for screening. 

RESULTS OF SCREENING 

The samples for the 12 tri;'Ulglt! l(.'sts ..... ere nil prc:.,·a':l'c~ncd 
before the tests were ildminisll.rcd, and an ~ltc:npt ''':IS 

m41ue to start .... ith (airly c:'l~y te~ts and :n:lkc: thcm 
progrc5..-;h·cly more difHcult. The: nim W:ls.t0 eXJlo::,c the 
judgeo; to A hro:ld r:lI1gc: of d; ... cdrn:n:ltory til~ks and to 
inchloe in the H·des some of the typl:.., of \',:"nalJlc:s which 
wO\lld later be dl'!>Crihcd by the pnncl. T(:SlS Wl:r.: :\llmini:-;­
terf:tilwice, once uith two :\ s.'lllplcs and once with two i3 
&:I.mpl~s, because it was fclt thaL certain c(lI1',:uinations 
might be easier to pair correctly thall others. Table :; ~ho\\ls 
a sample set of 12 triangle tests ilS ad:n:nistcrcd (or C.:.ap'n 
Crunch ready-t:)ocat ~a.eal, [rom which a group of 11 0; the 
mos~ di.cocriminating judges were selected for training. 
o An o\'oCrview of the 10 dilTerent l:roups screeneu by 
triangle tests "sho\l,'S that: 

• Not all peopl. are equally discrimi"oling on alt 
products. Thus, it proved .worthwhile to tC!!.t a si;nific:'Int 
percentage of C:ilndid."tcs on more thiln' one product type 
(Tool. ~). . 

• Some products were more diOkult tc discriminilte with 
(paircorreclly) th4'ln others. Th:'o; is shown in rrable 5, which. 

I blt J-RESL!.LTS Of SCREENING by (fl':nglt diHtftnCI! len. u:i;'g vlfi:lions ~I C,p'n Crunch t~idr'fO-tlt CCftJ!. dry. when luted u;ifJ9 c"";o A 
mp/~3 Inri tl"'iO B sltr:ph:3 IX ~'CJ:t:3 11'1 inCQtfCCI idt:lJtilic~I"onJ 
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ivrs lhe rl.'t'urd "r the )0·12. rno~t C\i.~rimil\atinJ: members 
'ho '\"tre cho:.cu fur lrOllninl: on ~t\ch PWdu"'L tYl1t:. t'ur 7 
luL of the 10 products, pant:li.o;.ls averagt;:d Letter th:;m 7!>% 
arrect id.nlilieations: for 2 Jlroducts. tho level W'$ .hout 
;t,'.l-; ror one. sliKhtly lower. • . 

• The level of dL",iimination attained by the rroup. 
., .. tt'd 01'1""""] to v.ry within: (0) Tht· complexity of the 
"roduct-pina cO:ILaincd nl.:l.lly ingredients which ofLcn 
masked the real vanable, (b)" The ·,·anobility .of the 
product-slm.:dded WhCiJL bt'\cuits ihowcu unavoid:lhlc 
din't:rt:l1Cc-S Lctwt:en individual units. (e) *l'hc d.ifficulty oC 
tilE.! Lest st=(s.-a!tnouch the s.:'lme &en~ral pl"n 'was set up lor 
.11 products, the t",ts on Life ccreal wtr. bnsed on sman 
'Varinlions in plant. nude product which proved ntremely 
difficult 1.0 ith:ntiry. 

• The level or diserimin:1.tion :lttained fo.r all indiyidt;:"I.Is 
on all products in 279 screenincs (Tabl. 6) showedth.t: (.) 
28.7% uf those te::;ted were very discrimini\ting. picking the 
odd sample 75% of the time. Another 201.i% picked the odd 
sample GG.i~ or the time. (b) 36.G% of thnsc tested discr.rn­
ina ted at a le'o'el in which they identified SO-S2t;O of samples 
correctly. (0) Around l~ of the croup did liltle bettor at 
discriminating lhan the level which could be attained by 
gues. .. ing on n trbnglc t~t (331/~% correct). 

Thus, generally speilking. if a level of discriminaUon or 
G7.7S% torrect identifications is de!'ired, nbout 2-3 limes as 
many candidales would hnve to be screened us would be 
selected Cor final training. '. 
TRAINING OF.JUDGES IMPORTANT 

The imporlJnc:c of the tr:tining which is cC:1.ducted with 
the jUdglo;; arter they P-re selected cannoL be cmph:lsited t.oo 

" much. F'or the trainin~ to be successful. an e:cperienced Olr.ci 
}C!rcC!ptiv~ leader is ncccs;,uy and :\Cvc:ral bi\::,ic points musL 

.... O~O~T"iw: 
• The p'\nt'l li'ader' doc..~ not t;\ke pout in 'the d!'Scriptions 

or the ]lrOducl!>. His or her tole to:; to keep the group 
{unctionin~. pro\·idc stnnd:mb aud lr'lilling samples ~s 
J\~(h.'tf. {In.-pMC lnnl Sl;on: ~iJcels {tum the lerms SUI:J:C'Sl(-d. 
think of ways to clarify confusion, lind lest and monitor the 
jud~t.". . 

• The lemli1\oIo~y u$.Cd to d~scribe the product! comt's 
{rum the p:IIU'1 uwmill'rs lhcm::;cl\"cs. All nlu:-.t \Uutcr:;li'lnd 
and fl'el cumfutlublc with the descriptive terms to hI: able lo 
usc them effectively in b!'ading. This is why it is $0 
jnlportant lh:lt members.not rni-c;s sessions. _ 

• Mcm~rs or the troup must feel on lin even fPOling so 
Lhlt ell wilt Ul3kt: contributions to the general pool of 
knnwlet1ge abQuL the scn!)ory char.lctcristiti' or the 
product. 

• The ingredients from which the product is. mad~ afe not 
id(;ntified at r.rst but only after a need for them is indicau.d. 
$ince lhey could ~ilJly innucncc the: c:cpect:1lions of the 
judges in their fi~t imprc.s.tions of the product~ 

• The physical surrotlodingl 0(' the group :lre import:lnt; 
thf'SC include ~tlt:qUiltc privncy, ventilation, and lighting, 
and II conff:n:nce lllu!e around which all milY sil to lake 
part. 

USES FOR QDA DATA 

W~.t ... e SOniC of the lIses of nn expert panel developing 
dcscnpllve d:ltil by the QDA mClhod? There: are 
\mtlouhh.-clly 111::\111 l1S(I~ rOf n tfl\inl'tl panel. but 1 wiU 
conline mY~'ff lu u.aiuplcs of 1lrojects un which we h:lve 
ncc:ulnul;at(:d d:lta Ilud hnve rcsults: 

1. ·As nn Aid in Product l>e"elopment: , 
~ B. "0 d\~rihc: lht' ~n$Ory chOlrnC\CIl:.t'c::> or corn~ti­

\I\'c: produch. :Inti (Jut or mort: CXIH.:nlllcntill lJfototYJK'S 
(fip. 3 nnc\ ~l. 

h. "'ro dununt"nt lh:1t the $Caltd·up t1rudfl('t is like lh:ll 
urir.inatl,v d''''t·}Il,>t'd. 

e. 1"0 tlJtlimi:r.e:t. fumlub by dtoscrihing !.4!\'t'r:aIIc:,nls ur 
k"\'~r;!.l \'ari.1IJk-s in mure ro",,,les: \lloNr.,ns. 

~~ .. - . --...:- ... '"".' -

T~b/. 4-NUMBE~ AND PERCENTAGE 131 t:~lI~;!.l.)(e: :,cl(:Mcd bt 
.l'i'lIgte test on olle Of I1lwe 'rpe~ 01 pIQducCJ.: I 'l0 perJons pOlrr,c/. 
piled in 179 se/eM;lIg te;ts (13 obr;),n "0 /1J11!Je: 

H .... ( ,:",,, 'n'''''. H •• • f "" •• th I ..... .., • ,.fI.". ,..".,.. 
lill ...... t I,,.. .1 ,...t..cl ,., • .,4 , .. " .. 4 

• 17 11.1 
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d. To provid~ langurlse fur description or an idwl or 
favorite product by consumers. 

e. 1'0 clf:SCribe chGnG1!S in stl)fO\se. 
2. As nil hid in tIle Mn"inh:n:mcc or huprovc!\IClll or 

Bn r:.tnbli.hod l'rodu<t.\Icr. tho QOA dot, fUlIll,hrd uy 
• <l~riJlth'f' 110\uel nre ,i\.Cd ns nn O\n:\I):tic;\1 ~ool :\t~d ~;au 
f\lnction bv themsel ... cs or In conjunctu.lll \\"1\h OOJL:C(l\" 
n\t:n~urcm;nl'-;. Of c,'cn call).U1nc:r :lc('('I)[~ncc da~:I. i'he 
following nic ~'Vl:ral cX~l1ll'lc!\ uf lla.t~C kill.t!~ or :'I(lpllC:~lltlll" 
fdalin.: to typiCi\1 prubh:II1' wluch :\rI~C 111 CUUlIlHII:ll 

mnnUr .. Clun: uf n produt:t: 
fI.. Cnn the vO!;ri:thilil), he rt.·dm:,·d? Itt nne ri\~c. it '~:l5 

do.irrd tu ft.-duCtt color \':uinLility of n rt'rc:l! uy Sod lmr. 
cel,'r rnn,,"::1 on a l:ulurif1U'lcr. Jlcr~. QUA d:ll;t tll":'>":l iln"\1 dn: 

. .. 

I' ,. l'~ . 
11":.'2 

:C' .. '1 " . 
B·· .,' 

lit I·" ' .' i';: l/' : . .-: 
I··';' 
I"·' • S~.' 
I ' 

;t:~ i ';~, ;--, 
i\:o·.·. H'; .,. 
Ii!:::> Ii \ .. ' 
Ji":' . 
Ii"':'" 

I{~~ 
II~.~ .. 
.l. 

Y-' i :---: 
i .~ '.-
1· ..... -
I,.· • 

r~:' ii, . 
1(;; , . 

[iJ.~ 
.r.,···· 
·F:;'· 
k·': 
}'". -. 

.."1 

r . , .~ . 
;~', ~ 

;-;-
-' .. 

. ''--
':': p::-

ri"i~ 
I~~:'~ 
It.:;··:­
f" 
t·:" 
t.:< 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I f" 

~
(:: I '.-,-
" :"." 

/~~ I 
_ ... I ,. 

r 
I~;~ I 
ik. 

http:desir.ns
http:sdcnrd.ca


IDescriptive PaM/S •• 

ch:\nl~cs which took pl.lce ~o thill rt":tlislic: cul-olf ranges 

I
CCIUld be set (I:il!. !io). ,Uler the Ii~L ,ll·script!()Il. procluct w;\:; 

mtllh: /I{.::lill. c1l"scriLL'd ;'t s<"CUlUJ linH: hy qDA. :lnd nl .. o 
:iUbmiUccJ tu childrtn. the con5um~rs of lhi:i cefent. Note 
how c1o~ly the results of the $Ccund QUA description 
dupJicntl.-d those of lhl: fir.)L. and also haw the chihlrcn 

I rCOlctcd to the products dcscribctl. 
b. Con the n:~nur.)cturillg· praces., he ch::mged, for 

rcitsons ur improvement or cost cutting? Descriptive d:U3 
hilve LC'l'll SUCCt~1;runy u~cd in changinl: C:'tlnlsiol1 condi .. 

I 
lions Cor d. r~ddr-lo-~3t ccrc:l1, as one C:~:lT:lp!e. 

c. Can:ln ingredient be ch"n~td? Figu rc G shows that n. 
desin:d ch:lnge in processing of a P:l.flicul.'r i'ngrccHE'll t could 
be used with nec1igib!c res1Ilts on the product. Fisu!'c 7 
shows that a 25~ reduction in le\'el of one ingredient ," .. ill 

I probably tause p:-ub!crr:s with the product tlt the low end of 
the permitted pouch \\t,jght; the projected decrease in the 
ingrl!dicnt was dropped. . 

3. As :(Dil\~nostic Tool when a product is slowly losing 

I its accu~:oml-d 5h:ue of the mitrkct. A detailed sensory 
descl"iption, together ·, .. ·hh thOlt of the competitive product, 
is the firM step in determining wht:lhcr the problem is in the 
~nsory area or in some other arC3. such ;J.S markcl:ng. 

I Figure 8 incJicou.:s that a shredded cercal biscuit pos!:c5.c>es 
neg:llh-e notes that the competiU\,e product doesn'l. Pack. 
Rging and proces!'in: can now be examined tu find the 
£curce of the critjeal otT·notes. 

I t As n QUlllity Control ~lc1\.sure. This depenus upon 
the dl!\'clopment a:-:.d maintenance of a master configura­
tion or QDA profi!e of the product ag~inst which later 
profiles of the product can be compared to nleasurc "dn(t:' 

I This presuppo.", thur the samplt .. described .re truly 
. repr~t'nt.,.th'e of ;no~t of the product th:lt is being made.o.t 
, ·lht point in lime \Yht:n thl! meZtSurcmenl is taken or that 

th~rc is n histoncal knowledJ.:e of the amount or norm.:ll 

•

' \·:t.rbbility in manufacture. Figure 9 shows a rC:1uy.lo-t!at 
C't:rcDl as pot-st:ntly nl.1llu(nct.ured vs Lhcsame prouucl (rom 
two years prevtoU!S. .. 

'nh.'Se are but A few illustr:llions of hew the datil (rom 
trained c!(::)Cnpth·c juc!c:cs., when used in conjunction with 

I slalblical :1nalys~ to judge variability and reliabUity. c:an' 
answ!;'r questiuns :md give information. 

The question ine\·il"bly arises :lS to whether sensory 
descripti\'e data c:~n be used to predict act:~ptanc~. The 

I experience with the 10 groups over a period of 2\~·3 years 

I 
I 

: . 

Fog. 3-COA CONi:iGURAlIONS rOt' 4 PIOl(liypL' cir:n~mon./f:Jvolcd 
,e/e.1 .nd :J mod,fi'Jtl(;,l'I. Incr~:J:;in9 Ihe ··,ir.n.;)mon SP;,I:·· DnrJ 
":;weetneu" :;li,;lItly ItH.lI:ed in J plod",t witll more irr:p.,ct .Jnd less 
"SI';)I£:."I.,.-- ~"d "r~w t;1:Ji(llo,"~ ch"r"clU. This, moddie.J(:otJ .... J; 

rovnd to be s/~nili'cJntl( mere 'eeepl;)ble in consumel us:m!J Jnd 
went 001 to bl:come , suecesslvl m.rket in:roducllon. Th,"s ;s an 

e"mple of ho.., sm~lI but sl9nific:ml ch;;r:ges in J.:ey sensory "lItlbuies 
"n b~ Clucl~1 to •• fJIOCIICt'S s/lCeCJS . 

suggests that detailed sensory datn COln be uSl:d Vf!ry 
efTectinly in combination with acc~?t;J.nce infonn3tion 
outn.incd from hager or consumer grotlps . 

In summi1TY. eac:h of lhc 10 ccscr:pti\"c sensory croups 
dL~\!sscd in this :lrticlc W:\S nf.:\"clopcll 1,y (1) sc!"c(':~!I~g 21·33 
individua1::; to obtain the 10·12 J1lU~t discriminatiaf: :\lId.. (2) 
~\'ing these indi·':idua!s inttllsive 1raininl,;. 'nley all wc:nt Oil 
10 produce )I!nsorj cll.:$eriptive: dnta \.,·!lich :nct the sl;~n· 
dilrds of the p:1.rtic:ul"r technique: for ~cnS(Jry descriptions 
which we were u:,ing (QDA). This wn$ true even thouoh 
there was some v:1.n:nion in the lc:~\'el or d:scl";mination 
attained in the orisinal screening on lht \'al~OUS products. 
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lABORATORIO No.4 

PRUEBAS DE PREFERENCIA UTILIZANDO 
PANEL INTERNO 

OBJETIVO 

Utilizar diferentes escalas para determinar aceptabilidad de los productos que 
se presentaran. 

INSTRUCCIONES 

1. 

2. 

Los participantes seran familiarizados con el uso de escalas hed6nica de 9 
puntos facial, y de ordenamiento. 

Un problema sera planteado a los participantes, ellos definiran las 
caracteristicas de inter~s a ser evaluadas, formularan las preguntas y 
seleccionaran las escalas a ser evaluadas (hed6nica 9 puntos, adecuado -
inadecuado,ordenamiento). 
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LABORATORIO No.4 

PARTE A 

ESCALA HEDONICA DE 9-PUNTOS 

Por favor marque la frase que mejor describa cuanto Ie gusta a usted este producto: 

C6digo __ C6digo __ CCidigo __ CCidigo __ 

_ Gusta mucnrsimo Gusta muchrsimo Gusta muchrsimo Gusta muchrsimo 

_ 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 

_ Di.guata IIgeramonte _ Disgust" ligeramante _ Disgust. IIgeramonto _ Disgusta ligeramonte 

_ Disgusta moderadamente _ Disgusta moderadamente _ Disgusta moderadamente _ Disgusta maderadamente 

_ Disgusta mucno _ Disgusta mucha _ Disgusta mucho _ Disgusta mucho 

_ Disgusta muchrsimo _ Disgusta muchrsimo _ Disgusta muchrsimo _ Disgusta muchrsimo . 
CamentariQ Comentario Comentario Comentario 

- ..aII!!-.oI!I!!!!!L-..!!!!!!!!!!-....!!!!!!!!!!-....!- - - - - - - ----
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LABORATORIO No.4 

PARTE B 

BOLETA PARA ESCALA FACIAL 

Por favor marque bajo la figura que mejor descrlba c6mo se slente usted respecto a cada producto. 

a 
o 

C6djgo 

, 

.,.........._ .... _ .. __ .. ---- • 



CUESTIONARIO 

Prueba de aceptabilidad y Preferencia 
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PRUEBA DE ACEPTABILIDAD Y PREFERENCIA 

Producto: ___________ _ 

EI dfa de hoy, usted evaluara 3 muestras de pudines de chocolate, una muestra a la vez. 

Hale el cart6n rojo para recibir su primera muestra. 

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

C6digo. __ _ 

1. L Cuanto Ie 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 

Ahara par favor pruebe suficiente muestra para hacer una evaluaci6n adecuada. 
-- ..... ~ 

2. ,Cuanto Ie gusta est a muestra en general? 
(tamando en cuenta aroma, sabor, textural 

Gusta extremadamente 
Gusta mucho ' 
Gusta moderadamente 
Gusta ligeramente 
No gusta ni disgusta 
Disgusta ligeramente 
Disgusta moderadamente 
Disgusta mucho 
Disgusta extremadamente 

Antes de continuar con la siguiente pregunta por favor escriba sus comentarios sobre aspectos 
que Ie gustan y no Ie gustan de esta- muestra en la hoja final del cuestionario. 

"r - . , , -"{ -. I ,- .. 

• 

• ' ... .;1. • 



3. ,Cuanto Ie gusta el sabor de esta muestra? 

Gusta extremadamente 
Gusta mucho 
Gusta moderada.mente 
Gusta ligeramente 
No gusta ni disgusta 
Disgusta ligeramente 
Disgusta moderadamente 
Disgusta mucho 
Disgusta extremadamente 

4. Por favor evalue la dulzura de esta muestra. 

Demasiado dulce 
Ligeramente dulce 
Adecuada 
Poco dulce 
Muy poco dulce 

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

Demasiado fuerte 
Ligeramente fuerte 
Adecuada 
Ligeramente debil 
Demasiado debil 

, 
6. ,Como evalua la calidad del chocolate? 

Excelente 
Muy buena 
Buena 
Regular 
Mala 

7. Por favor evalue el sabor amargo. 

/I.. 

Extremadamente amargo 
Muyamargo 
Moderadamente amargo 
Ligeramente amargo 
No amargo 



I 
I 
I 8. ,Cuanto Ie gusta la textura de esta muestra? 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Gusta extremadamente 
Gusta mucho . 
Gusta moderadamente 
Gusta ligeramente 
No gusta ni disgusta 
Disgusta ligeramente 
Disgusta moderadamente 
Disgusta mucho 
Disgusta extremadamente 

9. LC6mo evaluaria la cremosidad de esta muestra? 

Demasiado cremosa 
ligeramente muy cremosa 
Adecuada 
Poco cremosa 
Muy poco cremosa 

10. ,Comprarfa usted este producto? 

Definitivamente 10 compraria 
Probablemente ,10 compraria 
Tal vez 10 compraria 0 no 10 compraria 
Probablemente no 10 compraria 
Definitivamente no 10 compraria 

I AI finalizar la evaluaci6n de las 3 muestras, por favor ordenelas en orden de preferencia. 

I 1. __ _ 

I 
I 

2. ___ _ 

3. ___ _ 

'I Por favor escriba las razones por las que prefiri6 la muestra del primer lugar en la hoja adjunta. 

~e 

• 
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HOJA DE COMENTARIOS 

Nombre: ___ ~~ _____ ~ ______ _ Fecha: _______ _ 

, INSTRUCCIONES 

:' EI numero de su muestra esta escrito sobre el comentario en el orden que usted 10 reclbira. 
Hay espacio para sus comentarios y para razones de preferencia. Solamente siga las 
instrucciones. 

Razones especificas de gusto 0 dis gusto para muestra No. ___ _ 

Gusto _____________________________ __ 

t t Disgusto ____________________________ _ 

Razones especificas de gusto 0 disgusto para muestra No. ___ _ 

Gusto _____________________________ _ 

Disgusto __________ --'-_________________ _ 

Razones especificas de gusto 0 disgusto para muestra No. ___ _ 

Gusto _____________________________ _ 

Disgusto ____________________________ _ 

I 
I 
I 
I 
I 
I 
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I 
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A Critical Review of Recent Literature on 

strdc.d. Pcry&m estimated tha.t prefer­
ence I.c.counts for 35-QO percent or the 
varil.tion in consumption. dcpendin, 
On the tC"5t conditions, and he lhou,ht 
it unlikely thl.t &oy other ainble uri • 
.. bIt. would be found 1.5 eJl'ccth'e in pre.· 
dieting .. ecept.a.biliLy. It hA!l eince ~cn 
determined th.a.t i5 percent of the uri· 
alion in .. ccepunte of a.nny food ca.o 
be predicted from preference da.la. it 
'fado,., of ulielYI .. mount of fat .. rid 
amount of protein lfe also LaJ. .. cn int.o 
Iceou.nt (Pilgrim d al., 1963). 

preference 

testing 
methodology 

PART 1 

Inaccurate use of tbe word "prefer_ 
ence" sometimes causes confusion !.s to 
the mclhod u~ed. It is not uncommon 
for an invc~tiS'&tor to report that 
hLhere ... ·as I. preference" {or & cer ... .!in 
Sl.1I1ple ",hcn ill reality he has assumed 
this ract by .L\.SCSSiDS' da.t.a. irom a test 
... bich does not mea.sure prefcrer.ce 
ptr se (Wilson d 41., 1960). 

A serious problem arisC3 with tho6e 
who recommend a preference. method 
to determine difference (Sh'Jki~. 196;). 
• Preference methods ea.n be u$td to 
celennine differences in preferenee, but 
NOT diirercnc:el per sei discriminatiTe 
test.. b""d on judsment (triansle, duo. 
trio, pair~ comparison) must be used 
Cor this purpo:5C. • Di. ... rereIlt:e tests 
sbould PJttCtDt preCerence testa; if 
tJotre is n.o dil truce. thtre can. be n.o 
prt!rrtn<e. IncrelSc-d recogIlitioQ of 
this Cad. might Il!!'.I.d to C~wer 'f},res.k: .. 
enns" in preference testing • 

S. H. tlllS 

THE PURPOSE or thi. paper ia 14' 
rcview recent publica.tionl r;Qncerned 
.. ith prererecce testing methodology. 
Put One d.al, ..-ith definilion, b.ck. 
ground and new conc:epLa and method •• 
Pu1. T.-o "Il"ill COTU the a.naiYlis, in­
lerpreLa.tioll and currenllt,&tus or this 
ir:lport.a.nt segment or the sensory eni. 
uation field. 

DEFlHITIOH 

PSYCHOLOGICAL m.uuremeDl tesll 
can be dU!lfied according' to the kind 
of p.yeholooical Cunctio.ing required 
of the subject u 

(a) Aff.ctive-testa bu.d on pr.f. 
erence, pleuure.di.plealure, 
lik.·di,lik. ; 

(b) Di!\criminatln-telts baaed OD 

judgment which -1 be con· 
cerned wjth di1fuenc.e per ¥ or 
dilfer.nce on •• peciAed dim.n· 
.ioa; 

(0) Uescriptiye-teoll requiring tho 
lOrtinr oat of th. ""nr lOp ... • 
bl. cjualit&liY. dim ... iolll which 
explain people', bthTior toward 
prodncll (P • ., .... 1Q5{). . 

Prer.mlee teolinr u uaed in tllia 
p.per ,..r.n 10 .u ./ .. ,iN lula ",.11 
Ott III "U'CI"'f'f"'~tI' of pr_"rl'fl«, M' • 

.~""r' 'ro", ",-'i.e. ,d.,;.. prl'''. 

....... , bo 4<1 ....... (pl ....... ,. 

d.fined by Am.rin. tI ol. (1965) IS 

Collollil: 

(1) Expression or higher degree of 
liking; (2) Choice of one objecl 0 ... 

oth.n; (3) P,ychologicol conlinuum 
of atrectiTily (pleasa.ntnes •• unpleu­
antness) on which such tboices a.re 
based. This eoatinuum il 1.1'0 re .. 
(~r .. d 14 IS lbat or d.gree or liking 
or disliku.g_ 

PreCerence is sometimes used in!u­
chanrubly .. ith Iccept.&:Dce. The tll'O 

terms are related. but they &rt not tpe 
same. ACCc:pt.aDce h ... beeD dCftDc-d by 
Amerin. " ct (1965) IS rollow" 

(1) An up.rieac., or rulu .. or .x· 
p.rienc. cha .. ctuiud by • positi .. 
(approach ill • plcuant) attitude; 
(2) Actu&! utiliutiou (purchue, 
.. tinr). :Ma1 be meuared br p,..f. 
... ac. or Iikinr for apeciftc food 
it.em. 

METHODOlOGY-SACKGROUHD 

THE ~[QST CO~mON mcthods .r 
mea.suring preferenc.e a.re ranking. 
paired comparison I.nd rating- SCAles 
(Peryam eI cl., 1960). Th. lat~r i, 
I.Iso caned the method oC single stirnu. 
Ius or absolute judgment (no e~tcrnl.l 
stsndDrd), depending upon its u~e 
(Pilgrim eI 01.,1955). 

R&nkJDI method. &r'C easily' a.pplied 
I.Jld interpreted. For t.his reuon. I.nd 
also beeause they antedated other sen .. 
$Cry cTllul.tion"techniques; Freferenee 
nnkinr test.s hue tDjoyed lremendoul 
popul.ritr· 

Th. main di"dnntag. of thes. ~sls 
is thaL they do no' mec,ure 'At d_gru 

* oC preferenc.e ditferellee bet_etn IIJU· 

pies. R«cnt UlC'S ot the ranking teethod 
Preference ia only ODe ot O1l.1l1 lae. include that reported by Monc:rlelt 

lora inyol .. d ia ''''pt&bilitt, but it ia (1966) with 132 odoranll oad 12 
&n .importa.t r.dor. P'I1.I1I. tI.L jud,.. to d.~rmin. trend. in odor 
(1860) d.teZmioed the ...au .. pre!er. prer.,..n«"; o.d with 10 odounll IUd 
.DC. of .. rio", food. br bedonic tall. 500 judges to d.t",,,,in. ,ea ... l prer. 
.nd m .... ured the .... pt&bilitr of th... • .... c. n.din", . 
&lDi. food& by quaatit&ti.. m.thoda no paired c.mp&riJo. t,,1 is .. id.11 
auch u d.tenaini'r the perce.t of .... ~ probabl1 bee& ... of ill aimplicil), 
t&kin, & DOn:W proporlioo of rood, '!" ncI .... ot • pplicalio.. . 
th. proportiOD of & .om&! portioa It b ........ 14 be .... ,.. .cc.pted 
.onawaed. Comolalio. betw ... pm... ,Pnctice thaa ... luatin, &lmpl" one 4VpU ... rt.likt .... lik.~ I'rdua .. .. 

\":'" -; "i"'- ~'l ft.' • .. .':.' . .M .' "'!&billt·, .... "-... ,<., &I. tim. (c.rroll, ~Pa3), II hu been 

'. 



-I' u~ (n' Ill"tumiM rrC"r,.rence with &.l 

nil"r u 1,(1n~ jmlKr. (Shnnne d d., 
19M) .. 

preference testing 1!1ethodolo(JY .. 

, 
1 

I 

-1 8c:h,If.'a "'<lhn,1 (1052) oC paircd 
.. (orop.riAno" proyidea .. mean ... oC ulc· 

ing ldunt&ge oC the intc"e1&lionship 
_/ oC th, IAmpl.. in order 10 build up 

l 
prtdlion on cerlain contrulA (CarroU. 
J903). It indndo .. ,.conos ay&tem Cor 
drgt«:A ot prererence; e ~., dron~ly 
"3", moorr&tcIy u2", alightly "l", lnd 

._, no prer .. rence 110" which exLe.ndcd to 
the ftliuUA _ide. bctom('.1 ..... ~yrn.poinl 
,('&.tt. A t'lu~ nlue j" UAtCl \Then the 
'~nd Jl;&lnplc i, preCc:rrc(t Orid;;cmln 
(1081) u'Cd I nri.tion oC Schc!!e', 
method in which be dropped u'e ncu-
trsl point. 

V,riOU\ nUnc .caln hl.Te been de-
.. loped ror prermnce t"'tin~. 
. The bt-o.l KnOyn rding. loesle is the 
nine.point hedonic: ,cate (Crom "like 
ufrcmely" tn udi.like extremely") de­
.. loped l~ the U.S: A=y', QUirter­
muter Corpl ror the purpose of deter-

. minin,; prehrenctS LS predictors of 
I""Y food ICcep(.bili~,. (Per)".:n tI 
• 1., IgS2). A utin~ ".1. Indhod w", 

f . 

.• elccted for thil purpo •• beel",e the 
flni,ing te~t w" coruidere:d too im .. 
flr&dial I.nd the paired cOlnpuison 
test 100 inyolved for I large numbor 
01 lImpl .. (Pe')'lm tI al., 1960). 

Vari&tinnA of the hedonie scale in­
~ ) elude five, "ix, ~e:Ttn lnd ei~ht,pC'1int 
i. saln. Jon" II at. (I9,sS.) determined 

:~' .(1) tb~t"ion.'r·lc,l .. up· to'nine 

t -

icu"aI. ltDd to be more It.i1!itiTe to 
pnCerence di~ertnces: 

(I) lh. t elioin&tion or the "neu .. 
tnl" ,d'go,), leemed to be b.ne~ei.t; 
I'~ 
. (3) thd b&IInee (an equII number 

of po.itiYI I.nd nesdivt interYllt) il 
Dot 1.1\ nKntill future or .. rdinr 
"lie. 

The QM contin.ed to u .. d the nine· 
pmal ,ale Cor the like oC tlniCormity 
o{. r ... lto. p.lmcr " cl. (1966) re· 
pot!cd the Ul< ot tho eight-point 1 .. le 
wit.A DO neutul poiat Cor the eT&.lua.­
tiOD of tou&,hncu dil1'crellecs in chick· 
tel in. tennt ol consumer re.a.ctjon. 

Elimin,tion of the neutral point in 
• pnCercD .. retin, lale. prcclQd .. the 
poaibility ot the "no preCere::lI:e" Tote 
&ad Coren .. choice. Prnpanea~ of the 
lorced<hoiee .tate the loUowicC ad .. 
TuIapI oC thia appro&eb: 

U) iIIerelled transmitted inlorma. 
Iioa (Jones, " a/~ 1055&)1 

(I) dilCouure",cat ot luiaa .. 
(Qri4c.mlUl, 1Q51); 

old influencel (Baker ,/ oL, 1QIlO; 
Panghorn d c1., J96-l): 

Argumenta againi!l & forced choice 
include th, I .. k of r<.ard for the in­
ltl:rity or the rrspnndent who 01&Y 

wish to Tote "no preference" I.ud Ihe 
dlne-eor o( detennining .. lignifie&nl 
I'rdcrence (or one umple over Ion .. 
other when there is no trtlC prc:Cerence 
Cor either I .. nlple. 

Ferri, (1960) rcport,,j it • "ell 
Ttcnsniz.,ed phcnotnennn (in no·(nrccd· 
choice preference tt'!b) t..~1 t many re· 
.ponrienb indiale &. preference even 
lhou!:h they rCllly hlv~ none and 
"hould be indic&.tinb' Uno preference." 
This phenomenon .,.." ltlributcd to the 
Cut thd the re-sponcenh ... ·ere in .. 
test situation nnd lhere(nre tried .. 
little too hud. rn Ilitcstiuns like these. 
Ferri, lu~ ... tcd they ue innuenced by 
c~tern&1 factor'3 ,uch a'\ onlcr of ta.st. 
ing rtrcd, or hiu in coelin:: nf the urn .. 
plcs, to indinte & pscudn-pre(erence 
Cor one or other oC the ~l11ples • 

Com,.,.Un Studl ... , Method, 

COI~lpualiYe studies of paired eompar .. 
ison a.ltd n.tinG' setle methods hLve 
been rCflort(.d Cram senral sourceS 
(\\"eYer, rf 0.1., 1923; PCanm&.n, 1935; 
nlrnhart, 1936; Hedlund tI c1., 1954; 
Pil,rim II al., 19.;)5; Simone d GL, 
1957; ~[~rph)'·,C c/., IQS7"; Grid •• ml~"· . 
1961). 

In ~encral, the evidence indiuLe:s 
th .. t the paired cnmparison method. is 
Inore sensitin t.'-I&n the ratin&, I('ale 
method. n,till~ .rale method, em­
ployed iD thcl4 ,turii .. incluried .ingl • 
.tin,alu~ hedonic, p&ired atimuli he­
donir..!.nc! ClUaJi"ty Ie. leI. 

There W&IIi iomr in.lic&tion Lhat the 
aingle ltinnllul hc-dnuic method. 1"11 
nlore &ensitive lh&n thr paired stimuli 
h.donic metbod. Simnn. tI c/. (1957) 
reported the .ingIc "uU1ulus hedonio 
&pproxinl&t~ tbe prrdsion ot the. 
pLir-ed comparilODt &lthough their tlnal 
conclusion wu that the paired com­
parison "&.5 lupcriof to Lhe hedonic 
meU,od • 

Hedlund d .L (lQ54) obseMed ih.t 
the degree of dilreren .. bo~".Cl1 two 
prod~eta might inh"".. the ... ull! 
"hen both are aened aintuH.&neous)y. 
Pil(rim " GI. (1955) determined the 
hedo.i. , .. I.- method IUId the paired 
eomparilOa to be equ&lly .. nsitive 
"beth ... th. dilr........ ill prefer.ace 
1I'U ~ or .maII. 

~j-"'.. IJI &110" ..... ot ... equal eh&llCe 
ia faTOr of either I&IJIple (Oricle-, LINt...,. ,-..... '_11 .... 

.' lHl); ~. c... ••• ,..... -.~; 
- (f, ue ot th itlirable e'lul ){"l. .. d mw. bTe bail· p..l>IiaIaed .oa 

i..l,' ... IMIna! oe:aIe (Qri4ctmu.1H1l; .... IIae • .mcaltiea of eoiftIalinr amaJI. 
'CP lin = el poC.atlol ~'4- Kale 1aloonIo.,. p&Dda~willllarp oeaI. 

•• '". -' :r •• - - ::." 

(on,amer t~La. 
JUfTtnlpcrp;cr d al. (lO!i!:,) rrpucL 

that the u.5ual di:1:cully U,nc)l that. l&b. 
ordory panels e.re too- 5cnsitive A:td 
find ditfertnrcs that (on'Ulne~ e.a.nnol 
a.ppreciAte, but li,t)le oCkn lhl\l ~m .. 11 
panels cannot lind ditTerfnccs Ul&t h ... vc. 
~en decidedly c!emon:sln.lcd hy ·eon. 
!uEler .. pr.c!erci\cM. ... Amerine. d _":. 
(l965) report that Ihc l.hor&lory 

Ll"9ll? is cucft:l1y selected, hib':lly 
!t:!..i~E. and hypercritiC-a! a.~ (or:lpar~ 
Jg the gental cor:su!r:e!. 

Plnbhorn ,/ oL (191H) .:..at<d ,h.t 
preCuences of I. small p!.nel (11 
jud:;~s) oC miik experts; 'Were or little 
nh;e in p:edicting prefcrence~ of 
~lIilk-drinkin~ COr.S1.::1ltTS. Ellis (1963) 
rri10rtcd sin:iLa.: :::'1dinf:" ... hcn cnC1j1~:-. 
in; the' preference raliliS' of $ix ex. 
perts \I,-ith .. !a.rg:::r con$umcr p.snei of 
~aG persons eva.h:a.ting br!nds oC beer. 

There i!CO ,tncrd sG'reemer.t th.st cor.;. 
p,nsons of sm!!l Ia.boratory or pl!ot 
cO:Isu'mer gToups !gree fairly ':Oe:1I 
Y'ith luger COi.!u:<:er studies in din~c­
tion, but nnt in I:':s,nitudc (Amerir:e ,I <fl., 1965). (S:n.tll&borst."y or pi­
lot consumer ,.ouis would USU&Uy 

eonsist of .. :lIi:li:num of 24 se-Itcted' 
p('~ns rather thin the 6 or 1 t e.:tpe:r..l 
re{('rnd tn Ahon.) 
. ~rurphy </ cl. (IDSS) reporled th.t 
(Anldn, nlethocs more: ncul, predicted 
consumrr·preie:-c::.ce oi sardh~es d:&:1 

did paired pre~e:::.t&tioa. 
C&lyin ,/ cl. (1959) iou.::d good 

.I;mlllcnt behreeo a Itudcilt lAban.. 
tory panel.lond .. household CO:15u=er 
panel with the hedo!lie lCAle fur ·u.n· 
Oll! producls. Pe,),&m' ,/ .1. (1957) 
:elched the unle conclusion W'hcn com· 
parlnr & I,boratory panel &nd & aol· 
diet consumer par.el. 

Clul ,/ .1. (191;';) report.d & 'tuay 
on hee! soup ... -ith inosini.te in which 
ninety percent or tbe con!'uracr pl\nel 
&Iso discerncd tbc ~&vor dilrercncQ b-e ... 

. t ... ·tcn the eon!rot soup ,ad the i:Josi!l. 
ate soup which h .. d .bee.n obsc1"'Tcd by 
the laborltoz;y p:ofile poncl. 

C..,'l'bon ., T ... C.n"u'"er f,,..1s 

Week.1 " 41. (1962) iueloded a com­
parison of two pUlets in a study OD 
the el!eet or Idded lug a.: in anncd 
cora... A ltt,dison. Wisconsin, panel o( 
814 Comilies "" compared with a Kro-·, 
,e. pInel OS <e.~r&l ,tates) oC 590 . 
fLlllili... The ~!,disoa p •• cl demon. 
strated & rrel~er pereenta,e of prefer­
..... TOtes (or the lo ..... t IUbai le .. 1 . !. uWa iii the Kro:er plUld. Ho"eTCr, 
1M )l:aclisoa p&IId 1rU asked no' to 
uk. "'1 adGitloaa to 110. cora, .. bil. 
the lCropr paacl .... allo"ed to odd 
aaII, popper or ktIU ia .. ..,.iar the 

_ ~ .• .lcldi~~.!_~i~~ ..... 1;- :~ ~ -.-..l 

I 
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••• w ................. I r;..v..c."",-l 

hu. lmcn,dlh. 6 .. 0. '1f"1 o! od,lcd 
j.¥~~~ner. Tho ·panell 19ree !irrlj 

r ,..11 on th. drop.ol[ pointo! pre!er"". 
j lotes lor increuing .. mounls o( IUb'f. 

e •• 1 d,'r. (19S4) reported good 
.,r .. m,nt bet ..... n 1,..0 ditf,nnl ponel, 
"illl differenl instruction, .ad qu .. • 

'I li .... ir.. "hen judging httl IOUp 
"ilh inosinltt. 

,1&<1 d TUII"g 

PrtCerente It!\ling C'tnerllly ukes 
'[Iu.ce in booth$ in stote,. lobbiu, fJ. in, 
trinsporhtion centersj t"\ food 1IIsr­
)(.eb; in church, sehnol or duh dinin::: 
roomsj or iit mohile unils ~·ltich oprr: 
ate in ","ell.poput .. hd t.nd trl.yclIcd 
artu (Simone cl nl" 1957; COIC.llllll~ 
1964; 'Willi!.llIs (f al., 19G3). 

AdYlnt!.gt's or lt~tillb in s\/ch puhIie 
pluts (nt::er than in the home) in­
clude th~ fol!o;l;int:: 

f • the fesruchcr cln nl1inLlin con-
'} trol ovcr product haneling, prep-

I ""Ai' Irltion, senh~6 lnd q:.:cstioninb 
.f' '!'" or the con!tUUlCrj 

. ; .. only the Ra.\'nr chnracteristics un-

I 
I:" 

• 
I 

• 

I
I der ~ludy ran influcnce the con­

lUntCr; &nd 
\.. the chll1C'e or inc:orrtd cllfrits on 

qot~tiontu.ins l~ 11lini:'Ilizcd. 

; : OrolJP t~tillS' 1.110'1\',5 th(! ltimull.tin~ 
.Ittrtct ot con\'enAtiond rcull I.l:100g 
f the CQnS1.l.lI1e:-s in aharing uperiellc~s 

q" lnd opinions Ind dL",cussiol1s cln be 
\ t.a.~·recoTded in I.ddition to 511ing nut 

que.stionn&iru by the. partiei?,nL ... Re­
corded comll1~nts a.re of gretl illlpor­
unci in C"C' of horderline dif.tnncC'S 
0: ..-bere ncondary hste c;.a:ael.eris­
tics lIe of interest. Th( ton( 01 eoj:( 
e~" b( mOrt i1lumin~ting than ,11 the 
writttn c:nmRltnls (ColcUll.n, lSS4). 

l 
HOnl, testing ml.y be use-d tor ill1-

''(91 puti&l apprl.isa.l of prodoclS when no 
~/'. l.lhels or o:!-:er e:ompa.ny ice::.tifiel.tion 

is ."d. In c.v.lopm.nt ,.idln« t"t· 
inC', pre,se1edeti stratified hntily p.ln· 

',Ii or fiCl)" .. ch .re ","oily I&:ge 
tnough to E"if'e di:ec:tion&l rU'Jll.!. In. 

I 
"l, latNclions for prepl5.rltio!l llld use of 

,.pro \t.he products And questionct.i:t3 tor 
"f ,\ .. ch f&mily m.mber to "dult. th. 

\producU &r< standard prQudure in 

I J>01ll' lating. 

I 
I 

.' 

I { An .d .. "~. of thc h,,,,. t ... iog 
, /' m.thod is lIl.t betor-a (auch ... th. 
\,~ \ pa.cEa,e, appura.nce of the uD~,kcd 

• I product, the cookin: &Taml, IDd be. 
~',: . b&Tior in h=dlicg) -whid\ rn";t inn,,· 

i .... o<C'pt.n •• be!o .. the prod •• ! i& 
i luted CA' be ... luII.iI., ' 

Di"du.tl,u include (I) lou of 
control in prcpara.tion .0 lhat im­
proper hlndlin, or mi.u.d."I&n,dinr 
of direction, ""11 ,&u .. poor accept.. 
,bilil1 o! I product CD Wlinr •• nd 

(2) n<i,"ndmtl.ding of th. q ... tioa. 
raire In'I au~e incorrect entries lnd 

'thus I .. d to "rong eonclusions (Col •• 
min, 1964). 

ru(.,,,,ee TCltlftl TfC"ftlqlolu 

~rotiTl\tiO:'l. &.nd ptrson4lity techniques 
1fe lomttimu u3ed to u.sess preference. 
dtlerminins- (&elef'S in consumers. 

The nl0tivltion technique of the 
depth intcnk ... ·-a. t;ec &;')d f.uib!c 
eon'o·c:s.alion btl·,("ccn intervicwer Ind 
(orrespontic:-sl-an he used i:l s!:,:cY­
in;- cons:.:mer pre~c:e:1ce,. Thi ::~b(:'ICy 
or &Pd!'iy of he. l.t~it~dcs .r.d· "';out 
part thcy p!.!.)" in t::.sl proc!.:ct p~der. 
enee are. re'I'cil!eJ ~~ro\:bh the rcspor.. 
dcnt· ... inlel"\·icw. P.!Uerns O"o1t:-tt the 
toa~Ulllcr in ,d:en :c.thCT th:.;'I. ;~o~.lted 

tltiturles .. rc so\.:;ht (AnonYI:i:iU3, 
19r,~), 

The depth intcr.·:tw ls,b'ener&H:-r sup­
plemcnted with ether lethnkt'.:u ~;;c:h 
J.~ thl! l~iC":J;e Du\\·i:1; Tut-So p:-ojec­
live: pcrwna1:lr lC!lt in which .. r'c~?on­
dellt j, ~ivt'll , hbnic !heet o£ ptper 
"rid I. 1"'l1t'il c:1n Hkcd to dr,,", a. pcr­
son nf the .5!1:1e: sex. Rcspor.,ler.:s :t· 
Vl"aI thCIIIH·"·C"S. ia .. varicty of 'WI),': 

l~e si1.c of the ii.;ure du ':'i11 iensls 
how bio- .lId i:llflortsnt, ur hoW' sm .. U 
lnu illsi~l1in(,l:lt tl:e re~jlonde:lt fe!!s; 
al:d the: placC"lUent oC the figur! in'uls 
wht'thcr. shc is- int.o\'crtcd 0: e:tro­
nrtcd (.\"noll)"lI1o\:S, 19fH). 

Dc\·ic,,"S UI:\·c)opcd for Itltls-.::i:1g 
cou .. ultlcr prcicrc:'1ce oC p&Cks;in& b­
duoe the 

• Stc:~·Re.!tr (cctcnail1c.s wh:dl oC 
t\\·o .stimuli comillltes l\ratCneS! 
by prt'scntin; .simultancul:sly and 
mouoeuiuJ,r) ; 

• a. ViSOlO- V,l:.:t! Rater (meuu:es 
speed Gnd t!~~ fIo'ith which lny 
visual cli5?!1Y C':l be rccogniud. 
.cd .ad); 

• the Siz.e·Dis~.!.~ce Rster (muSUi(3 
lppuent si:~. '?parent cistl:lCe, 
s::e (onstt:1q I::d. emert;enct ot 
!tttures wit~ ch::;in~ dis:.a.:1ct) ; 

• the YJ.n Rosm Visiol11etric Corn­
puder (nltu:au nriolls ptrcep­
tol! coacept> or pach;;. d,,;~. 

"II"hich nlake the P&ekiCt t~t(tiYl: 
in the nl&tkd pl,ce) i lnd. 

• the Lutoll1&tie poll ta.ker (elhni­
nLte:s the inte:vie .... er). 

HEW COHCE~TS , METHODS 

~EW concepts lnli DICthods reported 
lor Ule delernlicAtioa. ot preCuence 
inclu~e: L ncw type of pita.' (onsume:" 
pon,l; t~'- rood ,\dion R.tin,·S"I. 
(FACT); thc {&.cia1 hedonic .calc; tbe 
.. m.ntie ditr ... nti&l; the trend· .. tinr 
trlclhod i and papU fCfponu naeUQre· 
ment. 

A H, ... CftlC4pt In Pilot 
(A"'1U,U' Tcn'", 

·A Ce. concept in pilot conlume:r tco.t. 
ing is b.ue:d on the prtl':1i~e tbl.t t!-.e 
rood ,product it.e1C.:.. .. ,,?r.,enl,d by 
it& 'Cle ':1d Icnsory prope:rtit.!--is of 
tlnt coneem, Laking priority over ma· 
cn&'lldisir.g t&etk!, packlg:!'b I.od c:::­
Teoi.nee (Coul d c/" 1959), Secn • 
tut 11111 be: .In I.deer.ate prtccce-~or 
to I. rurket t"l· proviced th'l it :3 
c"dully d"i~ncd, It "ould bo ", 
.signed fo defcrC':li~e ~r.e:!-:~r or r.:t 
the product I.chicYe! t~e tor.rC'pt t~c 
producer hul in mind ,..:;e:1 he :'oct c.;! 
tn dc-velap it. 

T"e pi!ot ('nt1'lIl1l1'!' pet! "~0l!1.~ :,e: 
thMC'n Lrcnrrli!1~ tn t~e :ol!owi:1;:' te-st 
nhjccth'c~ : 

(1) I. mr.rii:iC'l.tion o. il:".i';o'tC:::~:".~ 
of t~e cur.e:ll pro!"bet; 

(2) ., repl!tct:1le:t! :c: !:1 ('::!~t::-~ 
onti 

(3) , ehlllenC"c;' to So cOCl~ti~i.e 
prod;.:ct; or 

({) " new p.cdcct "hbich hl.~ :0 
prototypt. 

Pl.neEst.s are: se!e(:~t': en t~t b!.!:! 
o£ t!-:e !ollo ..... ·i:'I, qu.:.E::'c!.!ions: i~!c:. 
est, (ommuniCtti"'cr.es!. ~isedl:'l:!':.!.!"::' 
[nod huying hAbit.! I.~ci i:1tdli&c;;cc. 
The pililosophy in stltctir.g -S!!ctt .!. 

par:.el is t!'II,t Iti! the p,cc:.:ct p!c!.~C'! 
. thr!UI, it lit:tly ';I.'ill pl'!wt otncM v:hc!~ 

qulIity !!1:;ducls ro.!.:, be lco;,'er !:::;! 
""'ht) ue ioilowfr:s r1t~c: t::'!.!1 le!.dt;-s" 
(C.,I <I ul,. 1950), 

Th:s new type of ?i!ot e:or.!'.!:',·C!' 
pantl hI!'- heen defi::ej fOi" ,>er)' S~!· 
cine objedi"e5 diree~e'c to,=,,!.:,d t!':e :c~~ 
product r!!r.e: than' to"·I.:a the rc~' 
~;lIl'1er-s tl-~llIselv(5. It shnuld root he 
tC)nfusc:c .... iLh tl'-e \:5'..:L1 ~m&.n C::l~' 
~Ulner test b ... ·hic:h· I.!l e=o:t i,,. nl!.~~ 

to ,.ele~t &. popu1l.tio:1 :t?resent!.l:i'e 
or tlte intenr.~d tHiCr'!. 

Food ..lctiClft R.diftSl $ulc (FACT) 

Th:.. tn" of ,u«<!Jore Clt •• O:;'· 
ra.tin&- scale5 u.sed Cor j'I:eu;J.rement o~ 
food dtit!:et! iTe! C\'..:.llity judbme:'l~i 
like-dislike a:!e('t: !~d a~t:on. 

A tine.-"oict suc:cessin·ca.tt~nry food 
"ticQ ntin&- !c: .. le (or mu..surin;; fcod 
I.cceptance ..-u de1tlope-.:i br Sc~u!: 
(1965). n. FACT ... Ie "0 bo ",0 

in FibUre 1. It reC\ui:es t."'e indiTie'..:~1 
to be tcry specific .bOl.:t ..-hlt lctin::l 
he "Would tlke in terml or the nunlla:r 
of timn he 1C'on!d h,. inlcfe-slcd in ,. .. t~ 

. ill!; I Cood product in I !;inn pcnnd. 
A lale 'Cling nine·;20in:.a 'k'U chose:1 

to pennit'dirtet COlllp&rnOQ aC the ne .... • 
J(1.!e with I i-rdonir lede in ordtr to' 
It:Jt we!ulnt'5s u • tnot in I 1.bora1o:J" 
ADd in 1 IUn'e,. qUC\lioI1Da.irc • 

Campariaon ot the ruulu .hot\·C"d I 

b;~ t:orrelalion. The: diAlributinn' n{ 
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COCCi: 

1 I.wt..:J [J.T nus IT .lUIUI!..t 
HIT ~ Jlet '-0 o..t cr I':T "J)..T 

I ~'t LUI It 11 .. -: \.?:~ 
tAT JT. QC U CCCAS1C1t 

i ~u x.u.;LT 
UIl ur ':'1111 

I VMD U.T ':Xu OIfLT 1T ;XUC 
k'tlt 110 ontl 100:) c:xOICU 

I \.lOUUI (.I.t nus It t 
vue tOlCt:t to 

~cn. , KJ:Ti'X , loA.n 
n,tjn~ .... &.3 lC1JI .h .... td (or the FACT 
,cl.le lh&.Q for t.!:Je ht-Gonic. 3u,lc:, l.::d 
the FACT Ec&.!e WI..! more :cn3itlvo to 
lood difrcrcncC'1; lla.n the heclonlc ec.a.1e. 

The rupt;rioril1 oe· Lbo r'" ACT ,cale 
eould ~ due i:I'put to the more Tulis­
tic I.ttitcce thlL o::e hu ..... hen one 
maktl &.0 "clio~ It&.te:nenL nlhcr tha;'l 
.imply 1.0 I.e'ec!ive one ccr.cCT:linb' 
(ood product. (Schul:, 1965). 

The FACT ~ca.le is noL mc~:-.t L5 .. 

rtplLCemed Cot' the heeonie .!u!e cr 
other .. C'edive :=:.ethcGa. The ot.!-.e~ 
(.In be l..sed wi~:" t!ecti\"C:;~ 1'1 e\'I.::':· 
!ting the !?t'Ci:e chr&c~cri~::C3 of 
Cood .uch 1..3 I.?~ .. ~::ce or :.c::lt:.re. 
The FACT 3C&!e cln only ~e !;!ed u 
an on:·All IIIeJ,s::.ement cf r"''''lri I.C­
eepta.nce (Sc~.·.!!:, 1965). 

The FACT s.clle h being \:sed ,t 
HunL.Wes..'Oil :C«5 (',..here it ~L! C~­
,eloped) ... "e!1 ..., by inc,?e:,deot 

'. m&rkr.l rcsCl,rch gTOCps. 

f.clal HedonIc Sui. 

De:scripthe phase.! ml.y dt-rc:- b7utly 
in 1mbig-.:ity (JCi.es ct Cll., 195~":l) .!oed 
problem! in !err.&:':tic:s hl.~e ar.se:;, ~itb 
the v!e or ce!crj?t~Ye :I.tbg !':!.~t"!I_ 

Fla. 1. F ••• Allilv.I. Roling F.r .. ror FACT M,ch ... R,r",o<" Schll, 
l~aS. R'prioct. by kind pcrnliuicft or IA. 1."ilvl, or F.od T,.h""lo;illl. 

P<ry"m cl al. (1960) n:pc,:ed ,,':.t­
jud, .. d,."n {,om tl:, r..BiL1ry :<occd 
to l.Toid the rtIPO;'UC "d:.sIike ;:,;oeu· 
ittI)," in the ~edoDic sc.s.!e. Jo::es 
" .1. (19550) " l ,lucy or P'j'~lO. 
phyaic.a.1 J.eml.:;!;cs !cu::.d that L.~e:e 
Y&.I cO:l!c'sion Lmo:',g Illch aolcEcr 5".Jh. 
jeda ,'bo:r:t the ~eA:li..":.S' or :.:~ ph:~. 
Some pll.ee-J it in its prcpe: rel!.:.io::: .. 
3hip to the o!~e: ~r.:':.; ot!.e:-3 .-a.:.ed 
it on Ute "liJ,;e." !:ce c! u.e ,a~e. Tbe] 
eonetuc:ed t.'tLt t.!l:' ,,;oM re!&ted :0 the 
eoIJoquil.1 \ae a! U~oCe;ite" L! I.=t u· 
prezsioo of r::Hd I.ppreei&t:on 1:1 :"~e' 
KIlle of "good:' or lib Ton-bie." Ib'.!! 
, cODtn.dictio:l 1I"ould I.nae Cor lome 
people ,.!len t:'e yord '"U joined "';th 
"Dulike," I.nd they 'lro~ld ft'!otTe tbe 
coa~iet bI lvo,di.:. ~.,. <:&:<.'1'7. 

o o 
'UAU CHECI( THf lOX IIHIlU THf 1/01111 
WHICH IUT IllSCIIIU HOW TOU fllL 
AIOUT THIS '.OIlUCT. 

o 

Tlo.2. FG<i4J. II' ..... S .. ·, D,.dop,. by I~' Co.ti.,..· 
1.1 Cu CO")I00y,lo .. R,r",,,,,, EUif, 1961. R,p";·'td 
~ l:ilO4 pm.;" ... or 11, Soddy or sorl Drid r,el .. l· 
-,i-I .. 

Simoa. ,I 01. (1'57) oo..,,·,d tht 
pdred hedo~ic teat pnticipan:.a wt:-e 

truatn.td Y'e~ ~"ey "liked" the t.".. 
'. 

rua LlOl CUD VUU !Hi tolIH1T 1m I(lQJUl 1O<J1 0'1\"1( otIIlo.. 

IIU I'IU 
MAII'T'R.1 ... ...., ___ ..,,--.r k=R11iB.1 

~~~~~ 
I I .'J • I 

Flo. 3 •. F .... I 11, ..... S",I, Dtotlop,. by ,A, 0"" 
Moy ... CO"'P""y. R,r .. 'Ol<t: r .. ,." 1~6G. Repri.',. by 
1 .... p,",,'''''. or Ih 0,,0' May" Co .. P""Y· 
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umples ... iqy!-!Iy, but ba.d & prcCercnc:.e 

I .. ior;o'pe-&nd CO':1 nd no pIlote on the 
~ ICOr;- IJ ile'e-l';"""hd'e this inform&.tion 
t-could be recorded. They conduded lhd 
Jlhis method c&u,:d mponde".l3 to 

I -til.tace. mOTe emphaSIS on comple.h.an ?f 
~ fe3pOnSe ~hc:et thAn on pr«l.SlOD 1n 
" •• ""., difference in des"e of like· 

modifi,d hedooie ""thod .. hich 
to minimize eon-fusion due to 

11 the facial hedonic or 
SC1!e. In this mtlhod, 

the debree or pleasure, or 

experienced by the ~ub. 
ne:utrs.I rice is the mcd:a.n in­
These scales ma.y consist of 

st!:'ren or Dine fLee!. Figure:.! 2, 3, 
Ind S !hoW' exainples of the (acial 

"~td(mie seale!. DatA is tre4ted in the 

1 J.&me m&nner u lor the :.vora hedonic 
.",Ie. 

Little publish,d d, ... is ,\·,il.hle to 
.apport the reli,bility of thi. m,thod, 

I hut its (,irly widespread usc indicates 
"{hit the nathod is con.sidercd to be 

N ... ( _______ .JNo __ 

ACaPTANCE EVALUATION 

P'ttUC i!u!icuc rOlllf out.,n tCU?U. 
!xlit7 o( t'lCh ul'I'\plc br ched:.I"' opP'> 
,ill Ihc (.elll u?HJlic .. , ... hie'" but 
npttlctlll TO.t ICUpUtICC or "eta prod. 
Kt. Pltllt' Icd COtl'ltfICI'IU .ho"" nch. 
LlllIpl. " &h. bonom 0{ dllr: Ihc~ 

Sc .. ple No. 1 s.,.pl. No. Z 

, ~ I" ~j 
1 ~ (j:.~ 

---. ~ 

1 IWS 
I 

t':"_':J 

g",-~~ 
~ 
(""'''', 

I fjJJ 
!fE' 

I ~a 
c.. ... u; 

1 FlO. 5. FoMl 11.110 ... S.ol. D.· 
""1'.4 by Stoi{l .od C.mp •• y. B.I·· 
"""" Sd...u, 1961. B.prittl.d. by 

l ",liU p'"· ...... ~ ./ S"I' ."" C.",· 
~.,. 'i - u. 

! l « 5 7 
Jot CIt.LS 

2 l 5 7 

Fla. 4. Foeial 1{edonic Scale For Children. Referenee: 
1$"'llls, 1965. Reprinted by kind permis,io" 0/ t.\f Jour.:sl 
or Acherlising Research. Copyng'" 1505 ":!c!t:er:i..!in.g R,. 
learc" Foun.d;:rioff, Inc. 

both reliAble l:'ld sensitive. GenerAl 
Foods, OSCAr ~rl.yer, Contiaent.a.1 Can 
Ind S .... ift a.re ':':'ionS' those who rc:gu .. 
lul1 use lbi. """'od. ' 

ODe innsli;;3.:cr \.:sing & se:ve:t-poinl 
- scale reports thlt there is ... "pI&y" 0::1. 

1.11 ruC'S a.nd thl.t this sule is man: 
sensitive th&n the seno-point ""ord' 
hedonic ,ca.le. 

Well. (1965) found that childr.n 
.' 5-7. Y"~ old ."d this method )<.11 

I.nd that they .lie much rea.dier to use 
the bees th .. n they &re to use words or 
numben. The method 'ppea.rs to &110" 
rood comrnuniaHc.:l ~dth respondenta 
who do not seem to hl.l'e Iny difficulty 
understanding -.rhd is re~uired of them 
Tel;&rdle .. oC ••• (5 y ...... or old.r), 
intelligence, edt.c!tion or even ability 
to speak English. R.ferenc .. for the 
tadd h.donic n,.thod in dude Schm.l. 
(1963); Ellis (1354); Wells (1965); 
,.d T"edt (1965). 

S ..... tlc Oiff .... tld Meth.d 

RecenU,., semIOtic differenti&! t .. ts 
h .. 'e been used to ler.rn about eoo .. 
lumer desires ,ad ru.ctions to til. Tora 
(Moo .... , 1966). 

This type .C test is designed to find 
oat "hich demipti .. m.a.sur.. "all,. 
describe the fiuor oC the food. Can· 
lumers are iiun either , ling!e list 
ot "ord. d .. crihinr • dnor or t". 
p,rallel lista ot "ord. "ith oppooitto 
m"nin~ ( ... Fi~. e) 'Dd· "ked to 
ciTe .. rrJatiTe numencd .core of their 
opini.9.. ... rq;ardinr cadi lute ch.rac· 
twtio. 

o.rcod tI .z. (lV51) pro,ide a com· 
pl.te description ot t.~. lo~ .. !lH anc! 
.. ala.Iioa oC !hia ",.thod .. 'a obj ... 
Ii .. ",e .. are of meuinr. Some .ot tile 
.. ajor .d .. ai.;.. ot lbe oemanti. elit· 
t ..... Ii.1 .... tII&t m&D,. dim .... io .. 

, 

an be explored in &. short l:me 4:1d 
that it is eL!Y to I.crr.ioisler (To;;oecit, 
196a). Serna.r.lie di1!eit:lti~1 t.c!~ e.a:l 
be conduded by ::'Ju1. F:bUre 7 !ho .. s 
a. sea.le for ra.ting &. concept of &. pro":'­
uct. Fit;Ure S shows proIi!t:S for ~;e 
hypothetied T&.rl1bles judged on :-::re 
different ~ncept !ca.le:s. 

H.nlOn (1961) report,d the Gaphie 
Sema.ntic Profile z.s &. method for tis!. 

• ca.11::tg' betr. A ~e!S'h~ed &;e:~ge scort 
is obtained for each :&1'or cha.r!..:~cris­
tic and these scores a.re plotted on 
gnph paper. 

Th. imparlAnce of the gr. ph Ii .. ;a 
th~ proximity of the two profile 1i:le5 

to one Another. The Arithmetic ;f'!5';l1:." 
shown by plottin!; the weig-htcd &.Tcr· 
a.bt'S h&l't to be en.h:&t.ed for ~t.&tL'Itiet.1 
signifiance. (RinseD giTC'S DO cet4l!s 
on ho.... the s!&tislic.al Ln&lj!.l.s :5 
JII,d .. ) Desir,hility oC uisnificant dif· 
rerence depends on lrhether i~ profile 
line is to the le£l or right oC the co,· 
trol beer'. profile lin •. · If the t .. t b<er's 
profile line i. t4 t!:e risht, the t .. 1e 

. tester re&ctioD is decidedly uuf&'io:-a.ble. 
Ie the two profile lines coinc:ide or a.e 
not .iguifiuntly dilfere~t from 0" 
..olber, the \Yo bee" b~ •• rebistcred 

K1U 
1.&>4 

Jo lrurt&J te 
Jo Mtertt\lrlt 

Wot Ca. iT 
Iluu.n.t; ~.t. 

J(oft-t11l1n.c 
,..11-bod104 

Utter 
Cr .. ft 
1"_r:utl 
.utcr:hlr.~ 

Call' 
Un,h"&l\~ ':I..tt 
Plll1n& 
Vattrr 

Fla. s. P •• olUl Li", ./ Word, _ii' Oppolitl li,." ... ,. U"d; .. II .. 
S,,,,,,",io Di!,.tft,i4Ill"Ao.s. R,/· 
tr,at:,: IIGftUrl, 1161. Rel'n,uttl 
., 1:."" 1"""is,"~ 0/ lI!oe.1'D 
B ... "ctT Are. 

• 



rin.7. Stoll lor Rating a Prod. 
Conup' iA JAI $tMIJJ\ti.c Dillr. 

Method.. Relefl"": O'good 
1~57 •. Rcpritlted by kin.d ·p,r. 

01 tAl UrKccnity 01 Illinou 

the ,"lIIe t.a.ate Kn .... • 
Cor Ihd puti,"lu 

. mi;ht be (ailed upon 
dncribe the import.&nce oC 

thLr&deridicl (Ha.nsen, 1961). 
Lillie hu be.n puhli.hcd on the .po 

Jliu.lioft at the ler.!.1ntic ditfertntial, 
,...ibly (1) I>«.u .. or the un,,·iIIin,. 
',eM oC tomp .. nies to puhlilh conlUnltr 
lucription. (proBI .. ) of their prod. 
:do; or (2) bee .. ,. of problem. in· 
,mod i. the .nlly.i. of d.u obuin.d. 

ue iI &. g-ood du.1 oC interest in 
lemlntie: dilferentid Ipproaeh. In 
'tion to d .. ,ribinr the ft.vor of 

it .culd be ... Cul in determinin, 
gct or .eompa.rfY intll='e a. ""'!1l u 

.. " .. ting parka,. d",ign. It i. I 
cd "hich .• hould be u.ed with I 
t dal oC enmmon senle-it is l'OT 
thod which un be <imply run olf 

& eomputer. . 

;14'RIt!.~ MotioN 

.. tnnd.raling m.thod is eon .. m.d 
• "pe.t.ed cTlI.ation. (u.e) of Ih. 
- product. It .... develop'ed by 
II70r II .L (i961) Cor in ... ti"tin, 
IICnmer reaction to beet. . 
. 'E&rlier .... rk by Byer .1 aI. (1953) 
oa dioerimin.tiTe m.thod. ( .. p.rt 
pill.,,) indi<&ted tht multi,"mpl. 
IOmplnton m&1 work to obscure the 
Iulcn' reletion •• It.1I thought that 

lao. 8. S, •• olil: Dif,w"itJl. P .... 
.. Iw ,w. HVpolAllied VariaWl. 
~ .. Fi., Dif",'" CQ..," 
I . '';.~l'''''': . O"ood' ~ aL, 

."'- ~ '" '.. :IL. ...,... " 

.', 

thi. michl be oC puticul~r imporl.t.nee 
'With non-e.xptrt pand, where the 
malti ..... mple tn.lua.tion is & marked 
chlnge (rem the usuAl consumer ·,itu. 
&.lion. in which only one ptodccl il 
consumed at & time, Ind tha..t it might 
dimini"h I t.uLer'1 ,ensitivity or ethcr· 
wice liter his rca.dinn to t~e finor 
cha.rlctcriatiC"! (F~)'er ct a'., 1961). 

Tne: trend-rating mrlhod int'o).re! A 

Aingle ,limulu! prt".cntdion with (our. 
"euionl of cYIludion for Inl one 
atimalul. An undrccturcd vertic.al 
.. ". (th. host. beer rould he-th. 
wa~t & bff.r could be) i., u~. 

The U",trurtured sure is iued for 
~erl.t rel.sonl: 

(l) to provide more f .... do"' in 
n.tin~; 

(2) to make it I ... · .Iik.ly that the 
14st~r will b. influ.nced by hi. pr •• i. 
ou, ratin~; 

(3) to dToid h.donio t.rm •• 0 that 
& person ..... ho has no 'pedal liking or 
dislikinr: for & !;iven product "ill not 
be. ASked to ,iv, .n iIIo:;i<A1 rating of 
"Ytr'Y pl('uin~tf or "?try di.~pltAsin~"; 

(0 to Avoid mi.cod.ratlnding of 
terms or numerical Ic&le'S ... ·here the 
hi.htl! number sometinl" eornspend, 
10 tlle b<.t. produet .nd .om,tinles to 
Lhl' 1r('l~t; And 

(6) to .1I0w A I,,!:, pnr! of the at •• 
ti.tieLl operltioM to he-done ~lIIdri. 
•• lIy by ploltin., the I'IIlin~ And t .. nd 
lines 0 .. ,raph p&per. . 

Oraphin, of ... h wt.r'. p,rfor. 
mance indicdcs ",·hethe.r or not hi& 
ratin, ia <Wn,'or !llIin,. It &Iso per· 
nlit. a -CO~I"&.ri."on of talter perror­
nlUCrI. Such nleUUre1l1ent oC whether 
the product increases or deere ... es in 
..,cept.bility "ith repelled eon.ump­
tion Comll & Dovel feature of lbia 
m.thod. Th. trend.roti';, method .u· 
.... r.lly indi .. 1td dirrtrene.. iD Ie· 
.'pllbllity ·b.t ..... n blinds of beer 
(B1.r 1/ .I~ l~el). 

,,,,a lttpelltot. McIlUrtlMat" 

([,. " ... r" 
The e1' cam .... m.thod ia b_d Oil tb. 
m..,=,"t of &II inTolunu~ phl'i .. 
locie&! rClpeOJo-the dil&tioll or co.· 
uactlllll of the ey. pupil ... & mcuura 
'of a.cceptability. All oth.r ac .. pt&bil. 
it,. cleIcrlnillinr method. lne&l"n .0/. 
."'&IlI ·rape.... and are thenloN' 
aubjeet 10 bi&&.·, . . . 

Tllia .. ,thod ..... clOT,loped by H_ 
at the Ullinmty IIf Cbi..vo _ (H_ 
Iges; lI_ " aL, Igoo; 1854; 1~6e) 
and .... beelI ,,"ie .. te1 by Ell .. (ue7). 
It .... beell i.nltipte4 motUy Will! ._ 

.. , .. -or, '" " "~.. • ... '- -' • • 

! 

ttimuJul plctur'e is t'tTC:ne projected 
by· llides. A motion:piclure camera. 
reeordl the refiected ima.gc· or the tyc. 
Site chln,ta. in the pupil a.re then 
m(uured on the film with &. ruler. 

Pleuant ,timuli Lend 1.0 ea.ufle dill.. 
tion ... herul nnplea.unt atimuli tend 
to cause constriction. Ch&ngcs in pupil 
sjte In Terj sensitive, sometimes rc:. 
fCAting rt'!poMe dlf!ercDccs nol .. pp .. r· 
ent to !'Jbjed or i~yeatt&,a.lor a.t the: 
ferbd.lcvel. 

He::s.s t."\t&blhhed & correlAtion be· 
twt'Cn pupil TC"Sponae a.nd preference 

• by testing 64 persons 'With fl""e pictures 
or food ulin; the eye c&merl.. &.nd 5.11;0 
by &.skinS' them to rank the food, fronl 
"laTonte" to Ulcut pre£eTred." The' 
r~uJls do ~uggt'St thAt & technique for 
me:,",urint: & rt'Spon~ I' .. _ . th&t is Dot 
und.r Ih •• ontrol of the penon b.ing 
luted nlly yield more .. ccurate Tepre· 
se:nt&.tions of I..n a.ttitude lha..n CAa be. 
oht&incd ",·ith even a. well·dr4wn qtl"­
tionnaire or with some devious proje:c .. 
th'e technique in .. hich & person's 
vtrhl.l or molor resP'1n~t'S are reco:-de:d 

. in an t!'rort to untonr his real fe-et. 
inl:3': (H'M, 1965) .. 

A Iinlited amount of work hu b .. n 
done U~lnj: tht lC'tu&1 . food stinm'111 
rnlhtr thin the vi.,~al .timuhll. FI&· 
Tnt" .tudiC'S trlth liquid, (t>&rbon.:cd 
drinh. chncnlate drink$. milk, COr.lctn· 
trded 'linlan fuiet &nd quinin~ "1'OIu· 
tion) indicdod t~.t I,oth pl ..... t .hd 
unplcua.nt drink. might canse: I.n in .. 
e:rtA"c: in pupil aiu. Ot: ATe ot'&nS'e 
drinks ,elC'eted &S ~ing ptea.sa.nt, one 
tlOllOed a !isniftclnUy larger 'Te~--= 
in.rou. in pupil .i ... t~,n did the 
other Cour. This data e:orrelatcd with 
th.t obuinrd from a "pirate prefer. 
ence test in which the &ame orangoe 

" heTera~ W&.l prelerrtd to the ou'er 
four (H ... tI Ill., 1060). 

Preliminary Itudi= .ilh tl"e ~n'" 
of ameli anc the eye eanU:r&. haTe been 
conducted. but no-"published inlor",a. 
tion i, yet I"il,bl.. Elfect of u.til. 
atimuli on pupil.mponse as concerned 
with t •• til .. i •• lao bein, inv .. liptcd. 

TIle pupil rape... method is cur· 
rently being u.ed 10 atudy rapons .. to 
p&'cKaget l product& And adyertiling ... 
welJ u th. procC'Sl ot decision ma.lcin,. 
raei&! Ittitud .. I.d the ,1II.&<y of dif· 
lerent method, of probl.m,.olving. 
Mupl&ll, . a. eommwcation •• r .... rch ... 
orpniu.tion i .. Ne. Yorle, a.d Allied 
R".&r<h Council ill Chie~o IT, t .. o 
Arma =uy Uu,r the '1a ",nera 
u a m..... of ietcnnilliDr eormim.r . . . 
attitud ... 

I 
I 
I 
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STATISTICAL ANALYSIS 
Friedman Analysis for Ranked Data 

The Friedman statistic is used to determine if dii:erences exist between 
samples being ranked for a single attribute, such as sweetness, saltiness or 
preference. The cia ta 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 de,·eloped by Kramer to 
determine if rank sums were statistically different. These tables published in 
1973 in Food Technologv are not longer considered correct. In 1988, Basker 
(Food Technology 42(2):79) published 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 aI., pp. 26-29). This is a randomized 
complete block (RCB) design. 

Example: 

A ranking test ,,'as used to compare the saltiness of four soups made 
with ~aCI, KCl, and two blends. Eight panelists rated :!-te samples as shown 
in the table. 

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 

where 

b = no. of panelists 
t = no. of treatments 
X.j = rank sum of sample (column total) 

For our example: 

T = 
= 
= 
= 

[12/8 x 4 x 5J(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 

Use table Ts to find the value of chi-square ();2) with 3 d.f. (t-l) at (J. = 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 (J. = 0.05, t = no. of treatments = 4), and dJ. always equals co for the 
raILl< tests. 

From Table T14, Qa.I._=3.63 

HSDRank = 3.63.,)8(4)(4+ 1)/ 12 

= 3.63..)13.33 

= 13.3 

http:q,.,=3.63
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Any two samples whose rank sums differ by more than 13.3 are significantly 
different. 

Blend 2 - NaCI =29-10 = 19 > 13.3 
KCI - NaCI = 23 -10 = 13 < 13.3 
Blend 1 - NaCl = 18 -10 = 8 < 13.3 

KCI - Blend 1 = 23 -18 = 5 < 13.3 
Blend 2 - Blend 1 = 29 -18 = 11 < 13.3 
Blend 2 - KCI = 29 - 23 = 6 < 13.3 

Therefore NaCl is significantly saltier tha:1 Blend 2, but no other significant 
differences exist in saltiness be!\,·een samdes. 

However, if the LSDR~~ =ra12 •• ..)bl(I+1)/6 is used, the results are slightly 
different. (Use table T.l, to calculate LSOra:1k). 

Painvise 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 gi\·es a numerical indicatio!'l of differences between samples. 
The significance is determined by the Fr:edman 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 cookie (vanillas A, 
B, C, 0) 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 (tess 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 + 11))). 

Sample A B C D 
Row frequency 0+0+3) 04.,-2.3) 05+13+0) 02.,-12+15) 

2 x Coluffi:1 2(1-10+15+12) 2(1+13+12) 2(0-'-2+15) 2(3+3+0) 
frequency 

Rank SUD 86 71 62 51 

The test statist:c (Fried:nan's T) is ca!C~lated by the following equation, which 
is a special case of Eq. : S in :\1eilgaard (I = treatments, p = panelists, R = rank 
sum). 

For this example: 

T = (4/15 x 4)(862 + 712 + 622 + 512) - (9 x 15[4 -1]2) 

= (0.067)(7396 + 50·n + 38:: + 2601) - 1215 

= 1265 - 1215 

= 50.09 

-I 

I 
1 

1 
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Compare the calculated value for T (50.09) with the critical value of c2 with 
(I - 1) dJ. in Table T5. 

a. 
Critical T 

0.05 
7.81 

0.01 

11.3 

Since Tis 50.09, it is greater than the dtical T, so there is a significant 
difference in vanilla intensity. 

DeB A 

----J-------------Ll---------JL--L--------Ll---------JL----JL----JL---
40 50 60 70 80 90 

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.,.~.,fiiti4 

HSD = 3.63~15(4) / 4 

HSD = 14.06 

A 
85 

B 
71 

C 
62 

o 
51 

o 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 CorD . 
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Experimental Design 
and Analysis of Sensory Tests 

Understanding experimental design is the 
first step in obtaining accurate results 

JOEL L. SIOEL and HERBERT STONE 

o THE MAJOR PURPOSE of any sensory evalua· 
tion study is to pro,ide information regarding the 
effect of certain experimental treatments upon a 
particular population. That effect usually is described 
as changes or differences In a response which are 
measured and then analyzed 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 
aperatia:lS applied to the collected responses. Selec. 
tion of the appropriate design and analysis for a 
sansory experiment will depend on the information 
associated WIth these components. For this reason, it 
is appropriate to identIfy the contribution of each of 
these components to "use without abuse"' in a sensory 
experiment. 

e Objeclives. The first stage in designing a sensory 
study IS the planning; proper planning requIres a 

I complete and concise statement of both the project 
objective and the test objective. obtained through 
communication with the requester. Without ade· 

j quate delineation of these objectives, one cannot be 
expected to design an appropriate experiment. The. 
following are examples of appropriate and inappro: 
priate statements of aDJectives: 

Appropriate 

Project Objective: To cost·reduce product X· y·z 
\\;thout altering its acceptability. 
Test ObjectIve: To detormtne whether current and 
cost·rt'duced X· Y·Z are detectobly dilferent. 

Inappropriate 

Projel't Objective: New formula X-Y-Z acceptance 
Test Objectlve: Tn.ngle dillerence test 

A tost objective may take the form of a hypothesis 

THE AUTHORS ar~ with Tragon Corp. P. O. Box 783. Palo 
Allo. CA 9~302 

(which must be stated clearly and concisely during 
the planning stagesj. The hypothesis wIll have a 
considerable influence on selection of the statistical 
method for testing the hypotheSIS and, when app:o· 
priate1 on the selection of the probabilities assOCiated 
v.ith use of a one· or a two· taIl test. An exampie of a 
test objective reqUIring a one·tail test IS: "To decer· 
mine whether Sample A is rated sweeter than Sample 
B." Note that there is no concern whether Samole A 
is as sweet as or less SWeet than Sample B'. An 
example of a test objective requiring a twa·tail test IS: 
"To determine whether Sample A is rated equal In 
sweetness to Sample B." Note thai there 15 concern 
whether Sample A is rated more or less sweet than 
Sample B. 

• Testing Environment. The physical conditions of 
the facility are important because unantiCIpated 
problems can occur. The sensory evaluation literature 
is in good agreement regarding the most approprIate 
sensory test environment (Amerine et al.. 1955; 
ASTM, 1968; Stahl and Einstein, 1973). One consid· 
eration of the test environment thpt deserves atten­
tion is the use of special lighting tv mask visual 
product differences which could have a s'gninca" t 
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 to 
perform sensory tasks under similar lighting conQl­
tions. The first IS a physical consideratlOn, 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 inrluence 
most, if not all. components of the sensory expel ,. 
ment. For example, if the sample number exceeds tha t 
which a judge can comfortably evaluate in a sIn~le 
session, an incomplete block deSign may be required. 
Sample intensity wiII influence the Illterstlmulus 
interval. as well as the procedure used to remO-v.e 
sample residue to minimize sensory fatl~lIe. In addl' 
tion, sample intensity may determine which te~;[ we 
select (e.g., single·sample. paired, or multl,:lmple te,t) 
and the serving sequence (e.g, simuiullll'Olb vs 
succe$Sive. random or balanced vs fixed, [Wt1l weak to 
strong. ecc.). In practice. sensory prac:tiliol1.l'I:> 1ll,1.\' 
choose a. duo-trio test rather than a trwnglc dlJlt:'ll'I1CC 
tcst, simply to reduce judge exposure to mtcn:>c 
sam~_ . 

• Judges. As with sample choice. judg{' lype and 
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Experimental Design • •• 

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 jud~es 
qualifying on the basis of acceptance attltudes ("lik· 
era" 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. 
O,ften, 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" 
judges. This is especially true if we must draw on a 
limited number of judges from a fixed population at 
each withdrawal period of the storage study. We end 
up with both dependence and independence. Some 
aelve this problem by choosing the more·conservative 
independence analyses; however, we would be more 
comfortable wi th better analyses designed specifically 
Cor this mixed situation. 

Selection of tlie appropriate number of judges for 
an experiment poses additional difficultIes. Use of too 
Cew 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 misleadi:lg to tha' 
product deyeloper. We suggest consideration of both 

Tabl. I-EXPERIMENTAL DESIGNS and ,"sl plans-. 
partial "sttng (source· Cochran and Cox. 1957) 

Ouign 

Completely randomized 
Randomized block 
Latin square 

Complete 
Incomplete 

Quasi·Latln squares 
Graeco-.l.atm squares 
Crossover 
Confounded 
Spln·plot 
Factorial 
fractional factonal 
Response surface 

Flrst-order 
Second·order 

Incomplete block 
Balanced 
Panlally·balanced 
o,ain block 

l.3nice 
Balanced 
Panially·balanced 
Rectangular 
Cubic 

&Ianced lattice square 

NumMr of 
tnt pl.n. 

10 

30 
14 

8 

14 

2 
. 

46 

16 

8 

Fig. 1 
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statistical and practical 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 
calculated. Figure 1 presents data generated from a 
number of consumer test panels. From these data, we 
ean determine the number of judges to use for the 
specified le"el of significance desired when designi.ng 
sir.tilar types of panel tests. Note that we ,raploly 
enter a situation of dimmishing returns by addtng 
panelists at around 3.0-40, and especially beyond 100 
Judges. 

• Response Form. A P:tmary c~n~ideration it; the 
selection of an appropnate statIStIcal test 01 the 
experiment's hypothesis is the form of response. 
Judges' responses may be classified into one or more 
of the following categories: 

(I) Open-end respoltSes. These refer to questIOns 
such as "What did you particularly hke about,~a,!,ple 
A?" or simply a request for "Comments. U po." 
obtaining these responses, the experimenter proceeas 
to establish categories of response refiecttng the state· 
ments made by the judges. 

(2) Selection or chOIce responses. These are 
frequently used in sensory evaluation. In each case. 
the judge is asked to select. the sample f~om .'he set 
according to some. stated cntena, such as pretero:,ce, 
clifference a speCIfic atmbute, or some level at an 
attribute.'Usually the Judge is reqUIred to sele~t the 
one sample which satlSnes the speCIfied crltena; 
occasionally he may be asked to select more than one 
from the set. The latter IS a sorting task and, because 
of the additional comclexittes of as,'agnmg appro· 
priate probablhties to sample choice las well as the 
judge's need to have a good memory), IS less popu· 
lar. I 

(3) Scaled respoltSes. Judges may be asked to sca e 
or otherwise attach some number or value to each 
sample. They may be asked to rank each sample, 
score it on a rating scale (eIther numcncal or graph~c). 
or a,;sign some ratio or magnitude (Stevens, 19,6; 
1962) relative to another sample or establtshed refer· 
ence. For each response form, there are apprOpllate 
procedures for statistical analysis. When Judges are 
asked to porform multiple selections or score many 
aspects of a sample set, as with a multidImensIOnal 
scaling task, additional complex data reducttnn 
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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 includes 
the physical conditions of the sample and the presen­
tation sequence (Le .• 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 bsted. Awareness of design 

Fig. 2 

4-$AMPLE BALANCED BLOCK DESIGN 

....... 0"'_ "...,.I°td..- .Juo:tv. I Ord..-

1 12lC 5 2341 9 H1% 
2 2C 13 I 3124 10 CZ 31 
3 3H2 1 (213 11 1324 
4 4321 I H32 12 2H3 . 

...... ~~ ,JI,Idg. lOrd ... - OnIH 

13 • 1 23 17 ,. 23 21 2314 
14 1342 11 43 12 22 H21 
15 Z" 31 - 11 ttJ4 2l 1243 
11 31 ,. 20 3241 24 4132 

Fig. 4 

JUDGE ORDER 

plans should help' the sensory practitioner select or 
develop designs for which a satisfactory a.naly~is is 
availa~le. It IS less than desirable to do an experimen t 
to whIch no reasonable statIstIcal analysis may be 
applied. 

In sensory testing. we want to develop design plans 
that minimiz7 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 ha ye 
been completely balanced for judge. order. sample. 
and replication. 

An example of completely·balanced. 4·sample, 

Fig. 3 
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JIII('lICATION$ 
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41 32 TEST PLAN FOR 4 SAMPLES NOT COMPLETELY BALANCED 
2 1342 
3 234 1 
4 2431 
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monadic, sequential tests is shown in FigJre 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 aiso 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 be used in a laboratory accept­
ance test; the 4-sample, 12-judge, 3-replication-type 
design 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 In two-way designs (similar to 
those shown in Figs. 2 and 3) often can be 
substantially improved by adding a replication: 
Behaviorally, repli~ation 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 aI., 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 
tunes. 

In balanced-block designs, the complete permuta­
tion block should be presented before repeating any 
order in that block. Completing the pelwutation 
before replication should ensure that all samples were 
tested In all positlons equally, both early and later in 
the study, thus mimmlzing pOSSible time and 
sequence effects. 

In discrimination tests, we may also wish to 
minimize 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. I f Judges are to receive more than 
one set of the te;:;t samples. the t:!xpenmenter may 
randomly a<Slgn the repeat sets. as In Figure 6. or 
again completely balance the de$lgn. as in Figure 7. 
such that Judges will not get the odd sdmple in the 
5..1.me position (unless more thall thn:e sets are given 
to :l JlId~~). Random a~"ig-nmg of 1 epca t sets is most 
appropriate when Judg:c$ arc frequent participants 10 

tnangle tests and m,lY "l~arn" to expect that the odd 
sample p05ttlOn is always the same or dillcrcnt on 
rcphc.ltc lc:;.tS. \\'hl!'n such lC:lrlling 15 not pO~'>lblc or 
is mUll mal. t.he complt.:lciy·bul.lIlcl'u approach m.ly be 

Fig. 5 
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• Data AnRlysi •. Figure a lists some typical kinds of 
st3.tlstical tests used to analyze sensor!, data and the 
judge response form most appropnate for the,e 
analyses. Orcn.end comments c:tn he counted once they.) re 
c3tcgorizcd. and lhl':Ol!' fn·qucnclcs cnn he con'ocrteu 
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Experimental Design. 

comments may be of interest; seldom is Curther 
analysis warranted. 

To analyze choice data, there are many special 
tables available which are based on the chi-square (X') 
or binomial distribution. In palled 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 Wolfe, 
1973). 

If data have been collected using a scalar device but 
the assumptions for use of metnc statistics are not 
met, many non-parametric techniques are available 
for analysis (Siegel, 1956; Hollander and Wolfe, 19i3). 
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 include log 
and square-root transformations prior 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 
estimat~ of the variability of the estimated effect, (3) 
an opportunity to use a simple mathematlcal model 
in the analyslS of data and for testing a speclfic 
hypothesis concerning the true effects, and [4) effi­
ciency 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 componen ts of experimental deSign to 
allow for the most powerful analysis possible. 

Finally, a note of caution: SummalY statistics al e 
fine; however, procedures which allow for viewmg 
individual 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. 
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APPENDIX VI 

Questionnaire and Results 

Nombre: _______ _ 

Compania: _______ _ 

Fecha: ________ _ 

EV ALUACION DE CONOCIMIENTOS 
ANALISIS SENSORIAL 

Por favor consteste a cada una de las siguientes preguntas. 

Defina que es an:Hisis Sensorial: 

oPuede el an:ilisls sensorial ser sustituido por pruebas instrumentales? i.Por que~ 

Describa brevemente el mecanismo de percepcion de olores: 

Mencione 2 aspectos imponantes para !levar a cabo anilisis sensorial: 

~!encione 3 areas en las que se utiliza an:ilisis sensorial dentro de la mdustna de 
aiimentos: 

Describa por que es imponante el orden de presentaci6n de muestra5 en una prueba de 
amilisis sensorial: 



II. 

7. 

8. 

9. 

10. 

Selecci6n Multiple 

Para cada pregunta, seleccione la letra que corresponde a la respuesta correcta y escnbala 
en la lfnea de la derecha. 

EI patron de inspiraci6n y espiraci6n a traves de la nariz durante .la evaluaci6n de 
odorantes se llama? 

a. 
b. 
c. 
d. 

Respiraci6n 
Husmeo 
Aromatizaci6n 
Sensibilidad olfatoria 

La probabiJidad 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. 
b. 
c. 
d. 

Semi-entrenados 
No entrenados (consumidores) 
Expertos 
Capaces de discriminar 

La prueba que identifica y cuantifica las caracteristicas ·sensoriales de un producto se 
llama: 

a. Prueba de ordenamiento 
b. Amilisis descriptivo 
c. Prueba hed6nica 
d. Ninguna de las anteriores 
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11. 

12. 

13. 

La prueba en la que eljuez identifica el tipo de estfmulo que esta evaluando, 50% de las 
veces, se llama? 

a. Umbral de detecci6n 
b. U mbral de diferencia 
c. Umbral de reconocimiento 
d. Umbral terminal 

~EI error de rechazar [a hip6tesis nula (Ho) cuando esta es correcta, se conoce en 
estadfstica como? 

a. 
b. 
c. 
d. 

Error tipo II (B) 
Error tipo I () 
Propabilidad 0.9 ( ) 
Ninguno de los anteriores 

Describa brevemente cmiles son las mas importantes pruebas de diferencia y las ventajas 
y desventajas de cada una de elias: 



14. Describa el tipo de pruebas sensoriales y tipo de jueces que usted utilizaria para resolver 
la siguiente situacion: 

La compaiifa desea utilizar un substituto de grasa en la elaboracion del queso cheddar 
bajo en·grasa. Este nuevo producto (con 113 menDs de grasa comparado con el producto 
normal), esti destinado a satisfacer la necesidad de un sector especffico de consumidores. 

Se ha preparado un prototipo en planta y adn no se conocen las caracterfsticas sensoriales 
del mismo. Desarrollo de nuevos productos, {odavfa no se sabe si este producto sera 
aceptado por el consumidor. i,Le gustara a la poblacion? 

Que tipo de pruebas sugerirfa que se hicieran si usted fuera el analista sensorial. 
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RESULTS FROM SENSORY EVALUATION KNOWLEDGE TEST 

Participant Initial Score 
% correct 

Patricia Bernal 27 
Orlando Buitrago (was late) 
Martha Caceres 26 
Nidia Fajardo 26 
Javier Fernadez 46 
Nelson Gonzalez 25 
Rosalina Lopez 12 
Iris Lopez 23 
Victoria Monje 27 
Liz Murillo 42 
Liza Pira 36 
Gustavo Reyes 27 
Indra de Reyes 28 
Pedro odriguez 32 
Sonia de Sarmiento 39 
Frank Tosta 24 
Marissa Umana 27 
Ana Lucrecia Urizar 40 
Lisbeth Villatoro 17 
Paulina wittkowski 36 
Jeanny Zimeri 32 

Mean score 
Max 
Min 

29 
46 
12 

Final Score 
% correct 

52 
80 
71 
61 
70 
75 
35 
71 
93 
76 
69 
80 
75 
46 
47 
69 
83 
68 
67 
92 
90 

70 
93 
35 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Questions 

How was the coordination of the course? 

How was the organization of the program activities? 

How was the organization of the laboratory practices? 

APPENDIX VII 

Course Evaluation 

Table 1 
Course Organization 

Excellent Good 
% % 

55 40 

50 45 

55 40 

Table 2 

Regular 
% 

5 

5 

5 

Instruction and Course Content 

Questions 

How was the presentation of the lectures? 

How was the task developed by the instructor? 

How would you rate 
the classroom facilities 

How would you rate the technical information 
received (expected YS. actually received? 

Questions 

How was the relationship between lectures and 
laboratory practices? 

How was the organization of the laboratory activities? 

How helpful was the lab manual for the development 
of the laboratory practices? 

Excellent Good 
% % 

65 35 

85 15 

20 65 

65 35 

Table 3 
Practical Sessions 

Excellent Good 
% % 

75 25 

40 40 

60 40 

Table 4 
General Evaluation 

Regular 
% 

15 

Regular 
% 

15 

Bad 
% 

Bad 
% 

Bad 
% 

Questions Too Long! Right 
Just Right % % 

How would you rate the duration of the course? 70 

How would you rate the amount of information and material given? 95 

Very Bad Total 
% % 

100 

100 

100 

Very Bad Total 
% % 

100 

100 

100 

100 

Very Bad Total 
% % 

100 

100 

100 

Too Short! Total 
Too Little % % 

30 100 

5 100 
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