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RESUMEN

La margarina es un producto que tiene diversos usos, tanto en la industria alimentaria
como dentro de la vida cotidiana de los consumidores debido a que se puede consumir

directamente o aplicada en otros alimentos.

En el mercado guatemalteco actualmente se observan margarinas fortificadas con Omega-
3 las cuales son importadas y ninguna de ellas se encuentra fortificada con calcio, lo cual crea
una oportunidad para los productores guatemaltecos de grasas y aceites para que desarrollen y
produzcan una margarina como estd con la que puedan competir y brindar a su mercado un

producto que sea atractivo y que presente una ventaja para la salud.

Al realizar la fortificacién de la margarina se mejora el producto ya existente debido que
actualmente se encuentra fortificada con vitamina A y D, y es elaborada con aceite de soya el cual
por naturaleza cuenta con 0.92g de Omega-3 por cucharada. La adicion de Omega-3 ayudaria a
que la margarina sea una fuente significativa de Omega-3 y la adicion de calcio harfa que exista

una interaccién con la vitamina D que mejoria la absorcion del calcio.

La margarina fortificada con Omega-3 y calcio representard una opcion de compra para el
guatemalteco con ventaja sobre otros productos semejantes ya que con su consumo minimo de
aproximadamente 43.33 g/dia estard satisfaciendo alrededor del 0.5% RDA de omega-3 (DV =
1300 mg/dia) y el 0.38% RDA de calcio (DV = 1000 mg/dia) sobre una dieta de 2000 calorias.

Es decir que el objetivo principal de realizar esta tesis es desarrollar una margarina

guatemalteca que sea funcional y de beneficio para la salud del consumidor guatemalteco.
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1. INTRODUCCION

En 1970, profesionales de la investigacion de alimentos, sugerfan que los cambios en la
dieta de las personas coincidian con el aumento significativo en el nimero de infantes, nifios y
adolescentes que sufrian problemas de comportamiento. Lo importante aqui era la idea que los
aditivos alimentarios, y los colorantes en particular, pudieran tener alguna relacion con la
hiperactividad, entonces este tema desperté mayor interés y bastante controversia. A continuacion
una serie de estudios cientificos llevados a cabo atn a la fecha, no han demostrado que haya
relacion alguna entre los aditivos alimentarios, incluidos los colorantes, y los problemas de
comportamiento o la hiperactividad. Ademdas de no existir en la actualidad pruebas cientificas
publicadas que apoyen que el usé de dietas de eliminacién puedan ser la terapia principal para

tratar problemas de comportamiento.

A continuacion se presenta el estudio de una margarina fortificada con Omega 3 y Calcio,
en el cual se expone que la misma tiene diferentes usos, este estudio es presentado como parte la
tesis de grado de Licenciatura en Ciencias de Alimentos de la Universidad del Valle de

Guatemala.

Se espera exponer la importancia de la margarina definida esta como un aditivo
alimentario que normalmente se consume como alimento, sin embargo se pretende cambiar el uso
que se le pueda dar como ingrediente caracteristico en la alimentacion y que agregue cantidades
proporcionales de Omega-3 y calcio al ser humano que lo consuma para que agregado a
subproductos se convierta en un componente de dichos productos alimenticios. Siendo el calcio
un mineral que est4 concentrado en més del 90%, en los huesos y dientes, este reviste importancia
porque reduce la presion arterial alta, el cancer, sirve también en porcentajes elevados, para la

coagulacion sanguinea y para el insomnio.

El cuerpo humano es capaz de producir todos los acidos grasos que necesita, excepto dos:

el 4cido linoléico (LA), un 4cido graso Omega-6, y el acido alfa-linolénico (AL A), un acido graso
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Omega-3, que deben ingerirsg a través de la alimentacion y que por ello se conocen como “acidos
grasos esenciales”. Ambos son necesarios para el crecimiento y la reparacién de las células, y
ademds pueden utilizarse para producir otros dcidos grasos (como el 4cido araquidonico (AA) que
se obtiene del LA). Sin embargo, como la conversidon en ciertos dcidos grasos es limitada, se
recomienda incluir fuentes de acido eicosapentanoico (EPA) y acido docosahexanoico (DHA). El
LA y el ALA se encuentran en los aceites vegetales y de semillas. Aunque en general la cantidad
de LA sea muy superior a la de ALA, el aceite de colza y el de nuez son excelentes fuentes de
este dltimo. El EPA y el DHA se encuentran en el pescado graso (Ej. salmon, caballa, arenque).

El 4cido araquidénico puede obtenerse de fuentes animales como la carne y la yema de huevo.

Las margarinas son grasas semisdlidas con aspecto similar a la mantequilla que se
obtienen mediante procedimientos industriales a partir de grasas insaturadas de origen vegetal o

bien a partir de grasas de origen animal y vegetal mezcladas.

La presentacién de este trabajo pretende agregar componentes importantes para el buen
desarrollo del consumidor, enfocado principalmente en Omega-3 y calcio. También se pretende
demostrar que los avances tecnoldgicos han permitido reducir significativamente, hasta una
tercera parte, en algunos casos, la proporcion de dcidos grasos trans, ademds del contenido total
de grasas de media, el 60% en la actualidad cuando en el pasado alcanzaban a tener hasta un 80%

y por lo tanto demasiadas calorias.



II. JUSTIFICACION

Parte de los productos que consume un adulto guatemalteco en su dieta cotidiana
se encuentra la margarina ya que la puede consumir directamente o acompafiada con una
variedad de productos como lo pueden ser productos de panificacion, reposteria,

confiteria y productos culinarios como salsas y sopas.

Es por ello que hoy en dia se observa en el mercado la importacion de este
producto con modificaciones de mejora en beneficio para la salud del consumidor, como
por ejemplo actualmente se observa que se encuentra fortificada con Omega-3 que es un
ingrediente que ayuda a prevenir enfermedades cardiovasculares y se considera grasa
benéfica para la salud del ser humano. Este trabajo lo que se busca es dar mejoria a una

margarina nacional a la cual se le desea también fortificar con Omega-3 y calcio.

Por otra parte no solo se busca atender la necesidad de la salud del consumidor
guatemalteco sino también la necesidad de quien produce este tipo de producto que desea
poder competir con una margarina que se clasifique también como alimento funcional;
debido a que se contaria con la presencia de Omega-3 y el calcio que son considerados
como componentes que tienen evidencia cientifica que ayudan a prevenir enfermedades,
al igual que la margarina en si ya que ella se considera como funcional debido a que
posee fitoesteroles que ayudan a reducir el riesgo de enfermedades coronarias y a reducir

los niveles de colesterol.

Por lo tanto la margarina nacional que se desea desarrollar tiene como objetivo ser

un producto funcional.



III. OBJETIVOS

3.1. General

Desarrollar una margarina fortificada con Omega-3 y calcio dirigido a la

poblacion adulta del mercado guatemalteco.

3.2.  Especificos

Mejorar la funcionalidad de una margarina vitaminada a través de una

fortificacidon con Omega-3 y calcio.

Evaluar sensorialmente una margarina fortificada con Omega-3 y calcio.

Determinar la estabilidad de una margarina fortificada con Omega-3 y calcio a

través de vida acelerada.



IV. HIPOTESIS

Es posible desarrollar una margarina nacional fortificada con Omega-3 y calcio.




V. ANTECEDENTES

Hoy en dia los alimentos funcionales se consideran importantes debido a que
cuentan con uno o varios componentes que brindan un beneficio a la salud del

consumidor que superior al de los nutrientes basicos.

Los cambios de estilo de vida también han creado oportunidades de desarrollo y
mercado para los alimentos funcionales, debido a que el consumidor se caracteriza por
contar con poco tiempo para preparar sus alimentos, se preocupa mdas por su salud y

alimentacién.

La margarina es un producto que surgié por la necesidad de crear un alimento
econdmico como sustituto de la mantequilla y se caracteriza por ser un alimento
funcional que contiene como componente activo fitoesteroles que ayudan a prevenir
enfermedades coronarias y a reducir los niveles de colesterol; la adicion de Omega-3 y
calcio en una margarina ayudaria a prevenir enfermedades como la osteoporosis y
también a reducir el riesgo de enfermedades como la osteoporosis y también a reducir el

riesgo de enfermedades coronarias.

Al evaluar una margarina reolégicamente se busca que tenga untabilidad, dureza
y que se comporte como un fluido no Newtoniano; mientras que al evaluarla
sensorialmente que su sabor, olor y color sean caracteristicos a la de una margarina. Las
propiedades redlogicas de una margarina dependen mucho de su proceso industrial que
comprende el pesaje de los ingredientes, mezclado, homogenizacion, enfriamiento,

cristalizacidn, extraccidn, corte y empacado del producto.




5.1.  Alimento funcional.

El programa de ciencia de alimento funcional de Europa fue fundado por la Unién
Europea y por el Instituto Internacional Ciencias de Vida (ILSI), el cual define a un
alimento funcional como: Un alimento puede ser considerado como “funcional” si este es
satisfactoriamente demostrado que afecta benéficamente uno o més funciones objetivas
en el cuerpo, més alla de los efectos nutricionales adecuados de tal manera que es
pertinente, ya sea a un mejor estado de salud y bienestar y / o reduccidn del riesgo de

enfermedad.

Ejemplo de alimentos con un potencial benéfico para la salud

Tomates Licopeno Reducir riesgo de cancer

Pro-activo, Fitoesterol Reducir riesgos de enfermedades

Benecol, coronarias y reducir los niveles de

margarina colesterol.

Yakult Bacteria Ayuda a la salud gastro-intestinal.
providtica

Pescado Acidos Reducir riesgos de enfermedades
Omega-3 coronarias.

Un alimento funcional puede ser un alimento natural, también puede ser un
alimento donde lo natural de uno o méas componentes han sido modificados, o un
alimento en el cual la bioavilidad de uno o mas componentes ha sido modificado o

ninguna combinacidn de estas posibilidades.

5.2.  Alimentos funcionales y los consumidores
Los alimentos funcionales son considerados como una entidad que se encuentran

en algin lugar en medio de la medicina y productos de alimentos convencionales, pero no



hay una definicién comun de alimentos funcionales. Japdn tiene su propia legislacion
para Alimentos de uso especifico para la Salud, las cuales se conocen como FOSHU en la
cual los alimentos funcionales son claramente considerados como productos alimenticios

que son comidos como parte de una dieta ordinaria.

5.3.  Enfermedad coronaria

La enfermedad coronaria es una condicién en la cual las principales arterias ya no
se encuentran en condiciones para suministrar suficiente sangre y oxigeno al musculo del
corazén (miocardio). Lo cual causa una reduccién del flujo que es acumulado en las
plaquetas y en la partes mds intimas de las arterias; este tipo de problema se le denomina
aterosclerosis. Estd es una enfermedad que progresa lentamente y usualmente empieza en

la infancia pero usualmente no se manifiesta sino hasta la edad adulta.

Existe un nimero de factores que predispone a un individuo a esta enfermedad
como lo es: la edad, el sexo, la raza y el historial familiar; estos factores pueden ser
modificables, como la hiperlipidemia (altos niveles de lipidos en la sangre), hipertension
(alta presion en la sangre), obesidad, fumar cigarro y falta de ejercicio. Y estudios han
revelado que el 50% de la variabilidad de esta enfermedad es debido a factores genéticos
y el resto asociado con la influencia del medio con las dietas, el fumar y la vida

sedentaria.

Los PUFAs de la serie n-3 (4cido eicosapentanoico (EPA) y  4cido
decosahexaenoico (DHA)) han mostrado reducir los niveles del plasma TAG y reducir la
trombosis cuando son adicionados a una dieta pero no en su totalidad al igual que sucede

con los niveles de LDL que son reducidos pero no es su totalidad.



5.4.  Osteoporosis

La osteoporosis es una enfermedad del metabolismo del hueso caracterizado por
la disminucién de la masa 6sea (osteopenia) y la disminucion de la densidad mineral del
hueso (BMD), la implicacién de esto es producir huesos porosos y fragiles, los cuales
incrementan el riesgo de fracturas. Existen diferentes etiologias de osteoporosis pero la
mas comun y universal es la que depende de la edad y se presenta comunmente en la
edad adulta. Los que influyen en la osteoporosis son: la genética, nutricion, estilo de vida
y factores endocrinos. El rol de los factores genéticos es ilustrado por las diferencias en
la densidad mineral del hueso en medio de la raza, sexo y familias similares. La nutricién
estd influida por la baja ingesta de calcio, alta consumo de alcohol, cafeina y sodio. Los
factores de estilo de vida que contribuyen a la osteoporosis incluyen fumar cigarro y baja
actividad fisica. Un importante factor endocrino es la deficiencia de estrogeno

(postmenopausia en la mujer).

La osteoporosis en los afroamericanos es generalmente baja debido a que tiene
una alta densidad mineral en los huesos, mientras que la de los norteamericanos e
hispanos es baja aunque la de los asidticos es aun mas baja debido a que su constitucion
esquelética es diferente debido a que por ejemplo tienen caderas mas cortas y estatura

mas baja.

Como regla general, alrededor del 20% - 30% de la dieta de calcio se absorbe y la
mayoria del calcio se absorbe a través a través de la via de la vitamina D. Existen otras
formas de adquirir el calcio como lo son los suplementos de calcio y los alimentos

fortificados con calcio.



5.5.  El papel de la salud en la eleccion de alimentos
La salud es un factor comun que influye en el pensamiento de los consumidores

en el momento que realizan la eleccidn de sus alimentos.

Los consumidores tienden a tener ideas acerca del valor nutricional de los
productos. Ademas de la informacién acerca de la grasa y contenido de vitaminas tienden
hacer generalizada. Asi como también en las caracteristicas sensoriales los consumidores
asumen cosas como por ejemplo los alimentos bajos en grasa tiene un sabor diferente a
las del producto original. También para muchos consumidores las adiciones de
componentes como aditivos alimenticios son consideradas como riesgo potencial para la

salud.

Es decir que la salud es claramente un criterio esencial en la decision de los
consumidores al seleccionar sus alimentos la cual también depende de la educacion que

ha recibido el consumidor.

Los claims tienen que estar basados en evidencias cientificas, lo cual significa que
el efecto debe ser probado con estudios clinicos. Los estudios deben dar el suficiente
soporte para evidenciar que el producto produce beneficios con las porciones que son

ingeridas en una dieta normal.

5.6. Margarina

La margarina es una emulsion de agua en grasa, empleada como sustituto de la
mantequilla segin la idea de su inventor, un farmacéutico francés llamado Mége-Mouriés
en 1870, como respuesta a un encargado de Napoledn III para encontrar un sustituto

econdmico e igualmente nutritivo de la mantequilla.
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En un principio la margarina se prepard a partir de sebo de buey o carnero que al
fundir y mezclar con agua daba la oleo-margarina. A partir de 1930, fecha en que
aparecieron industrialmente los aceites hidrogenados, empezaron a utilizarse estos aceites
vegetales endurecidos por hidrogenacion. Hoy dia se utilizan aceites vegetales

endurecidos por el proceso llamado hidrogenacion.

Hoy en dia existe una variedad de margarinas como lo son la regular, liquida, de
dieta, spread, para panificacion, para restaurantes, las cuales son empacadas en diferentes
presentaciones. Las margarinas son elaboradas a partir de una variedad de grasas y
aceites, incluyendo la soya, palma, maiz, canola y algodon. Las margarinas pueden
atender los requerimientos de los diferentes consumidores: servicios de comida,

procesadores de alimentos, etc.

El enfoque nutricional en las margarinas surge alrededor de 1923 cuando la marca
de margarina Nucoa fue la primera en fortificar con vitamina A. Estas practicas
empezaron a ser universales en varios productos alimenticios alrededor de 1937. Un
notable cientifico, Dr. Anton J. Carlson, testifico que las grasas en la margarina Nucoa y
la mantequilla son igualmente digestibles pero que la margarina tiene mds 4cidos grasos
poliinsaturados como el 4cido alfa linolenico el cual se ha establecido como 4cido graso
esencial para el crecimiento normal y mantencion de la piel. A raiz de esto en 1941 la
FDA reconoce a la margarina como un alimento con valor y no un sustituto de la

mantequilla.
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Desde 1951 la fuente de aceite mas importante para la elaboracién de la margarina
ha sido el aceite de soya debido a que es econdmico y posee un alto contenido de acidos

grasos poliinsaturados en comparacién de otros aceites.

5.7.  Fases de una margarina

Fase grasa: El objetivo es producir una mezcla de grasa con un indice
elevado de grasa solida de manera que el producto se mantenga firme en el
refrigerador y se derrita facilmente en la boca, para ello debe existir la

formacion de cristales beta (j3).

Fase acuosa: Esta fase comprende hasta el 20% de la margarina.
Tradicionalmente esta fue de leche vaca, pero hoy en dia puede ser agua
con o sin algin componente de proteina comestible. En el agua se
adicionan las sales y preservantes que son solubles y han de formar la fase

acuosa.

Emulsificacion. El sistema de emulsificacion une la fase acuosa con la

fase grasa para impartir una forma especifica al producto final.

5.8.  Aditivos en margarinas
Emulsionante: por ser una emulsion se necesita una sustancia que favorezca la
unién de los dos componentes impidiendo su separacion, la sustancia utilizada

es la “lecitina” que es obtenida de la soja.

» Se utiliza la lecitina porque se ha reconocido como un producto GRAS

(Generalmente Reconocido como Seguro, por sus siglas inglés).
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» Espesante: es preciso afiadir sustancias de este tipo, para que la emulsién no se

rompa sobre todo en €pocas calurosas.

* Sabores: la sal que es el cloruro de sodio, es adicionado para dar sabor y preservar
la margarina. Ademaés también se adiciona diacetil para impartir el sabor

caracteristico de la margarina.

La percepcion del sabor es influenciado por la boca, la cual determina el sabor por
medio de la porcidén de margarina que se funda en ella. La boca siente y controla
las caracteristicas de esta porcién de margarina y determina la textura y el sabor

de la misma.

»  Conservador: para impedir el crecimiento de microorganismos. Los
conservadores mas cominmente utilizados son: acido sorbico y 4cido benzoico en
sus sales de sodio y calcio. El acido benzoico es mds activo como contra las

bacterias mientras que el &cido sorbico es més activo contra mohos y levaduras.

»  Aromas: normalmente se afiaden sustancias del tipo de diacetilo para imitar el

sabor de la mantequilla.

5.9.  Valor nutritivo
Es muy parecido al de la mantequilla, ya que es un 80% grasa y un15% de agua.
Las grasas pueden ser animales (incluso de ballena o de cerdo) o vegetales (manteca de

palma o aceite de algodoén, de soya, de girasol, de maiz).




Se suele afiadir también parte de los productos de la leche, o vitaminas y sal. Y
puede contener también sustancias que permitan una buena emulsion. En cuanto a
calorias se encuentra al mismo nivel que la mantequilla, ya que 80 de cada 100 gramos,
son grasas. Esos 100 g aportan alrededor de 720 calorias. Es, pues, un alimento

fundamentalmente energético.

5.10 Pruebas analiticas para grasas y aceites.
Existen dos manuales que establecen la los métodos analiticos estandar para aceites
y grasas. Los cuales son:
o D. Firestone, ed. Official Methods and Recommended Practices of the
American Oil Chemists Society, 4th ed. AOACS, Champaign IL,
1990.
o C. Paquot and A. Hautfenne, eds. IUPAC Standard Methods for the
Analysis of Oils, Fats and Derivatives, 7" ed. Blackwell Scientific
Publications, Oxford, London, UK, 1987. A. Dieffenbacher and W.D.
Pocklington, eds., st Supplement, Blackwell, 1992.

5.10.1 Pruebas fisicas y quimicas: Indice de grasa Sélida/Content. El indice de
grasa solida (SFI) y el contenido de grasa solida (SFC) relaciona el porcentaje de
shortening que es solido a varias temperaturas. Esta curva puede tener una variedad de
formas; para la mantequilla de cocoa es jorobada, pero algunas otras son més rectas en su
mayor parte, con empinamiento o menor pendiente. La curva no puede ser predicha de
una determinacién hecha a una temperatura; los SFI o SFC de la curva requieren un

orden para ser comprendidas las propiedades del shortening a diferentes temperaturas. (4
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La funcionalidad una grasa plastica depende no solamente del contenido de

solidos, sino también del punto de SFI/C que se encuentre en la curva. Conociendo un

SFI/C especifico implica que el valor para un batch particular debe ser este el valor usado

y no corresponde para otro tipo de batch, y este es un punto muy importante que se debe

cuidar en la elaboracion de margarinas y shortening.

El método original para la estimacion del porcentaje de sdlidos en un grasa se

baso en la dilatometria y los nimeros obtenidos son los que se refieren al indice de grasa

sélida.

— Punto de fusion. El punto de fusiéon usualmente se refiere a la temperatura a la

cual un componente puro cambia de la fase sélida a la fase liquida. En el caso
de la grasa comercial, la cual es una mezcla de triglicéridos (y fase de
monogliceridos y otros emulsificantes) no ocurre cambios de forma. Este
también se puede definir como el punto de fusion Wiley que es la temperatura,
bajo las condiciones de esta prueba, en la que la muestra de disco asume una
forma esférica y estd, nos da un indice de la temperatura a la que se funde la
muestra.

Estabilidad oxidativa. Resistencia a la autoxidacion es importante en las
grasas y aceites, especialmente en algunas aplicaciones como los son la
fritura. Para la medicion de esta resistencia el aceite es calentado en presencia
de oxigeno, y el perfodo de tiempo necesario para el valor de per6xido alcanza

un nivel especifico que lo determina.

Método de actividad de oxigeno (AOM): La estabilidad oxidativa de la grasa es

medida por la AOM> El aire es burbujeado a través del aceite o la grasa a un temperatura

de alrededor de 97.8°C. Peridédicamente, las muestras de aceite son retiradas y el valor del
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peréxido es determinado. El tiempo requerido para el desarrollo a una concentracion de

peroxido de 100 meg/kg es el AOM que es la estabilidad oxidativa de la muestra.

indice de estabilidad del aceite (OSI): EL punto final para la estabilidad del aceite
es medido automéaticamente en esta prueba. El aire es burbujeado a través de aceite
caliente, y uno de los productos es desglosado (4cido férmico) es cargado por vacio de
aire dentro de una celda de agua destilada. La maquina monitorea la actividad del agua
continuamente. El tiempo al cual sube bruscamente es al final del punto de
determinacién. La proporcién de la reaccion de autoxidacion es exactamente el doble de
cada 10 grados Celcius que se incrementa la temperatura. Y el aparato es usualmente

operado a 110°C en un corto periodo de prueba.

Bomba de oxigeno: La muestra es sellada en un contenedor adjunto al lugar del
medidor de la presion. La bomba es presurizada con oxigeno a 100 psi, después es
puesto en un bafio de agua. El punto final es el tiempo cuando la muestra empieza
absorber oxigeno rédpidamente y forma gotas de presién. Esto es reportado a la bomba de

oxigeno y los resultados corresponden a la vida ttil del producto.

Sensorial. Color: Los aceites difieren inherentemente por su color y esto
depende de la fuente de la cual provengan. Como siempre un aceite refinado
que provenga de una fuente especifica es de color oscuro. El color es
usualmente medido utilizando el Tintometro Lovibond; en el cual el aceite es
colocado en un tubo de mediciones estandares y es comparado con vidrios de
color estandar, que usualmente son rojos y amarillos. Los analistas intentan

una combinacion de vidrios estandares hasta que obtienen un match. Los
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resultados son usualmente expresados cono los nimeros de los vidrios

estandares.

Sabor y olor: Evaluacion organoléptica del aceite con un prueba empirica lo cual
no sustituye la experiencia del analista. Los factores negativos significan rancidez
oxidativa, reversion de sabores. La reversion de sabores se produce muchas veces porque
los aceites son almacenados después de la refinacion. Por ejemplo el aceite desarrolla un
sabor afrijolado y el aceite de palma un sabor metalico. El olor que desarrollan los aceites
es el de rancidez oxidativa y son causados primordialmente por el aldehido que es volatil
y los compuestos ceténicos del desglose de los peréxidos de 4&cidos grasos. La
evaluacion es mejor cuando se utilizan aceites que han sido calentados alrededor de 40-

50°C en un bafio de agua.

Indice de yodo. El indice de yodo es una medida de la insaturacién de acidos
grasos y es expresada en términos del nimero de centigramos de yodo

absorbido por gramo de muestra (% yodo absorbido).

Aplicacion: aplicable para todas las grasas y aceites normales que no contengan

enlaces dobles conjugados.

— Acidez titulable. Este método determina los acidos grasos libres existentes en
la muestra, es aplicable a todos los aceites vegetales crudos y refinados,

aceites maritimos y grasas animales.

Indice de peroxido. Este método determina todas las sustancias, en términos

de miliequivalentes de peréxido por 1000 gm de muestra, que oxidan el ioduro
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de potasio bajo las condiciones de la prueba. Generalmente se asume que las

sustancias son perdxidos yu otras sustancias similares que oxidan la grasa.

Este método es aplicable a todas las grasas y aceites normales, incluyendo
margarina. Este método es altamente empirico y cualquier variacion en la prueba puede

provocar variaciones en los resultados.

— Cromatografia de gases: La cromatografia de gases (CG) es una técnica de
separacion que ha revolucionado la quimica analitica. James y Martin la
idearon en 1952. No tardé en aplicarse tanto a compuestos organicos como
inorganicos, y cuando fines de 1954 aparecieron en el comercio los primeros
instrumentos, esta técnica empezd a utilizarse en grado creciente. En 1980 se
estima en mas de 200, 000 el nimero de cromatdgrafos de gases en el mundo

y en mas de 30, 000 de publicaciones sobre el tema.

La cromatografia es método fisico de separacién basado en la distribucion de la
muestra entre dos fases. Una fase es lecho estacionario de extensa superficie empacada
apretadamente dentro de una columna. Esa es la fase estacionaria y puede ser un sélido o
una delgada pelicula liquida que reduce al sélido. La otra fase consiste en un gas o
liquido que percola sobre la fase estacionaria y alrededor de la misma. Esta fase se

denomina fase movil. (13

En la cromatografia de gases, la fase mdvil se denomina gas portador, ya que es
un gas inerte cuya finalidad es transportar las moléculas de la muestra a través de la

columna. 13y
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— Determinacion de calcio.: El calcio en una solucién de muestra reducida a

cenizas puede ser determinado por:

Determinacion de calcio por precipitacion como oxalato. El calcio es
precipitado como oxalato insoluble de sus soluciones amoniacales. En este
método, pueden interferir un exceso de magnesio y fosfatos, por lo que es

necesaria una estricta adhesion al método.

Determinacion de calcio por espectrofotometria de absorcion atéomica. El
residuo de las cenizas se trata con HCI diluido y se realizan diluciones de
la muestra. La muestra posteriormente, se lleva al espectrofotdmetro
donde se determina la cantidad de calcio presente comparando con una

curva estandar de él.

Andlisis proximal: El propésito principal de un analisis proximal es
determinar, en un alimento, el contenido de humedad, grasa, proteina y
cenizas. Estos procedimientos quimicos revelan también el valor nutritivo de
un producto y como puede ser combinado de la mejor forma con otras
materias primas para alcanzar el nivel deseado de los distintos componentes
de una dieta. Es también un excelente procedimiento para realizar control de
calidad y determinar si los productos terminados alcanzan los estandares

establecidos por los productores y consumidores.

5.11. Calcio (Huesos y sistema nervioso)

Su férmula es Ca. Es una sustancia blanquecina que los huesos y dientes acaparan |
y conservan para asegurar el crecimiento y mantener la solidez del esqueleto, que es

nuestra arquitectura interna. Puede asegurarse que el 90% de todo nuestro calcio esta




precisamente formando parte de los huesos y que sélo el 10% restante esta distribuido
por los musculos, el cerebro, la sangre, el corazdén. Su papel es tan importante que, sin él,
ni los nervios podria cumplir correctamente su mision, ni dl corazén podria latir. Una

disminucién de calcio en sangre puede tener consecuencias graves.

Una de sus funciones mas curiosas es la de frenar la excitabilidad del sistema
nervioso y muscular. Se logra gracias al calcio contenido en la sangre, cuya cifra es de
1.000 mg/L. Para mantener esta cifra vital constante, el organismo tiene sus reservas si
falta, es cuando echa mano de los huesos y de alli lo toma. Si sobra, lo devuelve a las
piezas 6seas. Otra de sus funciones es el desarrollo del esqueleto, sobre todo del nifio.
Cuando falta, es por raquitismo o por desmineralizacion. En el adulto la falta de calcio
podria llevar al proceso de osteoporosis, es decir, la pérdida de masa 6sea. Por otra parte
el calcio facilita el paso del influjo nervioso a través de las conexiones neuromusculares,
normaliza el suefio, la tension sanguinea, el equilibrio del higado, la coagulacion de la

sangre y otras muchas funciones fisioldgicas.

La Organizacion Mundial de la Salud recomienda una ingestiéon diaria de al
menos 300 miligramos de calcio, subiendo hasta los 700-800 si se trata de una mujer
gestante o un individuo en periodo de crecimiento. Como es sabido, los alimentos mas
ricos en calcio son la leche y todos los derivados lacteos. El pan, la carne, los tomates, las

patatas y algunos pescados también contienen calcio.

Funciones: Es un constituyente de la dentadura y de los huesos, regula el sistema

nervioso y muscular, el suefio y la tensién sanguinea.
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Deficiencia: Raquitismo, osteoporosis, palpitaciones, calambres musculares,

insomnio. Es componente de: Huesos, dentadura, ufias, sangre, corazén y piel.

Fuente alimenticia: Leche y productos lacteos, pan, carne, patatas, sardinas, salmoén. Etc.

Los niveles de calcio en el suero son regulados cuidadosamente por la

homeostéatica de la gldndula paratiroidea y la vitamina D. Los cambios en la

concentracion del suero del calcio son dirigidos por la distribucién en el funcionamiento

del sistema nervioso, el corazon y otros musculos. En el caso de la disminucion de la

concentracion del calcio, la absorcidén de tracto gastrointestinal se incrementa o los

enlaces del calcio del esqueleto son movilizados hacia la circulacidén sanguinea.

Influencia de la retencion de calcio a partir de otros nutrientes: a) Proteina: Una
alta ingesta de proteina resulta incremento en la perdida de calcio a través de la
orina. 11y v b) Proporcion de calcio y fosforo. Numerosos estudios,
particularmente de animales deficientes en vitamina-D han mostrado que la
proporcion de calcio/fésforo ha de ser un factor determinante para evaluar los
requerimientos de calcio. Las dietas del ser humano consisten especialmente de
productos vegetales donde es casi invariable el contenido de fésforo y calcio, lo
cual indica que la retencion de calcio no se ve afectada por los niveles de fésforo.
a1 ¢) Minerales y trazas de elementos: Los niveles de calcio en el dieta puede
interferir con la absorcion de otros minerales divalentes tales como: magnesio,
hierro, zinc y cobre. Las cantidades de calcio en la dieta son inversamente

proporcionales a la absorcion de otros minerales y trazas de elementos.

Las pérdidas de calcio a través del cuerpo se producen de la siguiente forma:

— 15 a20 mg/ dia en condiciones normales sedentarias
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— 100 a 350 mg/dia son excretados.

~ En la orina depende de la cantidad de proteina ingerida.

— 130 mg/dia de las células del tejido epitelial y de la secrecion digestiva dentro
del tracto intestinal. (1) El consumo de calcio varia enormemente en el
mundo, oscilando entre 800 mg/dia o mas en los paises industrializados y 200-
300 mg/dia en los paises en desarrollo. Paradéjicamente, la osteoporosis es
mas frecuente en los paises industrializados.

— Dosis: 150 mg (15%) por porcion

¢ Alegacion de salud (Health Claim)

La baja ingesta de calcio es un factor de riesgo para la osteoporosis, una condicién
de la disminucion de masa dsea o densidad. A largo de toda la vida una adecuada ingesta
de calcio ayuda a mantener la salud 6sea. Alimentos tipicos: Bajo en grasa y leche
descremada, yogurt, tofu, enriquecido con calcio citricos bebidas, y algunos suplementos

de calcio.

Requisitos: complementar la alimentacion para que sea "alto" en calcio y no
deben contener més fésforo que calcio. Las reclamaciones deben citar otros factores de
riesgo; estado la necesidad de que el ejercicio regular y una dieta saludable; que explicar
una cantidad de calcio adecuada temprana en la vida y ayuda a reducir el riesgo de
fractura reclamaciones por productos con mas de 400 mg de calcio por dia debe indicar

que es sobre una ingesta diaria de 2000mg.

Reclamacion muestra: "El ejercicio regular y una dieta saludable con suficiente
calcio ayuda a los adolescentes, adultos jovenes blancos, asiaticos y a la mujer a

mantener una buena salud 6sea y reducir el alto riesgo de osteoporosis.
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5.12.  Acidos grasos omega-3

Son acidos grasos que tienen su doble enlace en medio del 3° y 4° dtomo de
carbono, el nombre de Omega se le atribuye a Holman debido a que el disefio este
sistema de nomenclatura, el cual proviene del alfabeto griego. El sistema Omega implica
empezar contar desde el metil que se encuentra al final de la cadena de la molécula del
acido graso hasta llegar al primer doble enlace de la molécula del 4cido graso el cual debe

encontrarse en el 3° atomo de carbono contando de atrds hacia delante hacia delante.

Son sustancias de las cuales se sabe que reducen el riesgo de las enfermedades
cardiovasculares, a partir del siglo XX nutricionalmente se sugiri¢ introducirlas en la
dieta de las grasas para proveer energia y proporcionar grasa que beneficiara la salud del
ser humano. Estos 4cidos grasos no son solo relevantes para prevenir el riesgo de las
enfermedades cardiovasculares sino también para el desarrollo y funcionamiento del

cerebro.

Acidos grasos esenciales poliinsaturados : w-6 y w-3. El 4cido linolénico o acido
alfa linolénico es encontrado en los cloroplastos de las hojas verdes de los
vegetales como la espinaca, semillas de lino, linaza, nueces etc. El 4cido
eicosapentaenoico (EPA) y el 4cido decosahexaenoico (DHA) se encuentran en
pescado. Este acido es convertido a través de una serie de desaturacion y pasos de
elongacién en acido araquidénico y éacido alfa linolenico en EPA y DHA. La
elongacion y desaturacion del 4cido alfa linolénico a EPA y DHA ocurre en los
leucocitos del ser humano e higado del ser humano y roedores (ratas). Los 4cidos
w-3 y w-6 compiten por las enzimas de la desaturacion. Pero ambas enzimas
desaturasas 4 y 6 (enzimas que estan implicadas en a desaturacion) prefieren al

acido w-3 que al 4cido w-6. La retroconversion de DHA y 4cido araquiddnico a
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los acidos de cadena corta ha sido mostrado-que ocurre por la beta () —~oxidacion
en humanos.

Dosis: De2 ga3 gpor dia.

Relacién de
omega-6a
Clase de aceite de soya Gramos por cucharada  omega-3
_ Omegas _ Omegar3 _
Aceite bésico de soya (aceite para 6.94 092 81
<ocinar o para ensaladas) e , N
Mayonesa, acelte de soya 520 0.69 81
Alimentas para untar, 70% e aceite 206 0.22 91
vegetal (Soya ¥ aceites de soya
hidrogenados) ,
Margarina, barra dura, acelte de soya | 74 0.2 3.0
hidrogenado
Aceite de soya bajo en dcido inolénico 762 014 56:1
(196}
Aceite de soya para todo propdsite, 117 0.03 39
parcialmente hidrogenado, industrial 7
Manteca vegetal, para freit, trabajos 0.03 0.01 EH|

pesados, hidrogenada <19 linokeico

Fuente: ESHA Tood processer SQL softwate; lowa State University.,

€]
e Alegacion de Salud (Health Claim)

La Administracion de Alimentos y Medicamentos (FDA) anuncié la
disponibilidad de una alegacién cualificada para la reduccion de riesgo de cardiopatia
coronaria (CC) en alimentos que contienen 4acido eicosapentaenoico (EPA) y 4cido
docosahexaenoico (DHA), 4cidos grasos Omega-3. Normalmente, la EPA y DHA

Omega-3 los 4cidos grasos contenidos en los pescados grasos como el salmoén, la trucha e
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lago, el atin y el arenque. Estos 4cidos grasos no son esenciales para la dieta, sin
embargo, la evidencia cientifica indica que estos 4cidos grasos pueden ser beneficiosos
en la reduccion de las enfermedades del corazon. "Enfermedad coronaria es un
importante problema de salud que causa 500.000 muertes al afio en los Estados Unidos",
dijo el Dr. Lester M. Crawford, Comisionado de la FDA Actuacion. "Esta nueva
reclamacion de la salud calificados acidos grasos Omega-3 deberia ayudar a los
consumidores a medida que trabajamos para mejorar su salud mediante la identificacion

de los alimentos que contienen estos compuestos importantes."

Una calificada declaracién de propiedades saludables en los alimentos deben ser
apoyadas por pruebas cientificas. Sobre la base de una evaluacion sistemaética de los datos
cientificos disponibles, como se indica en la FDA "interino Procedimientos para
Calificados de Salud de Reclamaciones en el etiquetado de los alimentos convencionales
Humanos y Humanas suplementos dietéticos", la FDA estd anunciando una alegacion
cualificada para la EPA y DHA grasos Omega-3 4cidos. Si bien esta investigacion no es
concluyente, la FDA tiene intencion de ejercer su facultad discrecional de aplicacion con
respecto a la alegacion de propiedades saludables cualificada siguientes: "De apoyo pero
no concluyentes de la investigacion muestra que el consumo de EPA y DHA 4cidos

grasos Omega-3 puede reducir el riesgo de enfermedad coronaria.

En 2000, la FDA anuncio6 una reclamacién de salud calificado suplementos dietéticos
que contengan EPA y DHA Omega-3 4cidos grasos y la reduccion del riesgo de
cardiopatia coronaria. La FDA recomienda que los consumidores no excedan mas de un
total de 3 gramos por dia de EPA y DHA Omega-3 4cidos grasos, con no més de 2

gramos por dia de un suplemento dietético.
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5.13. Evaluacién funcional fisica de la margarina
Untabilidad: 1.as caracteristicas de untabilidad ha sido predichas por medio de

penetrometros de cono por medio de la siguiente expresion:

_ myr
p.= ”
d.:
Donde:
Pa= fuerza para superar la resistencia a la penetracion del cono en el
material. El cual se denomina “valor de cedencia para el flujo
(yield value).”
Mg = peso del cono méas el peso de otras partes movibles del
penetrémetro.
0= constante con un valor de aproximadamente 2.
d= profundidad a la que el cono penetra en la muestra.
k= 1/0 cos® a cot a. En donde a es la mitad del 4ngulo del cono.

Haighton demostrd que la untabilidad de la margarina y de otros materiales tipo
manteca pueden predecirse a partir de valores de Po, siempre y cuando las pruebas se
realicen bajo condiciones controladas de temperatura. EI indice de untabilidad de

Haighton esté definido como:
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U.L =p,-0.75 (py - p1)

Donde Po y Pt son, respectivamente los valores de cedencia para el flujo de la
muestra antes y después de ser trabajada. El “trabajo” (working) se logra pasando la
muestra a través de un pequefio orificio, como en el caso de un extrusor o de una
moledora de carne. El “trabajo” destruye la red entrelazada que existe entre los cristales
de grasa. Posteriormente, durante el almacenamiento, ocurre reoganizaciéon de la
estructura destruida previamente. Esta destruccion y reoganizacion de la margarina
sucede a tasas distintas. Para explicar este comportamiento, se ha sugerido que la red
entrelazada de los cristales de grasa estd compuesta por dos tipos de uniones, “primarias”
y “secundarias”. Las uniones “primarias” son muy fuertes y no se rompen facilmente,
pero una vez rotas no se reorganizan durante el tiempo que dura el experimento. Su
origen se desconoce realmente, pero se ha sugerido que son debidos a poderosas fuerzas
de atraccion existentes entre cristales de grasa. Las uniones “secundarias” son fuerzas de
atraccion de van der Waals entre los cristales de grasa, las cuales son débiles y facilmente
rotas, pero también son facilmente reorganizables.  Consecuentemente, uniones
“secundarias” y en menor proporcion las uniones “primarias” son destruidas durante el
“trabajo” pero tan solo las uniones “secundarias” se reorganizan durante el

almacenamiento subsecuente.

La relacidn uniones (“primarias” “secundarias”) influye en la plasticidad. Cuando
la relacion es muy alta la margarina es muy dura y fragil. Mientras que cuando esta

relacién es muy baja, el producto es fluido. De alli que sea importante el obtener una
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relacion correcta. Los cambios en las propiedades reoldgicas se pueden estudiar durante

el “trabajo” y el subsecuente almacenamiento con mayor detalle.

Cuadro 1
Caracteristicas de untabilidad de la margarina y de productos grasos en general

<50 Muy suave, fluible
50-100 Muy suave, pero no untable
100-200 Suave pero untable
200-1000 Sastisfactoriamente untable
>1000 Muy dura, no untable

Fluido no Newtoniano (Pldstico): Los fluidos plasticos son aquellos que no
fluyen hasta que son sometidos a un esfuerzo cortante limite determinado,
llamado esfuerzo de deformacion plastica, umbral de fluencia o limite de fluencia,
g0. En el caso de los fluidos plasticos de Bingham, una vez que se supera el valor
del umbral de fluencia, la velocidad de deformacion es proporcional al esfuerzo,
como en el caso de los fluidos newtonianos. Estos fluidos exhiben propiedades de
liquido a esfuerzos superiores al umbral de fluencia por lo tanto pueden ser

clasificados tanto como liquidos como sélidos. (23

El producto plastico ideal es el descrito por el modelo de Bingham:
g=g0+Myn
Donde:
go= es el umbral de fluencia y M es la viscosidad plastica. El umbral de

fluencia puede ser consecuencia de un entrelazado de moléculas o
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particulas debido a su gran tamafio, ramificaciones o forma irregular.
También puede ser debida a la formacion de redes provocadas por las

interacciones entre moléculas o particulas.

Entre los alimentos tipicamente plésticos se encuentran el puré de patata y la nata
batida, el chocolate fundido y algunas grasas como margarinas y mantequillas. El modelo
de Bingham ha sido también utilizado por algunos autores para describir el
comportamiento reoldgico de pastas de fécula de mandioca, suero de puré de albaricoque
a gradientes de deformacidén bajos de geles de pectina y de algunos zumos naturales de

manzana,

Dureza : Las margarinas deben tener una cierta estructura cristalina para
mantener una consistencia semisolida a temperatura ambiente y a la temperatura
de frigorifico. Se requiere que se derritan rapidamente a la temperatura corporal,
por lo que la margarina se derretira rdpidamente en la boca sin dejar una

sensacion pegajosa.

La grasa de la margarina es polimorfica, es decir, es capaz de formar varios tipos
diferentes de cristales. Los cristales a son los mas pequefios, originan un cristal liso pero
inestable. Los cristales b ' tienen un tamafio medio, y siguen siendo los deseados para las

margarinas porque proporcionan una textura lisa, son bastante estables y aseguran la

plasticidad del producto. Los cristales de mayor tamafio son los de tipo b, que son .

estables y granulados, y generalmente indeseables. Ademas, la forma b se convierte

facilmente en una estructura dura y quebradiza.
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5.14. Produccién mundial de margarinas

La producciéon mundial de margarinas en el afio 2000 superé los 12.000.000
de toneladas.

Entre 1990 y 2000 el crecimiento anual promedio de la produccion fue de 0,5
%. En el periodo 1990 - 1995 la tasa de crecimiento alcanzé 0,6% mientras
que entre 1996 y 2000 se evidenci6 una desaceleracion llegando solo al 0,15
%.

Los principales paises productores fueron Estados Unidos (29 %) y Paquistan
(12 %) e India (8%).

La 6° ubicacion a nivel mundial la ocupa Brasil.

Grafical
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5.15. El consumo de alimentos en Guatemala

Gréfica 2
Patron de consumo de azucar, aceite vegetal
y margarina, por regiones (Porcentaje de hogares)
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Grafica 3

Patron de consumo de azicar, aceite vegetal
y margarina, por nivel de ingreso (% hogares)
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VI. METODOLOGIA
A. Materiales
o Materia Prima
- Agua
~ Sal
— Suero dulce
—  Acido citrico
— Benzoato de sodio
— Sorbato de potasio
— Sabor crema
— Grasa vegetal
— Lecitina de soya
— Emulsificantes
— Vitamina D
— Vitamina A
— Sabor mantequilla
— Calcio

- Omega-3

B. Equipo de Laboratorio y Reactivos
— Andlisis de Grasa
* Unidad de destilacién “ Soxhlet”
* Balanza Analitica
= Espatula

»  Lter dietilico
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— Andlisis de Proteina

Aparato de digestion Labconco
Aparato de destilacion kjeldahl
Balanza Analitica

Balones Kjeldahl de 100 ml.

Acido Sulfurico Concentrad

Oxido de Mercurio (grado reactivo)
Sulfato de Sodio Anhidro (grado reactivo)
Solucién de Acido clorhidrico 0.1 N
Solucion de hidréxido de sodio 10 N
Solucion indicadora de rojo de metilo
Acido bdrico al 4% (p/v) en agua
Tiosulfato de sodio al 8% (p/v) en agua

— Analisis de humedad

Horno Fisher Scientific Isotemp® 500 series

Desecadora
Balanza Analitica

Capsulas y tapa de aluminio

— Determinacion de Calcio

Mufla Thermolyne 62700
Mechero

Balanza Analitica
Campana de extraccion
Crisoles de porcelana

Espectrofotdmetro de Absorcion Atémica
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~ Determinacion de pH

Ph metro

Pizeta

Beakers

Solucién Bufter pH 4.00
Solucién Buffer pH 7.00
Agua destilada

— Punto de Fusién (Wiley)

Alcohol etilico

Agua

Probeta de 100 ml

Aire

Termémetro

Plato de acero de aproximadamente 10mm de espesor y 150mm
por lado.

Beaker de 1000 ml

— Indice de yodo

Erlenmeyer de 250 ml con tapén
3 pipetas de 5,20 y 25 ml
Pinzas de buerta y soporte
Balanza analitica

Yoduro de potasio

Solucién wijs

Tiosulfato de sodio

Yoduro

Tetracloruro de carbono

34




=
— Acidez

Dicromato de potasio
Solucidn soluble de almidon

Agitador electromagnétio

Erlenmeyer de 250 ml
Soporte

Pinzas para bureta
Agitador electromégnetico
Balanza analitica

Alcohol etilico
Fenolftaleina

Hidréxido de sodio

— Indice de per6xido

Balanza analitica
Erlenmeyer de 250 ml
Soporte y pinza para buretas
Agitador electromagnetico
Acido acético

Cloroformo

Toduro de potasio

Almidén

Tiosulfato de sodio

Dicromato de potasio

— Cuantificacién de acidos grasos

Papel filtro Whatman No. 44
Beaker de 100 ml
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Balén aforado de 25 ml

Pipetas Pasteur

3 Pipetas seroldgicas de 5 ml

Cromatdgrafo de gases

Estufa

Integrador PE NELSON

Solucion de hidréxido de sodio: 20gm en 1000 ml de metanol
Trifloruro de boro

Heptano

Solucion de cloruro de sodio saturada

Sulfato de sodio anhidro

— Vida de anaquel

Agua desmineralizada

Beaker de 500 ml

Tubos de ensayo de pléstico y vidrio con tapén
Pipetas Pasteur

Aparato OSI

C. DIAGRAMA DE FLUJO DE ESPECIFICACIONES
PROCESO A NIVEL DE LABORATORIO

* Ingredientes



Tabla 1

Orden de adicion de los ingredientes

FORMULACION:
No. INGREDIENTES
i Grasa vegetal
2 Lecitina de soya
3 Emulsificante
4 Omega-3
5 Vitamina A
6 Vitamina D
7 Calcio
8 Sabor mantequilla
9 Agua
10 Sal
11 Suero dulce
12 Acido citrico
13 Benzoato de sodio
14 Sorbato de potasio
15 Sabor crema

Tabla 2
Equipo para realizar los ensayos a nivel de laboratorio

1 NR‘e’mplen)te mhhdﬂco lérgo\dé acero ]
inoxidable con capacidad de 1 kg
2 | 4 Beakers de 500 ml

1 | Espatula

1 | Varilla de agitacion
1 | Un recipiente para bafio de agua fria

1 | Un agitador eléctrico




Procedimiento:

L.
11
III.
IV.
V.

VI

VIL

VIIL

IX.

b, 8

Pesar la grasa vegetal.

Derretir la grasa en el recipiente cilindrico de acero inoxidable.

Pesar en un beaker los ingredientes del 2 al 8 que se mencionan en la tabla No.1.
Pesar en un beaker el agua.

Pesar en un beaker los ingredientes del 10 al 15 que se mencionan en la tabla
No.1

Mezclar los ingredientes del paso No. V con el agua hasta que esté homogénea
la mezcla.

Mezclar los ingredientes del paso No. III con un poco de la grasa vegetal hasta
que este homogénea la mezcla.

Mezclar en el recipiente cilindrico de acero inoxidable las mezclas del paso VIy
VIIL

Calentar y agitar la mezcla final a una temperatura que no exceda los 45°C.
Colocar agua y un poco de hielo en el recipiente para bafio agua fria e introducir
el recipiente cilindrico del paso No. IX.

Agitar por 15 minutos hasta obtener la cristalizacion del producto y dejar que se

solidifique.

Especificaciones del producto

R4.7A70
COLOR max
ACIDEZ (%FFA) 0.050 méx |SABOR BUENO
PEROXIDO (meq/kg) 1.0 max OLOR BUENO
PTO FUSION (°C) 43.0 - 44.0
INDICE DE YODO 42.0 - 44.0
HUMEDAD (%) 15.50
ACEITE (%) 81.00




D.

Tabla 3

Equipo utilizado durante el proceso industrial

1 Pesaje

2 Tanque de Mezclado
3 Homogenizador

4 Tunel de enfriamiento
5

6

Cristalizacion
Formacién del producto por extrusion

7 Cortey Empaque
Te = Temperatura de Entrada
Ts = Temperatura de Salida

t =tiempo
Nomenclatura . P

F = Flujo

V = Velocidad

Tagua = Temperatura del agua
T frio = Temperatura fria

Metodologia
El desarrollo del presente trabajo se realizaraen 7 etapas:

I.  Conseguir muestras de Omega -3 y calcio.Solicitar muestra por medio de
proveedores.

II. Disefiar la formula de margarina con Omega-3 y calcio. Realizar ensayos para
obtener la formula final de la margarina fortificada con Omega-3 y calcio.

III. Evaluar la calidad de la margarina a través de andlisis fisicoquimicos y
microbioldgicos. Establecer pardmetros de calidad para el proceso de elaboracion
de la margarina fortificada con Omega-3 y calcio.

IV. Realizacidn de andlisis proximal Para determinar el contenido nutricional del

producto.
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V. Vida de anaquel Se realizard un estudio de vida de anaquel en condiciones de
vida acelerada para definir el tiempo de vida util del producto final.

VI. Evaluacion sensorial Se realizara una prueba hedonica para determinar la
aceptabilidad y el impulso de compra de la margarina fortificada con Omega-3 y
calcio.

VII. Evaluacion de costo del producto. Se realizara un andlisis de costo para
determinar el precio del producto final de la margarina fortificada con Omega-3 y

calcio.
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VII. DATOS Y RESULTADOS

7.1  Analisis fisicoquimicos (AOCS)
7.1.1 Contenido de Grasa Sélida (NMR)

Tabla 4
Porcentaje de grasa solida
para margarina con (W-3 y Ca) y sin (W-3 y Ca)

10.5 235 21.39

211 10.15 11.04

26.7 544 5.96

333 1.16 XY
QGrafica 4

Porcentaje de grasa solida para una margarina
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7.1.2 Parametros fisicoquimicos

Tabla 5
Parametros fisicoquimicos para una margarina
con (W-3y Ca) y Sin (W-3yCa

Margarina

Sinw-3yCa £0.5 | Con W-3yCa=£0.5
Color: Lovibond A=70, R=24 A=70,R=22
Perdxido (meq/Kg) 0.2 0.2
Acidez (%FF) 0.22 0.22
Punto de Fusion
Wiley C) 35.6 36
Ind'l.ce de Yodo Prom. 97.24 Prom. 98.70
(Wijs):
Humedad (%) 25.32 24.01
Residuo (%) 2.98 3.8
Aceite (%) 71.7 72.2
Sal (%,) 1.2 1.5
Vida Util 8 Meses 7.5 Meses

T2 Evaluacion Sensorial

7.2.1 Resultados de Evaluacidn Sensorial Heddnica

Tabla 6
Resultados de prueba Hedonica de una margarina sin W-3y Ca.
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Tabla 7
Resultados de Prueba Hedoénica de una Margarina con W-3 y Ca.

7.2.2 Resultados de evaluacion sensorial de preferencia

Tabla 8
Resultados de prueba de preferencia para una margarina
con y sin W-3 y Ca.

La muestra se caracterizo por tener
Control A 33 8 buena cremosidad, sabor, olory
apariencia apetecible

La muestra se caracterizo por tener
buen sabor, olor, buen color,
apariencia en general, ser menos
salada y més apetecible.

Ensayo 2 B 67 16

Nulo 0 0
Total 100 24

N/A
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Grafica 3
Evaluacion sensorial de prueba de margarina

Control & Ensayo 2

7.3  Evaluacion de intencion de compra

Tabla 6
Evaluacion de Intencion de compra para una Margarina con y sin W-3 y Ca.

Si lo comprarian porque tiene
buen sabor, buen color, buena
cremosidad y buena textura.
Si la comprarian porque tiene
rico sabor, buen olor, buena
cremosidad, buen color y
textura caracteristicos de una

No la comprarian porque
le hace falta sabor y sal.

No la comprarian porque
le falta sabor, olor,
cremosidad y sal.

Grafica 4
Intencion de compra de margarina control
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Grafica 11
Intencion de compra de margarina
(Ensayo 2)

29.2,29%

62.5,63%
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7.4 Calculos

7.4.1 Calculo 1: Determinacidn de calcio

44.35mg

Cantidad de Ca obtenido en 100g de muestra: —— -~
100g

Porcién o cantidad de referencia para una margarina: 14 g
Valor Diario segtin (VD) FDA: 1000 mg
Valor de Referencia del Nutriente (VRN) segin CODEX: 800 mg

=0.62% <2%VD

g# 44.35mg .. 100%
100g  1000mg
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« 44.35mg , 100%
100g  800mg

l4¢g = 0.76% < 5%VRN

* Valor de calcio obtenido por absorcién atdmica

Sol. D=1 ml de la Sol. C diluidaen 10 ml

Sol. C = muestra de ceniza preparada en 25 ml

6.10mgCa_, 10miSol.D ,  25miSolC . ., _ 44.35mgCa
o= A4.3omgCa

1000miSol.D  1miSol.C  3.4379gMDEMARG 100 gmuestra

7.4.2 Célculo 2: Determinacion de Omega 3.
— Porcién o cantidad de referencia para una margarina: 14 g
— Cantidad de Omega-3 en muestra patrén: 550 mg

— Cantidad de Omega-3 en muestra de margarina:

Por cromatografia:

—  Area de muestra parén: 70376400

— Area de muestra de margarina: 13349400

— Cantidad de mg de Omega-3 en la muestra de margarina

550mgaw -3
703764004

133494004 * =104.327mgw ~3
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' 104.327mgw -3
Cantidad de Omega-3 en 100 g de muestra: 100gMuestra

Porcentaje de Omega-3 obtenido en la muestra:

0
104.327mgw—3%—20% 18 9704
550mga -3

o Valor a declarar en el etiquetado nutricional

£ 104.32Tmgo -3, 100%
100g 550mgaw -3

=2.66%

l4g

7.4.3 Calculo No. 3: Determinacion de vida atil

— Indice de Estabilidad del Aceite (OSI) en tiempo (hrs): 45.8 hrs OSI

— Factor de correccion de hrs OSI a hrs AOM (Método de Oxigeno Activo):
0.985

— 45.8 hrs OSI * 0.985 =45.113 hrs AOM

— Factor de conversion de hrs AOM a dias: 5

Imes

45.113 hrs AOM *5 = 225.565dias * =7.5meses

dias

7.4.3 Céalculo 4:




Tabla No.
Costo de producto
FASE ACUOSA COS(T(;)/I:(Cg))R Ke % g Kg COSTO (Q)
AGUA (%) Q0.28 23.0420 92.1680 0.0922 Q0.03
SAL (%) Q1.65 1.6000 6.4000 0.0064 Q0.01
SUERO DULCE (%) Q7.35 1.4000 5.6000 0.0056 Q0.04
AcIDO CITRICO (%) Q8.17 0.0400 0.1600 0.0002 Q0.00
BENZOATO DE SODIO (%) Q33.15 0.0500 0.2000 0.0002 Q0.01
SORBATO DE POTASIO (%) Q12.70 0.0500 0.2000 0.0002 Q0.00
CALCIO Q60.00 0.5000 2.0000 0.0020 Q0.12
SABOR CREMA (EMCA) (%) Q115.22 0.0150 0.0600 0.0001 Q0.01
FASE GRASA
Carga H2 (100%oleina II) (%) 19.4250
Aceite Crudo de Palma (%) 3.3670 155.0000 0.1550
Estearina Ill (%) 3.1080
Aceite de Soya RBD (%) 44.1000 264.0000 0.2640
TOTAL BASE MARGARINA
LECITINA DE SOYA (%) Q23.35 0.5000 2.0000 0.0020 Q0.05
LIPODAN GRINSTED PBS 201 (%) Q52.96 0.8000 3.2000 0.0032 Q0.17
MYVEROL 18-04K (%) Q36.19 0.1000 0.4000 0.0004 Q0.01
OMEGA 3 Q1,000.00 1.8560 7.4240 0.0074 Q7.42
PREMEZCLA VITAMINICA D3 NJ 07054 (%) 0817.33 0.0050 0.0200 0.0000 Q0.02
SABOR MANTEQUILLA IFF SN 456741(%) Q251.70 0.0400 0.1600 0.0002 Q0.04
BETACAROTENO (%) Q1,384.34 0.0020 0.0080 0.0000 Q0.01
TOTAL 100.0000 400.0000 | 0.4000 Q7.94
Empaque 0.33
CIF 0.33
TOTAL Q8.60
[MER
5 | 30% WALT
0 [30% OLMECA
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7.5 Diseiio de formula

Ensayo 2
FASE ACUOSA % g
AGUA (%) 23.04 92.17
SAL (%) 1.60 6.40
SUERO DULCE (%) 1.40 5.60
A,CIDO Cﬁ'RICO (%) 0.04 0.16
BENZOATO DE SODIO (%) 0.05 0.20
SORBATO DE POTASIO (%) 0.05 0.20
CALCIO 0.50 2.00
SABOR CREMA (EMCA) (%) 0.02 0.06
FASE GRASA

Carga H2 (100%oleina I1) (%) 19.43
Aceite Crudo de Palma (%) 3.37 155.00
Estearina lll (%) 3.11
Aceite de Soya RBD (%) 44.10 264.00
TOTAL BASE MARGARINA
LECITINA DE SOYA (%) 0.50 2.00
LIPODAN GRINSTED PBS 201 (%) 0.80 3.20
MYVEROL 18-04K (%) 0.10 0.40
OMEGA 3 1.86 7.42
PREMEZCLA VITAMINICA D3 NJ 07054 (%) 0.01 0.02
SABOR MANTEQUILLA IFF SN 456741(%) 0.04 0.16
BETACAROTENO (%) 0.00 0.01

Total 100.00 400.00
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VIII. DISCUSION DE RESULTADOS

Hoy en dia los alimentos funcionales se consideran importantes debido a que
cuentan con uno o varios componentes que brindan un beneficio a la salud del
consumidor que es superior al de los nutrientes basicos. Los cambios de estilo de vida
han creado oportunidades de desarrollo y mercado para los alimentos funcionales, debido
a que el consumidor se caracteriza por contar con poco tiempo para preparar sus

alimentos, se preocupa mas por su salud y alimentacién.

La margarina por naturaleza se caracteriza por ser un alimento funcional que
contiene como componente activo fitoesteroles que ayudan a prevenir enfermedades

coronarias y a reducir los niveles de colesterol.

La adicion de calcio en la margarina presenta como resultado que es un mineral
que ha de aportar 0.62% del VD (1000 mg) segiin FDA y 0.76 % VRN (800 mg) segiin
CODEX en la nutricién del ser humano. Es decir que con base a la norma de etiquetado
de la FDA la margarina Unicamente ha de considerarse como un alimento que ayude a
cumplir el VD en la dieta del ser humano y que debe declararse dentro del etiquetado

nutricional como menor o igual al 2% del VD.

El valor diario de calcio obtenido en la margarina no permite que se pueda
colocar una alegacion de salud en el alimento que diga “fortificado con calcio” o “ayuda
a prevenir la osteoporosis” ya que para poder declarar una alegacion de salud como éstas
la FDA exige que el alimento presente un valor que sea 10 % DV/RC. Con base al

etiquetado del CODEX la normativa también exige que el alimento contenga 15 %
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VRN/100 g para poder realizar una alegacion de salud y a la vez indica que para el

etiquetado nutricional el mineral debe declararse como > 5% del VRN.

La razén de no obtener un mayor porcentaje del VD o porcentaje VRN del calcio
en la margarina para que pueda ser considerada como un alimento funcional por este
mineral y declarase en su etiquetado una alegacion de salud que de un valor agregado al
producto en beneficio tanto para el consumidor como desde el punto de vista de
mercadeo es debido a que a una mayor adicién de calcio en el disefio de formula se
pierden las propiedades organolépticas caracteristicas de la margarina como lo son el
sabor y el olor ya que durante la experimentacién se percibié un sabor amargo y un olor

diferente que iban hacer que el producto no fuera preferido o aceptado por el consumidor.

Al adicionar Omega-3 a un producto alimenticio hay que aclarar que aiin no existe
un VD o VRN definido por la FDA o CODEX ya que alin no existen estudios que
confirmen cual es exactamente el VD o VRN para este compuesto activo; sin embargo
existen productos que con base a la alegacion de salud realizada por la FDA en el afio
2000 y estudios realizados han tomado como referencia un VD de 500-1000 mg de ALA
(Acido Alfa Linolénico); ademas dependiendo de la cantidad de mg de Omega-3 que
presente el producto asi también colocan una alegacion de salud que le da un valor
agregado desde el punto de vista de mercadeo al producto como también beneficio
nutricional al consumidor tal es el caso de la margarina I Can't Believe It's Not Butter!
de Unilever. Entonces si se toma como referencia un VD de 550 mg de ALA la
margarina realizada presenta 104.327 mg de ALA lo cual permite que se pueda colocar
una alegacién de salud que mencione que es una “buena fuente de Omega-3”; se hace
énfasis también que este resultado se obtuvo tomando como muestra patrén un producto

de Omega-3 de GNG para poder realizar el andlisis cromatografico. Otra razdn por la
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cual se puede colocar la alegacion de salud de “buena fuente de Omega-3” en el
producto es debido a que dos de sus ingredientes son ricos en Omega-3 los cuales son: el

aceite de soya y el Omega-3 adicionado de origen vegetal proveniente de la linaza.

La margarina realizada se considera fortificada con Omega-3 y a la vez como
alimento funcional debido a que ha de aportar un beneficio en la salud del consumidor,

como lo es la prevencion de enfermedades cardiovasculares.

Los resultados fisicoquimicos que se presentan en las tablas No.l y 2, indican
que la adicion de calcio y Omega-3 no afectaron los pardmetros fisicoquimicos para la
margarina ya que son similares o cercanos a los establecidos; los resultados estan basados
en la metodologia de la AOCS. Al ser similares o cercanos los resultados obtenidos a
los establecidos permiten que sea factible la elaboracién de la margarina con Omega-3 y
calcio a nivel industrial debido a que no se debe cambiar, adicionar o quitar alguna parte

del proceso que se maneja actualmente dentro de la industria de aceites y grasas.

Los resultados de evaluacion sensorial obtenidos en las tablas No.3, 4, 5y 6 y
graficas No. 2, 3, 4 y 5 indican que la margarina elaborada con Omega 3 y calcio tiene
una aceptacion de 7 puntos que representa una aceptabilidad de (me gusta
moderadamente) y una preferencia del 67%, es decir que organolépticamente la
margarina se caracterizo por tener buen sabor, olor, cremosidad y aparencia en general.
Ademas se determind que la intencién de compra de la margarina es 62.5% siendo un
porcentaje alto que confirma que el producto si es ha de ser aceptado por los

consumidores dentro del mercado.
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La elaboracion de una margarina con Omega-3 y calcio si es posible de realizarse
a nivel nacional dentro de la industria de aceites y grasas debido a que su proceso no se
ve afectado; y inicamente puede considerarse como alimento funcional por la adicién de
Omega-3 debido a que la adicion de calcio no contribuye significativamente para que se

considere como fortificada con este mineral.
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IX. CONCLUSIONES

Si es posible desarrollar una margarina fortificada con Omega-3 dirigida a la
poblacidn adulta del mercado guatemalteco, sin embargo fortificada con calcio no
debido que a una mayor adicion de este mineral se pierden propiedades

organolépticas caracteristicas de la margarina como el sabor.

Se mejoro la funcionalidad de la margarina vitaminada con la adiciéon de Omega-
3 debido a que permite que la margarina se considere como alimento funcional y
buena fuente de este compuesto activo mientras que la adicidén de calcio ha de

dar un aporte minimo a la salud del consumidor guatemalteco.
Se evalu6 sensorialmente la margarina realizada con Omega-3 y calcio y presento
una buena aceptacion, preferencia e intencién de compra ante la margarina control

o caracteristica.

Se determind por vida acelerada que la estabilidad de la margarina con Omega-3 y

calcio es de 7.5 meses.

Se estima que el costo de la presentacién de margarina de 400g fortificada con

Omega-3 y calcio es de Q 8.60 para obtener un precio de venta de Q 17.50.
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X. RECOMENDACIONES

Se recomienda que para el desarrollo de la margarina con Omega-3 y calcio la
adicién de Omega-3 sea en la fase grasa y el calcio en la fase acuosa para que se

produzca una buena homogenizacion en el proceso.

Se recomienda colocar dentro del etiquetado nutricional el valor diario de calcio
segln la norma de etiquetado de FDA o CODEX y esto depende del destino en el
que se comercialice el producto ya que el % de valor diario se declara en diferente

cantidad para cada caso.

Se recomienda realizar la declaracion de Omega-3 fuera del etiquetado nutricional
debido a que atn no se tiene definido un % de VD por parte de la FDA o CODEX
y se puede tomar como ejemplo la margarina I Can't Believe It's Not Butter! de

Unilever.
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Hoja de Contro de Posiciones Prueba de Preferencia

Producto Evaluado: Margarina

Fecha:

Identificacion de Muestras

1 A B 16
2 B A 17
3 A B 18
4 B A 19
5 A B 20
6 B A 21
7 A B 22
8 B A 23
9 A B 24
10 B A 25
11 A B 26
12 B A 27
13 A B 28
14 B A 29
15 A B 30
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Info
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ta Path C:\msdchem\1\DATA\
La File 112603002ACGRA.D
tle
g On 26 Nov 2009 8:40
erator AdeM
nple muestra
sC
5 Vial 1 Sample Multiplier: 1 Samp. Amt.: 1
arch Libraries: C:\Database\NIST05a.L Minimum Quality: 0
known Spectrum: Apex
tegration Events: ChemStation Integrator - events.e
RT Area$% Library/ID Ref# CASH# Qual
9.222 0.06 C:\Database\NISTO5a.L
Decanoic acid, methyl ester 47245 000110-42-9 72
Undecanoic acid, methyl ester 57095 001731-86-8 64
Nonanoic acid, methyl ester 37542 001731-84-6 56
11.165 0.34 C:\Database\NISTO05a.L
Methyl tetradecanoate 86750 000124~-10-7 95
Methyl tetradecanocate 86752 000124-10-7 91
Methyl tetradecanocate 86753 000124-10-7 90
13.471 19.61 C:\Database\NISTO05a.L
Hexadecanoic acid, methyl ester 105644 000112-39-0 97
Pentadecanoic acid, l4-methyl-, me 105662 005129-60-2 95
thyl ester
Hexadecanoic acid, methyl ester 105639 000112-39-0 95
14.167 0.07 C:\Database\NISTOS5a.L
3-Pentenal, 4-methyl- 3127 005362-50-5 11
Cyclohexylmethyl formate 18945 002888-49~-5 10
Cyclohexanemethanol, 4-methyl-—, tr 12246 003937-49-3 10
ans-—
14.553 0.10 C:\Database\NISTO05a.L
Hexadecanoic acid, 15-methyl-, met 114867 006929-04-0 83
hyl ester
Methyl cyclohexanepropionate 36099 020681-51-0 38
4-Nonanol, 4-methyl- 28366 023418-38-4 12
15.786 7.39 C:\Database\NIST05a.L
Octadecanoic acid, methyl ester 123709 000112-61-8 99
Octadecanoic acid, methyl ester 123700 000112-61-8 98
Octadecanoic acid, methyl ester 123708 000112-61-8 97
16.236 5.82 C:\Database\NISTO05a.L
9-Octadecenoic acid (Z)-, methyl e 122321 000112-62-9 99
ster
9-Octadecenoic acid, methyl ester, 122326 001937-62-8 93
(E) -
9-Octadecenoic acid (Z)-, methyl e 122323 000112-62-9 93
ster
16.509 26.44 C:\Database\NISTO05a.L
9-Octadecenoic acid, methyl ester, 122326 001937-62-8 99
(E) -
9-Octadecenoic acid (Z)-, methyl e 122323 000112-62-9 98
ster
9-Octadecenoic acid (Z)-, methyl e 122321 000112-62-9 98
ster
16.559 1.56 C:\Database\NISTO05a.L
S9-Octadecenoic acid (Z)-, methyl e 122321 000112-62-9 99
ster
9-Octadecenoic acid (Z)—-, methyl e 122323 000112-62-9 99
ster
ASOS 88 SCAN 2.M Thu Nov 26 09:02:49 2009 Page: 1




ta Path : C:\msdchem\1\DATA\
ta File : 112609002ACGRA.D

tle :

g On 1 26 Nov 2009 8:40

arator : AdeM

nple : muestra

5C :

5 Vial 1 Sample Multiplier: 1 Samp. Amt.: 1

arch Libraries: C:\Database\NIST05a.L Minimum Quality: 0
known Spectrum: Apex

tegration Events: ChemStation Integrator - events.e

RT Area% Library/ID Ref# CASH# Qual

9-Octadecenoic acid, methyl ester, 122326 001937-62-8 98

(E) —
16.618 0.44 C:\Database\NISTO5a.L
9-Octadecenoic acid (Z2)-, methyl e 122321 000112-62-9 95
ster
9-Octadecenoic acid (Z)—-, methyl e 122323 000112-62-9 91
ster

Cyclopropaneoctanoic acid, 2-hexyl 113415 010152-61-1 91
—, methyl ester

16.700 0.08 C:\Database\NISTO05a.L

1-Pyrroline, 3-ethyl- 2922 1000073-06-0 11
Cyclohexanemethanol, 4-methyl-, tr 12246 003937-49-3 10
ans-—
10-Undecen-4-one, 2,2,6,6-tetramet 74475 042565-49-1 10
hyl-
17.037 0.04 C:\Database\NISTO5a.L
l1-Dodecyne 33486 000765-03-7 47
1-Dodecyne 33489 000765-03-7 43
Cyclohexane, methylene- 2823 001192-37-6 38
17.210 0.14 C:\Database\NISTOb5a.L
cis—7-Dodecen—-1-o0ol 45993 020056-92-2 72
l1-Pentadecyne . 63039 000765-13-9 56
6—-Dodecyne 33495 006975-99-1 53
17.328 0.10 C:\Database\NISTOS5a.L
Spiropentane, propyl- 5776 006191-88-4 53
Cyclohexane, methylene-— 2822 001192-37-6 49
Cyclohexane, methylene- 2823 001192-37-6 47

17.537 29.28 C:\Database\NISTO05a.L
10,13-0Octadecadiencic acid, methyl 121100 056554-62-2 99

ester
9,12-0Octadecadienocic acid (Z,2)-, 121106 000112-63—-0 99
methyl ester

9,12-0Octadecadienocic acid (Z,2)-, 121105 000112-63-0 99

methyl ester

18.042 0.44 C:\Database\NISTOb5a.L
EBEicosanoic acid, methyl ester 140312 001120-28-1 97
Hexadecanoic acid, 15-methyl—, met 114867 006929-04-0 87
hyl ester
Octadecanoic acid, methyl ester 123709 000112-61-8 87

18.238 0.22 C:\Database\NISTO05a.L
9,12,15-0Octadecatrienocic acid, met 119876 000301-00-8 87
hyl ester, (Z,2,2)-
11,14,17-Eicosatrienoic acid, meth 137080 055682-88-~7 87
vyl ester
cis,cis,cis-7,10, 13-Hexadecatriena 81217 056797-43-4 72

ASOS 88 SCAN 2.M Thu Nov 26 09:02:49 2009 Page: 2



ta Path : C:\msdchem\1\DATA\
tLa File : 112609002ACGRA.D

tle :

3 On : 26 Nov 2009 8:40

arator : AdeM

nple . muestra

sC :

5 Vial 1 Sample Multiplier: 1 Samp. Amt.: 1

arch Libraries: C:\Database\NISTO5a.L Minimum Quality: 0
known Spectrum: Apex

cegration Events: ChemStation Integrator - events.e

RT Area$ Library/ID Ref# CASH# Qual

18.506 0.19 C:\Database\NISTO5a.L
9,12,15-0Octadecatrienoic acid, met 119876 000301-00-8 91
hyl ester, (Z,2,2)-
cis,cis,cis-7,10,13-Hexadecatriena 81217 056797-43-4 72
11,14,17-Eicosatrienoic acid, meth 137080 055682-88-7 59
vyl ester

18.697 7.18 C:\Database\NISTO5a.L
9,12,15-0Octadecatrienocic acid, met 119876 000301-00-8 91
hyl estexr, (2,72,272)-
11,14,17-Eicosatriencic acid, meth 137080 055682-88-7 87
vyl ester
9,12,15-Octadecatrien-1-0l, (Z,%2,Z 101506 000506—-44—-5 86

)__

18.761 0.17 C:\Database\NISTO5a.L
9-0Octadecenoic acid (Z2)-, methyl e 122321 000112-62-9 90
ster
Cyclopropaneoctanoic acid, 2-hexyl 113415 010152-61-1 59
-, methyl ester
7-Hexadecenoic acid, methyl ester, 104151 056875-67-3 59
(Z) -

20.544 0.26 C:\Database\NISTOba.L

Docosanoic acid, methyl ester 154653 000929~77-1 96
Docosanoic acid, methyl ester 154652 000929-77-1 96
Heneicosanoic acid, methyl ester 147951 006064-90-0 87

23.596 0.09 C:\Database\NISTO5a.L
1,2,3,4-Hexadecanetetrol, [2R—-(2R* 118465 136953~06-5 9

»35%,48%) ]~
Aminoguanidine 846 000079-17-4 7
Aminoguanidine 845 000079-17-4 7

ASOS 88 SCAN 2.M Thu Nov 26 09:02:49 2009 Page: 3



.597

width
.023
.027
.053
.026
.032
.060
.093
066
.026
.029
.030
.029
.048
.052
.070
.035
.032
.039
.041
.033
.037
.046

OO0V OOOOODOOOOOOOCO

Area Start Time
9.161

107089
633041
36450474
123426
177500
13743028
10810061
49151539
2890923
822490
142022
73644
252494
186460
54417120
826437
404340
360459
13349400
308652
479491
159604

.098
.334
.114
.499
.600
.017
.347
.538
.590
.662
.995
.122
.258
.378
.935
.169
.367
.604
.734
.420
.488

End Time
9.274

.227
.546
.202
.617
.880
.347
.538
.590
.662
.758
.087
.258
378
.595
.101
.340
.582
.734
.820
.628
.685
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Info
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ta Path : C:\msdchem\1\DATA\
ta File : 112609001ACGRA.D

tle :
g On : 26 Nov 2009 8:12
erator : AdeM
mple : Estandar
sC :
S Vial 1 Sample Multiplier: 1 Samp. Amt.: 1
arch Libraries: C:\Database\NISTO5a.L Minimum Quality: 0
known Spectrum: Apex
tegration Events: ChemStation Integrator - events.e
RT Area$ Library/ID Ref# CAS# Qual

13.402 6.77 C:\Database\NIST05a.L
Pentadecanoic acid, 1l4-methyl-, me 105662 005129-60-~2 97

thyl ester

Hexadecanoic acid, methyl ester 105644 000112-39-0 96

Hexadecanoic acid, methyl ester 105646 000112~39~-0 94
15.736 4.67 C:\Database\NISTO5a.L

Octadecanoic acid, methyl ester 123709 000112-61-8 99

Octadecanoic acid, methyl ester 123700 000112-61-8 98

Octadecanoic acid, methyl ester 123708 000112-61-8 94

16.455 20.31 C:\Database\NISTO5a.L
9-Octadecenoic acid, methyl ester, 122326 001937-62-8 99

(E) —
9-Octadecenoic acid (Z2)—, methyl e 122321 000112-62-9 99
ster
9-Octadecenoic acid, methyl ester, 122328 001937-62-8 94
(E) -
16.514 0.94 C:\Database\NISTO05a.L
9-Octadecenoic acid (Z2)-, methyl e 122321 000112-62-9 95
ster
9-Octadecenoic acid (Z)-, methyl e 122323 000112-62-9 94
ster

l4-Octadecenoic acid, methyl ester 122314 056554-48-4 91

17.460 15.59 C:\Database\NIST05a.L
9,12-0Octadecadienoic acid, methyl 121093 002462-85-3 99

ester
9,12-0Octadecadienocic acid (Z,2)-, 121105 000112-63-0 99

methyl ester
10, 13-Octadecadienocic acid, methyl 121100 056554—-62-2 99

ester

17.569 0.11 C:\Database\NISTO05a.l

Bicyclol[2.2.1l}lheptane, 2-methyl- 5855 015185-11-2 58
Bicyclo{2.2.2]octane, 2-methyl- 10368 000766-53-0 53
Cyclohexaneethanol, acetate 36087 021722-83-8 53

18.092 0.13 C:\Database\NIST05a.L
Hexadecanoic acid, 15-methyl—-, met 114867 006929-04-0 72

hyl ester
4-Nonanol, 4-methyl- 28366 023418-38-4 17

Aminoguanidine 846 000079-17-4 9

18.229 0.19 C:\batabase\NIST05a.Ll
11,14,17-Eicosatrienoic acid, meth 137080 055682-88—-7 90

vyl ester
1,3-Cyclooctadiene 5270 001700~-10-3 58

(2)6, (2)9-Pentadecadien-1-ol 74468 077899-11-~7 40

18.765 51.21 C:\Database\NISTOS5a.l,
9,12,15-0Octadecatrienocic acid, met 119876 000301-00-8 91

hyl ester, (2,2,2)-

ASOS 88 SCAN 2.M Thu Nov 26 (08:48:16 2009 Page: 1
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ita Path C:\msdchem\1\DATA\

ita File 112609001ACGRA. D

Ltle

:g On 26 Nov 2009 8:12

erator AdeM

mple Estandar

.sC

S Vial 1 Sample Multiplier: 1 Samp. Amt.: 1

rarch Libraries: C:\Database\NISTO05a.L Minimum Quality: 0

‘known Spectrum: Apex

tegration Events: ChemStation Integrator - events.e

RT Area$ Library/ID Ref# CAS# Qual
9,12,15-0Octadecatrienoic acid, met 119875 000301-00-8 90
hyl ester, (2,2,2Z)-
9,12,15-Octadecatrienoic acid, met 119877 000301-00-8 90
hyl ester, (2,2,2)-
20.517 0.08 C:\Database\NISTO05a.L
Hexadecanoic acid, 15-methyl—-, met 114867 006929-04-0 9
hyl ester
Aminoguanidine 845 000079-17-4 7
N-Nitrosodimethylamine 766 000062-75-9 7
ASOS 88 SCAN 2.M Thu Nov 26 08:48:16 20009 Page: 2
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.466

End Time

.467
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.292
.886
.570
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Propiedades reolégicas de emulsiones

alimenticias

Vernon Carter £.J.7, Torreblanca Rolddn A."", y Lever Garcia C.A.™"*.

i

{. Introduccion’

Una gran variedad de productos
alimenticios son emulsiones, entre
las que se encuentran la mayoria de
los derivados lacteos tales como le-
che, mantequilla, crema, yogurt, he-
lados, queso, etc., algunas emulsio-
nes cdrnicas y algunos otros produc-
tos como mayonesas y margarinas.
Es conveniente que se efectéen medi-
ciones de las caracteristicas reojdgi-
cas de estos productos por varias ra-
zones (Sherman):!

» Tener un control de calidad sobre
las materias primas o ingredicates
que son cmpleados en la fabrica-
cién del producto.

» Tener un control sobre el proceso
de fabricacion y sobre e} producto
final,

» Evaluar la influencia de los ingre-
dientes en la estructura del pro-
ducto y sus caracteristicas textu-
rales,

» Suplementar la informacidn obte-

nida por medio de grupos de jue-

ces acerca del comportamieato de |
un producto en usos practicos ¢
incluso el llegar a sustituir las
evaluaciones de jueces especial-
mente entrenados con mediciones
reoldgicas apropiadas.

*  Universidad Auténoma Metropolitana izta-
palapa y Universidad iberoamericana.
tnstituto Nacionaf de a Nutricién y Universi-
. dad lberoamericana.

Tt Universidad tberoamericana.

Rev. Tecnol. Aliment. {Méx.} Voi. XVili, No. 1

1. Definicion de una emulsidn
Una emulsion es la integracion de
dos fases inmiscibles. donde una estd
dispersa en la otra en-la forma de
gotas de tamafio microscdpico. La
estabilidad contra la coalescencia es
lograda mediante la presencia de un
agente emulsificante que es adsorbi-
do alrededor de las superficies de las
gotas. El mecanismo de ¢stabiliza-
cidn se vera mas adelante en el inciso
1L C. .
Generalmente. las dos fases liqui-
das que constituyen una emulsion
son el agua y el accite. Una de las
principales razones por las que se usa
aceite en la forma de una cmulsion v
no en su estado natural, es gue se

. puede lograr un intervalo mayor de

caracteristicas de flujo y consisten-
cia. Bs importante revisar los tipos de
flujo existentes v la teoria asociada
con ellos antes de presentar la infor-
macion relativa a algunos alimentos
especificos.

1. Teoria de la reologia de
los fluidos
A. Fflujo Newioniano

El comportamiento de flujo de al-
gunas emulsiones muy diluidas pue-
de ser caracterizado por un solo pa-
rdmetro, la viscosidad Newtoniana,
la cual esta definida como:

H

=

donde existe una refacion lineal en-

tre e} esfuerzo cortante (shear stress),

" r.vlatasa o rapidez de corte(shear

rate) .

El flujo Newtoniano de flujdos en
general se puede ilustrar con el si-
guiente modelo. Imaginese que un
espacio entre dos planos paralelos
que se encuentran separados una dis-
tancia x y esta lleno con un liquido.
Si aplicamos una fuerza F al plano
superior A (Fig. 1), mientras que el
plano inferior B se mantiene estacio-
nario, A se moverd con una veloci-
dad constante u. El liquido que se
encuentra entre los dos planos no se
mueve a la misma velocidad. La rapi-
dez con que se mueve este liquido

varia de acucrdo a su distancia del

plano A; la velocidad mdxima ocurre
en la capa adyacente al plano A yes
cero en la capa advacente al plano B.
La rapidez de cambio o tasa en la
velocidad del fluido esta dada porla
relacion dus/dx. Esta relacidn repre-
senta la tasa de corte, v, del liquido,
mientras que la fuerza por unidad de
&rea aplicada al plano A representa ¢l
esfuerzo cortante, 7. )
Como la viscosidad del liguido, 7.
esta dada porlarclacion 7/ ,yésta
se mantiene constante, 7 puede ser
determinada con una sola medicion
independientemente de la magnitud
de T 6 4. Sin embargo, el compor-
tamiento de flujo de la mayoria de las
emulsiones alimenticias y, en gene-
ral, de alimentos liquidos y semisdli-
dos no puede ser caracterizado con
una viscosidad constante, y tienen
que ser caracterizados por lo menos




velocidad = u

>

velocidad = 0

A (plano movil). -~ .

Figura 1. Modelo para flujo Newtoniano

B (plano'."estaéi'o'nario.)‘

con dos parametros v con modelos
mas complejos. A los materiales que
muestran una desviacién del com-
portamiento de flujo Newtoniano se
les conoce generalmente como flui-
dos no-Newtonianos.

B. Flujo no-Newtoniano

En flujo no-Newtoniano la viscosi-
dad varia conforme se cambia la tasa
de corte. Es decir, el esfuerzo cortan-
te. 7.y latasa de corte 7, noestan
relacionadas linealmente, y en la
practica la relacion entre éstos dos
pardmetros puede seguir en tres for-
mas distintas (Sherman).?3

\. Flujo pseudopldstico

El esfuerzo cortante’y la tasa de
corte estdn relacionados en forma no
lineal, con la pendiente de la curva
disminuyendo conforme se aumenta
la tasa de corte (Fig. 2). A altos valo-
res de la tasa de corte la relacién se
vuelve finalmente lineal. Ademas, el
flujo comienza tan pronto como se
aplica un esfuerzo cortante y, por lo
tanto, la curva pasa por el origen de
la grafica.

2. Flujo pldstico
El esfuerzo cortante v la tasa de
corte estan relacionados ¢n forma no

lineal como en el caso del flujo pseu-
doplastico. Sin embargo, para que ¢l
flujo comience es necesario el aplicar
un esfuerzo cortante cousiderable
(Fig. 2): a este esfuerzo cortante criti-
co requerido para que se inicie el flu-
jo se le conoce como el “esfuerzo mi-
nimo para el flujo” (Jower yield
value). Se pueden medir otros dos
valores del esfuerzo que se aplican a
materiales pldsticos. Estos son el “es-
fuerzo superior para el flujo™ (upper
vield value), que es el esfuerzo cor-
tante en el cual se lleva a cabo la
transicion de la relacion lineal entre
el esfuerzo cortante y la tasa de corte,
y el “esfuerzo extrapolado para el
flujo™ (extrapolated vield value) que
se deriva de la ordenada al origenen
el eje del esfuerzo cortante por la ex-
trapolacién de la parte lineal de la
grafica.

La pendiente de la parte lineal de la
gréfica de esfuerzo cortante contra la
tasa de corte para materiales pseudo-
plasticos o pldsticos representa la vis-
cosidad minima para ese material, ya
que se ha destruido toda su estructu-
ra interna.

3. Flujo dilatante
Existen dos formas posibles para
el flujo dilatante, dependiendo en si

se requiere un esfuerzo cortante para

iniciar el flujo o no. Cuando el flujo

comienza con la aplicacion de un es-

fuerzo cortante minimo el comporta-

miento de flujo es el contrario de

aquel observado en pseudoplastici-

dad. es decir, que el esfuerzo cortante

y la tasa de corte estan relacionados

no linealmente, pero la curvatura

aumenta conforme se aumenta la ta-

sa de corte. Cuando es necesario el

esfuerzo cortante finito para iniciar

el flujo, el comportamiento de flujo |
es lo contrario del observado en plas- ¢
ticidad. La representacién matemati-
ca de la relacién no lineal entre el
esfuerzo cortante y latasade corteen -
flujo no-Newtoniano fue propuesta
por primera vez por Ostwald* y De

Waele.S Estos autores propusieron
una relacién de la forma de la ecua-
cién (2):

S, l
V= () @

donde 7* es un parametro que co-
rresponde a la viscosidad y » es una
constante. En el caso de flujo plastico
el “esfuerzo minimo para el flujo”,
7 o S€ incorpora lo que nos da la
siguiente ecuacién:
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' Figura 3. Representacion esquematica del_'iﬁédéld iren-cirbuito-cola para la adsorcién de polimeros. |

Y= '117* (r—7¢)" (3

Si los datos del flujo se ajustan a
las ecuaciones (2) 6 (3) entonces una
grafica logaritmica del esfuerzo cor-
tante contra la tasa de corte da una
linea con una pendiente n.

Ademis, cuando n <1 las ecuacio-
nes describen flujo plastico o pseudo-
plastico, cuando n > 1 el flujo es dila-
tante y cuando n = 1 ¢l flujo es
Newtoniano.

La, validez de las ecuaciones (2) y
(3) ha sido cuestionada en base a su
dimensionalidad y ha sido propuesta
una forma alternativa para superar
esta critica:

T=k ()" (@)

donde k es un indice de consistencia
(Rha;¢ Holdsworth?}.

C.Viscoelasticidad. La influencia
de la floculacion de las gotas en la
reologia de emulsiones.

_Durante el almacenamiento las go-
tas de una emulsion tienden a flocu-
larse. Esto da origen a una estructura
interna caracterizada por la forma-
cién de agregados en donde parte de
la fase continua es atrapada en los
espacios existentes entre las gotas
floculadas. Cada agregado se com-
porta como si tuviese un volumen
mavor que aquel dado por lasumade
las gotas individuales del cual estd
constituido (Sherman?). Uno de los
factores que influye en la estabilidad
de las emulsiones contra la flocula-
cion es el tipo de agente emulsificante

empleado. En el caso de emulsiones
estabilizadas con compuestos de bajo

_peso molecular, tales como los elec-

trélitos o las sustancias tensoactivas
tipo detergentes, la tasa de flocula-
cién estd influenciada por las fuerzas
de atraccion de London-van der
Waals v por la repulsion electrostati-
ca entre las dobles capas de igual sig-
no existentes en las-superficies de las
gotas (Derjaguin y Landau:® Verwey
y Overbeek?). Sin embargo, en el ca-
so de emulsiones estabilizadas con
agentes macromoleculares como lo
son las proteinas y las gomas, quees
el caso de las emulsiones alimenti-
cias, la tasa de floculacién se ve afec-
tada por factores de tipo estérico.
Estos polimeros no son adsorbidos
en su totalidad en la superficie de las -
gotas y solo segmentos de la molécu-
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12 son adsorbidos, los que se denomi-
n “trenes” (frains), mientras que ¢l

esto de la molécula es proyectada
rentro de la fase continua formando
.1o que se le llama “circuitos™ (foops)
Fig. 1). Los segmentos terminales
ibres del polimero adsorbido son co-
1ocidos con el nombre de “colas™
tails) (Jenckel y Rumbach!®; Gra-
iam y Phillips!!). Al flocularse las
mulsiones, los “circuitos™ partici-
ian en la formacion de enlaces entre
as moléculas de gotas adyacentes,
evando eventualmente a la forma-
ién de una red estructurada muy
arecida a aquella de geles. Esta red
structurada da origen al comporta-
alento viscoeldstico de las emulsio-
es, el cual puede ser expresado en
{rminos de la relacion deformacion/
sfuerzo (creep compliance), J(1),
on ¢l tiempo t durante el cual se
plica un esfuerzo constante (Sher-
1an;’»3 Barry'?):

J(t)_.]0+l=l J\[l 'CXp(t/Tl)]
N (5)

onde

,  eslarelacién|deformacion
esfuerzo
elastica instantanea;
es la suma de un niimero dis-
creto, i, de relaciones
-1 Ji {deformacidn] elasticas de re-
esfuerzo
tardo, Ji

Wi

*i  son los tiempos de retardo, y

I~  esuna viscosidad Newtoniana

mbién,

b =1/En, i=l/E, Ti=J5 7=
" M Ei

onde

o es ¢l mdédulo de elasticidad
instantanea,

i representa los modulos de
elasticidad de retardo, y

bi son las viscosidades asociadas

con Ji

Cuando las fuerzas de origen esté-

rico son las principales responsables
de la floculacion. la energia total de
interaccion esta dada por (Napper;!3
Ottewilll4):

Vi=Vr+Vat Vs 6)
donde

Vs es el potencial debido a las
fuerzas de origen estérico,

Ve es el potencial de repulsidn,
y
Va  es el potencial de atraccion.
La contribucion al mddulo eldsti-
co. Ep, por las interacciones polimé-

ricas en las superficies de las gotas
esta dado por (van Vliet et al'5):

_ B I'Nav o3¢
Ep = oM kT 3 (7
donde:
B es una medida de la efectivi-

dad en Ia formacién de enla-
ces por las moléculas poli-
méricas adsorbidas,

r es la concentracion de poli-
mero adsorbido por unidad
de area superficial de las
gotas,

Nav es el nimero de moléculas
adsorbidas en la superficie

de la gota,

M esel peso molecular dei poli-
mero,

H es la distancia entre las su-

perficies de las gotas,

¢ es la fraccidn volumétrica de
la fase dispersa, y

es la concentracion numéri-
rica de redes efectivamente
entrelazadas.

BNav
HM

Ep es el mdximo contribuyente de

. Eyen emulsiones estabilizadas estéri-

camente. Muchas emulsiones ali-

menticias contienen mezclas de agen-
tes emulsificantes y su comporta-
miento viscoelastico dependera en
gran proporcion en las relaciones en
que estos se encuentren. Varios estu-
dios han sefialado que existe una re-
lacién critica entre los agentes emul-
sificantes a la cual la emulsién exhibe
una mayor viscoelasticidad y a cual-
quier variacion de esta relacion dis-
minuye el valor de los pardmetros
viscoeldsticos descrites por la ecua-
cion (5) (Boyd ez al;'6 Benton y Sher-
man'7),

D. Lainfluencia de la coalescencia de
las gotas en la reologia de emulsiones

Cuando una emulsion se deja re-
posar por un periodo prolongado las
gotas se floculan y forman agrega-
dos. Dentro de estos agregados ocu-
rre cierto grado de coalescencia, re-
sultando que el nimero de gotas por
unidad de volumen disminuye y el
tamafio promedio de las gotas au-
menta. Al proceso global de la flocu-
lacién seguida por la coalescencia se
le denomina coagulamén (Sher-
man?).

La coalescencia de las gotas resul-
tan en la disminucion de los pardme-
tros viscoelasticos Eg, Ei, Miy 7w
(Sherman!8).

Esto es de esperarse va que a ¢
constante, E, ®l/D? como lo de-
muestra la siguiente expresion (Sher-
man!%);

D(I+1-828v)A
36 D3 H3

E, = ®

en donde ¥ esel volumentotal de las
fase continua atrapada en los espa-
cios entre las gotas en el estado agre-
gado.

Luego pues, existe la siguiente si-
tuacidn: cuando las gotas floculan
continuamente, los parametros vis-
coelasticos aumentan, mientras que
la coalescencia de ellas disminuye su
valor. El efecto global resultante de-
penderd en cual de los dos procesos
es el predominante (Vernon Carter y
Sherman20).

4. Algunos modelos matemdticos
propuestos para representar el ﬂu/o
de derivados ldcteos :

a). Leche. Lalechees una emulsxon
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de grasa en agua. A pesar de su gran
importancia como alimento, ha re-
sultado dificil el definir su viscosidad
con la ecuacion propuesta por Eins-
tein,2! que relaciona la viscosidad de
la emulsion con la viscosidad de su
fase continua, 1,y el volumende su
fase dispersa, ¢ :

M= 1,(1+259) 9

Randhahn,?? analizé un gran nu-
mero de muestras de leche indicando
_que la viscosidad se puede relacionar
con el contenido de grasa (F) por
medio de la siguiente ecuacion:

M=A+AF+ASHAF (10)

en donde, A;, A; A; y A, son unas
constantes y S es la concentracion de
solidos en la leche exceptuando la
grasa.

La leche debido a su bajo conte-
nido de grasa exhibe flujo Newtonia-
no a temperatura ambiente, sin em-
bargo a temperaturas mds bajas su
comportamiento se transforma en
no-Newtoniano (Fernandez Mar-
tin?3).

b). Crema. La crema tiene un con-
tenido de grasa mayor que ¢l de la
leche y exhibe flujo no-Newtoniano
el cual sigue la ley de la potencia
(Prentice):

Map =", (%) (D
donde: -

M ap es la viscosidad aparente a una
tasa de corte seleccionada,

m, esla viscosidad aparente a una
tasa de corte unitaria, ¥

$ esun “coeficiente de anormali-
dad”, y para fluidos Newtonia-
nos, @ =0.

Algunas cremas con un contenido
de grasa hasta del 50% en peso exhi-
ben flujo Newtoniano dentro de un
intervalo de temperatura de 40-80°C
(Phipps?). En estos casos la viscosi-

dad esta relacionada al porciento €n

peso de grasa £ por:

M =M yexp[3.07(e+E53] (12)
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A tasas de corte bajas y a tempera-
tura ambiente, el comportamiento de
la crema es no-Newtoniano y siguela
ecuacion (4) (Prentice®). La crema
exhibe comportamiento viscoeldsti-
co cuando es sometida a esfuerzos
constantes muy pequefios y la viscoe-
lasticidad aumenta con el contenido
de grasa (Randhahny Reuter-?).

¢c. Yogurt. La consistencia del yo-
gurt es frecuentemente evaluada con
penetrometros. Sin embargo. la eva-
Juacion por tal método ha sido pro-
blematica debido a la facilidad con
que la estructura del producto es des-
truida.

La técnica del modulo de rigidez
de geles, es apropiada para examinar
las propiedades reologicas delyogurt
(Atkin v Sherman?®), el cual es Vis-
coelastico cuando son aplicados es-
fuerzos constantes pequefios.

La viscoelasticidad cambia cuan-
do el yogurt incluye pedazos de fruta.

d. Helado. E} helado es una emul-
sion de grasa en agua cougelada
(aunque no completamente) que tie-
ne gran contenido de aire, y unconte-
nido de grasa no muy elevado. Sus
propiedades reologicas han $ido in-
vestigadas por medio de estudios de
deformacion . esfuerzo contra tiempo
indicados en la seccion 111, C. usando
un viscoelastometro de placas parale-
las (Shama y Sherman™). Tales estu-
dios indican que los pardmetros vis-
coelasticos estdn influenciados porel
contenido de grasa. el contenido de
aire. por la temperatura del produc-
to. Es decir. que tanta agua esta en la
forma de hielo. v el tamafio de sus
cristales.

‘e. Mantequilla y margarina. Estos
dos productos son emulsiones de
agua en grasa parcialmente solidifi-
cadas y sus propiedades reologicas se
ven muy influenciadas por la relacion
de grasa cristalizada grasa liquida
(Parkinson e a1

Las caracteristicas de untabilidad
han sido tradicionalmente predichas
a partir de estudios con penetréme-
tros de cono por medio de la siguien-
te expresion (Sherman’y

mys

(13;

p, e la fuerza para superat la re-
sistencia a la penetracion del
cono en et material, ¢l cual s¢
denomina “valor de cedencia
para el {lujo” (vield value).

mg e el peso del cono mas ¢l peso
de otras partes movibles del pe-
netrémetro.

~ ¢ una constante con un valor

de aproximadamente 2.

dp e la profundidad a queelcono
’ penetra en ia muestra. ¥

cos? a cot a. En donde a
es la mitad del angulo del co-

no.

1
b=
k43

Haighton'! demostré que la unta-
bilidad de la margarina y de otros
materiales tipo manteca pueden pre-
decirse a partir de valores de pq. siem-
pre vy cuando las pruebas se realicen
bajo condiciones controladas de tem-
peratura. En el Cuadro [ presenta-
mos la clasificacion que se les asign6
a dichos materiales segiin su desem-
pefio préactico.

El “indice de untabilidad™ esté de-
finido por Haighton?? como:

UL =p,-0.75(pp-p)  (14)

donde py ¥ pt son. respectivamente,
los valores de cedencia para el flujo
de la muestra antes y después de ser
“trabajada”. El “trabajo” (working)
se logra pasando la muestra a través
de un pequefio orificio. como en el
caso de un extrusor o de una motedo-
ra de carne.

El “trabajo” destruye la red entre-
lazada que existe entre los cristales de
grasa. Posteriormente. durante el al-
macenamiento, OCUITe Cierta reorga-
nizacién de la estructura destruida
previamente. Esta destruccion y re-
organizacion de la estructura de la
mantequilla y la marganna sucede a
tasas distintas. Para explicar este
comportamiento, s¢ ha sugerido (van
den Tempe!®?) que la red entrelazada
de los cristales de grasa esta com-
puesta por dos tipos de uniones, “pri-
marias” v “secundarias™. Las uniones
“primarias” son muy tuertes y no se

9




'opledades reologicas de emulsiones alimenticias

ympen facilmente, pero una vez ro-
1s no se reorganizan durante el tiem-
0 que dura el experimento. Su ori-
:n se desconoce realmente, pero se
3 sugerido que son debidos a pode-
»sas fuerzas de atraccién existentes
1tre los cristales de grasa. Las unio-
es “secundarias” son fuerzas de
raccion de van der Waals entre los
‘istales de grasa, las cuales son débi-
s y facilmente rotas. pero también
»n facilmente reorganizables. Con-
icuentemente, uniones “secunda-
as™yen menor proporcion las unio-
s “primarias” son destruidas du-
nte el “trabajo” pero tan solo las
liones “secundarias” se reorgani-
n durante el almacenamiento sub-
cuente.

La relaciéon uniones (“primarias”
secundarias™) influye en la plastici-
id (Naudet er af*%). Cuando la rela-
n es muy alta, la mantequilla o
argarina es muy dura y fragil.
ientras que cuando esta relaciénes
uy baja, el producto es fluido. De
{queseaimportante el obtener una
lacién correcta. Los cambios en las
opiedades reoldgicas se pueden es-
diar durante el “trabajo™y el subse-
ente almacenamiento con mavor
talle. por medio de estudios de vis-
elasticidad aplicando esfuerzos
nstantes muy pequefiosen pruebas
compresidn o con el viscoelasto-
:tro de placas paralelas (Shama y
ermani?),
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The Nutritional Qualities of Margarine

BY R. J. TAYLOR, B.Sc., F.Inst.P.
Scientific Adviser to Van den Berghs Limited

[ THE HUMAN digestive system.were
no more than a fully automated arrange-
ment of chemical processes, whose
purpose with fats was to store them
economically and burn them efficiently,
it would be simple indeed to show that
most fats — whatever their origin and
however they were offered for human
consumption — would serve that pur-
pose. And there would be no more to
nutritional requirements than that.

But we know in fact that these re-
quirements vary in kind as one grows
through childhood to maturity and,
furthermore, that the digestive system
is subject to emotional stresses and
strains which affect its efficiency. So fat
is-not just so many calories of energy.
One still recalls with distaste how once,
in the pursuit of scientific knowledge,
one ate—with others — 50 g red
palm oil neat every day for a period.

“We all prefer our fat to be dispersed

throughout the diet for we can stomach
it more readily that way. So we take
more than half our requirements in such
a form that we are not consciously
aware of it as we eat — in natural food,
in processed food and in baked food —
the invisible fat as it is called. And the
remainder we like to be as palatable
as possible, and as well spread as pos-
sible, for fat — more so than protein
or carbohydrate — is apt to produce a
feeling of nausea when taken neat.

It is the fat we spread that we are
concerned with here. We depend on it
for a large part of the fat-soluble trace
nutrients which are vital to growth and
health, and . margarine more so than
buttér is used deliberately as a vehicle
for those nutrients. It would be idle,
and indeed foolish, to obscure the fact
that margarine was devised as a sub-
stitute for butter; or that it was not
wholly successful until the trace nutrient
qualities of butter were recognised. It

would be equally foolish to correlate
the quality “margarines of today with
the well-conceived but primitively-for-
mulated product of Mege-Mouries.

The present-day manufacturer of
margarine —in his own interests —
must satisfy himself that his products
are nutritionally adequate. To some
extent he is bound by Government
regulations to make them so. The house-
wife — by selection — produces meals
to appease family hunger. Through
ignorance, she may not always achieve
nutritional adequacy, but she must not
be misled into thinking she has. Beyond
that, it is to the manufacturer’s advan-
tage to produce something both attrac-
tive and palatable since these qualities
—as we have indicated — cannot be
wholly divorced from digestibility in the
human system. It is indeed palatability
which initiates the flow of gastric juices
necessary to digestion.

Let us consider then the vitaminisa-
tion of margarine. We have celebrated
last year the centenary of the birth of
Sir Frederick Gowland Hopkins, whose
discovery of vitamins pinpointed a vital
difference between butter and the mar-
garine of that time, and set manufac-
turers a major problem in solving it:
two problems, in fact: one, to find

" sources of the vitamins in concentrated
form; two, to overcome the unpalat-
ability of vitamin A sources.

What we call the vitamin A potency
of butter is compounded of true vitamin
A and carotene, which is convertible in
vivo to vitamin A. What the vitamin A
equivalent of carotene is for man is
anyone’s guess, and one guesses low to
be on the safe side. The point is that
the human system is lazy and, given
enough vitamin A, will ignore the
carotene. Limited to carotene, it will
convert it inefficiently and so requires
a gross excess to maintain a satisfactory
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balance. Hence one tends to view
carotene more as a useful colorant and
attach only a modest vitamin A potency
to it.

Pre-formed vitamin A therefore is
the more important nutritional factor,
and the problem facing margarine
manufacturers at the outset was that the
only abundant source of vitamin A was
fish liver oil, which was highly un-
palatable, even at the low levels of
addition required. They used cod liver
oil, and made the best of a bad job by
concentrating the vitamin into the. un-
saponifiable portion of the oil, which
they then dissolved in a bland oil and
deodorised. The discovery of enormous
reserves of vitamin A in whale liver
eased the problem slightly for, being of
mammalian origin, whale liver oil was
not so unpalatable as fish liver oil.

The second world war intensified
the problem. Not all margarines had
been vitaminised by then, and it was
made compulsory as a nuiritional pre-
caution. But the supply of whale liver
oil dwindled, while that of cod liver oil
was not equal to the demand.

One turned, of necessity, to the rapid-
ly growing U.S. and Canadian shark
and dogfish liver oil industries for help.
Research into methods of refining was
intensified and two large-scale processes
were developed — molecular distillation
in the U.S. and chromatographic ad-
sorption in this country — which largely
eradicated the problem of the fishy
flavour. They were helped by a Govern-
ment regulation fixing the serum pH on
the alkaline side. Its purpose was to

‘extend the storage life of the margarine

but, unknowingly, it helped to prevent
fishy flavour reversion.

But acid sera are more palatable and,
with the easing of restrictions after the
war, there was a general move to re-
introduce them, and we were in diffi-
culty again. It was with a sigh of relief
therefore that we witnessed — and in-
deed joined in —the final stages of
development of synthetic vitamin A,
helping to demonstrate its biochemical
identity with the natural material, and
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establishing conditions for stability in
margarine.

When cod liver oil was used as a
source of vitamin A, vitamin D was
concomitant. Neither whale, shark nor
dogfish liver oil contain it to any
significant extent, however, and it was
possible -to use them only because a
manufactured source of vitamin D
(irradiated ergosterol) became available.
It presents no flavour problem. The
primary interest in vitamin D in the
present context is that the level is
fixed far higher than that of butter, to
ensure that children are not dependent
upon the fortuitous conversion of skin
sterols, by the action of atmospheric
untraviolet light, for an adequate supply
of the vitamin.

The other important post-war innova-
tion was the introduction of the votator
for making margarine. Superficially this
may seein no more than a matter of
technical engineering, or — at best — a
means of improving hygiene by elimin-
ating all handling stages; but in fact,
its versatility has made possible quite
important strides in the control of
texture, which influences both the
palatability of the margarine and its
flavour. We like margarine — and but-
ter — to be cool on the palate, not too
fatty, and to release its flavour quickly.
What may not be so readily realised is
that behind it all — so far as margarine
is concerned —lies a considerable
amount of research into the physical
chemistry of glycerides, their poly--
morphism, their patterns of crystal-
lisation, and liquid/solid matrices.

Margarine manufacturers have an
advantage here that, with a wide range
of natural oils to select from, they can
maintain a closer control on the texture
of their product. At the same time they
can ensure that the margarine contains
reasonable reserves of essential fatty
acids, that is, those acids — like lino-
leic acid — which the body needs for
growth but cannot synthesise. We will
not claborate on this to any great
extent for, although the presence of
essential fatty acids is considered a good
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and necessary thing, it would seem that
the average diet contains sufficient for
normal requirements.

Finally it is worth enlarging a little
on flavour which plays perhaps a more
subtle role than other factors in deter-
mining digestibility. There are flavours
one likes, which aid digestion, and off-
flavours most of us don’t like. Fresh
butter has a pleasant well-rounded
flavour, which nevertheless varies sur-
prisingly in character from type to type.
Badly stored or aged buiter develops
a rancid off-flavour, unpleasant to most.
A few people — strangely — seem  to
like it.

Margarine fats have native flavours
which may not be unpleasant as such
but count as foreign to the manufac-
tured product. The art of the oil
refiner then is to remove these native
flavours in such a manner that the oil
remains bland in taste for at least the

normal shelf life of the finished product.
The manufacturer can then impart
desirable flavours without fear that their
effect will be nullified by residual or
developing off-flavours. But the total
flavour of margarine is a combination
of fat and serum flavour*®, and it is here
that texture becomes important. One
can have good flavour in both the fat
and the serum®, but unless they are
released together on the palate their
effect is limited. A well-textured mar-
garine will have a well-rounded flavour
because it does just that.

So we see that, while the value of
margarine as a food lies in the energy
it will provide, and the growth and
health it will promote, its palatability
depends upon the technical skill with
which texture and flavour are created;
and the overall nutritional quality of
margarine is a sum of all these contribu-
tory factors.

*Serum is the total aqueous phase of margarine {or butter). It contains salt, water soluble acids

and proteinaceous material.

Nutritional Survey in the Cook Islands

BY JUDITH D. WALKER
Nutritionist, South Pacific Health Service

N 1960 A NUTRITION survey was

carried out in conjunction with a New

 Zealand Medical School investiga-
tion of blood cholesterol levels and the
incidence of coronary diseasc amongst
Polynesians living in the Cook Islands.
Two groups of people were studied.
These included villagers eating the
traditional ‘native’ diet in which more
than 90 per cent. of the dietary fat came
from the coconut, and a group of fami-
lies eating ‘westernised’ diets in which
less than 25 per cent. of the fat came
from the coconut.

The families were selected from the is-
lands of Mitiaro and Atiu for high coco-
nut diets, and from the Isfand of Raro-
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tonga for low coconut diets. These three
islands are in the southern part of the
Cook Islands.

Mitiaro is a small low-lying island
with a population of approximately 300.
The island mainly consists of barren
rocky land with a small area of volcanic
soil where . the food for the island is
cultivated. The staple foods are green
bananas varied with breadfruits and
small amounts of root vegetables (taro,
tapioca and yams). Other foodstuffs
eaten in large quantities are coconuts
and sea-foods such as crabs, shellfish,
fish, a type of eel and chestnuts (Indo-
carpus edulis) when in season. The only
export from the island is copra. Ships
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Shop Smart —
Get the Facts on Food Labels

Become a smart shopper by reading food labels
to find out more about the foods you eat. The
Nutrition Facts panel found on most food labels
will help you:

* Find out which foods are good sources of
fiber, calcium, iron, and vitamin C

% Compare similar foods to find out which one
is lower in fat and calories

% Search for low-sodium foods

% Look for foods that are low in saturated fat
and trans fats

A Quick Guide to Reading the
Nutrition Facts Label

Start with the Serving Size

% Look here for both the serving size (the
amount for one serving), and the number
of servings in the package.

% Remember to check your portion size to
the serving size listed on the label. if the
label serving size is one cup, and you eat
two cups, you are getting twice the calories,
fat and other nutrients listed on the label.

Check Out the Total Calories and Fat

Find out how many calories are in a single
serving and the number of calories from fat. It's
smart to cut back on calories and fat if you are
watching your weight!

Let the Percent Daily Values Be Your Guide
Use percent Daily Values (DV) to help you
evaluate how a particular food fits into your
daily meal plan:

% Daily Values are average levels of nutrients
for a person eating 2,000 calories a day.
A food item with a 5% DV means 5% of the
amount of fat that a person consuming
2,000 calories a day would eat.

% Remember: percent DV are for the entire
day— not just for one meal or snack.

% You may need more or less than 2,000
calories per day. For some nutrients you
may need more or less than 100% DV.

The High and Low of Daily Values

% 5 percent or less is low - try to aim low

in total fat, saturated fat, cholesterol,

and sodium

20 percent or more is high - try to aim high
in vitamins, minerals and fiber

&

Limit Fat, Cholesterol and Sodium

Eating less of these nutrients may help reduce
your risk for heart disease, high blood pressure
and cancer:

Total fat includes saturated, polyunsaturated

and monounsaturated fat. Limit to 100% DV

or less per day.

4 Saturated fat and trans fat are linked to an
increased risk of heart disease.

% Sodium - high levels can add up to high

blood pressure.

Remember to aim low for % DV of these

nutrients.

©2009 ADA. Reproduction of this fact sheet is permitted for educational purposes. Reproduction for sales purposes is not authorized.

This fact sheet expires 1/2010.
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Get Enough Vitamins, Minerals and Fiber

% Eat more fiber, vitamins A and C, calcium,
and iron to maintain good health and help
reduce your risk of certain health problems
such as osteoporosis and anemia.
Choose more fruits and vegetables to get
more of these nutrients.
Remember to aim high for % DV of these
nutrients.

Additional Nutrients

Carbohydrates - There are three types of
carbohydrates-—sugars, starches and fiber.
Select whole-grain breads, cereals, rice and
pasta plus fruits and vegetables.

Sugars - Simple carbohydrates or sugars occur
naturally in foods such as fruit juice (fructose),
or come from refined sources such as table
sugar (sucrose) or corn syrup.

Check the Ingredient List

Foods with more than one ingredient must
have an ingredient list on the label. Ingredients
are listed in descending order by weight. Those
in the largest amounts are listed first. Effective
January 2006, manufacturers are required

to clearly state if food products contain any
ingredients that contain protein derived from
the eight major allergenic foods. These foods
are milk, eggs, fish, crustacean shelifish, tree
nuts, peanuts, wheat and soybeans.

For a referral to a registered dietitian and for additional
food and nutrition information visit www.eatright.org.
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The American Dietetic Association is the world's largest
organization of food and nutrition professionals.
ADA is committed to improving the nation'’s health and
advancing the profession of dietetics through research,
education and advocacy.
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What Health Claims on Food Labels
Really Mean

FDA has strict guidelines on how certain food
label terms can be used. Some of the most
common claims seen on food packages:

Low calorie - Less than 40 calories per

serving.

Low cholesterol - Less than 20 mg of

cholesterol and 2 gm or less of saturated

fat per serving.

Reduced - 25% less of the specified nutrient

or calories than the usual product.

Good source of - Provides at least 10%

of the DV of a particular vitamin or nutrient

per serving.

Calorie free — Less than 5 calories per serving.

4 Fat free / sugar free - Less than 122 gram of
fat or sugar per serving.

% Low sodium — Less than 140 mg of sodium
per serving.

4 High in - Provides 20% or more of the Daily
Value of a specified nutrient per serving.

% High fiber ~ 5 or more grams of fiber per
serving.

FDA also sets standards for health-related
claims on food labels to help consumers
identify foods that are rich in nutrients and may
help to reduce their risk for certain diseases. For
example, health claims may highlight the link
between calcium and osteoporosis, fiber and
calcium, heart disease and fat or high blood
pressure and sodium.
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Means of Delivering Recommended Levels
of Long Chain n-3 Polyunsaturated Fatty

Acids in Human Diets

M.L. GARG, L.G. Woob, H. SINGH, AND P.J. MOUGHAN

Introduction
he human diet contains polyunsaturated fatty acids (PUFA) be-
longing to the n-6 and n-3 fatty acid families. Major dietary n-
6PUFA include linoleic (18:2), y-linolenic (18;3), and arachidonic
(20:4) acids, whereas major dietary n-3PUFA include «-linolenic
(18:3), eicosapentaenoic (20:5), docosapentaenoic (22:5), and do-

cosahexaenoic (22:6) acids. Linoleic; y-linolenic; and z=linolenic: .

acids-are‘present-in-large:quantities in foods: of plant originj siich

as corn'or:-maizeoil; sunflower seed oil;.cottonseed oilsoybean oil;:

linseed.oil, evening primrose-oil, and'canola oil: Arachidonicacid
originates from muscle-and-organ meats; or-alternatively-may be
synthesized within the'body:via successive desaturation and chain
elongation: of linoleic acid: The longer chain n-3PUFA are found
mainly in foods of marine origin or are synthesized via desaturation
and chain elongation of «-linolenic acid within the human body.
Recent evidence suggests that lean meat contributes significantly
to the longer chain n-3PUFA content of the Western diet (Sinclair
and others 1982; Meyer and others 2003; Li and others 2005). When
present in equimolar concentration, linoleic acid and «-linolenic
acid compete for conversion to their respective longer chain prod-
ucts, arachidonic acid and eicosapentaenoic acid (Contreras and

MS 20060097 Submitted 2/13/2006, Accepted 3/17/2006. Author Garg is
with Nutraceuticals Research Group, School of Biomedical Sciences, Fac-
ulty of Health, Univ. of Newcastle, Callaghan, NSW, Australia. Author
Wood is with Dept. of Respiratory & Sleep Medicine, Hunter Medical
Research Inst., John Hunter Hospital, New Lambton, NSW, Australia.
Authors Singh and Moughan are with Riddet Centre, Massey Univ.,
Palmerston North, New Zealand. Direct inquiries to author Garg (E-mail:

R66 JOURNAL OF FOOD SCIENCE—Vol. 71, Nr. 5, 2006

Rapoport 2002). Recent studies have demonstrated that, for maxi-
mum conversion of e-linolenic acid to eicosapentaenoic acid and
a maximum reduction in the formation of arachidonic acid, the o-
linolenic acid should be supplemented with saturated fatty acids
(SFA) rather than n-6PUFA (Garg and others 1989; MacDonald-
Wicks and Garg 2004).

Saturated, monounsaturated, and n-6 PUFA will continue to form
a majority of the fatty acids present in the human diet. n-3PUFA,
particularly the longer chain fatty acids of marine origin, consti-
tute a small proportion of the total fat intake. For individuals or
populations who consume no seafood or muscle or organ meats,
such as vegetarians, o-linolenic acid is the only potential source
of n-3PUFA. However, recent studies have demonstrated that the
extent of conversion of o-linolenic acid to longer chain n-3PUFA
is modest, and it is uncertain as to whether meaningful amounts
of conversion occur to support normal growth and development.
Emken and others (1994) found 15% conversion, whereas Pawlosky
and others (2001) reported 0.2% conversion; both reported that
the conversion to docosahexaenoic acid was much less than that
to eicosapentaenoic acid and docosapentaenoic acid. However,
the longer chain n-3PUFA that accumnulates in tissue membranes
is docosahexaenoic acid. Therefore, in some individuals; supple-
mentation of the diet using fish oil capsules or foods fortified
with fish oil fatty acids may be the only option to supply the rec-
ommended levels of longer chain n-3PUFA. As the dose of ma-
rine n-3PUFA required to achieve targeted health benefits is much
higher than the recommended levels for maintenance of general
health, it becomes even more challenging to meet the required
amount of these fatty acids in order to minimize the risk of chronic
disease.

© 2006 Institute of Food Technologists
doi: 10.1111/j.1750-3841.2006.00033.x
Further reproduction without permission is prohibited




Dietary Intakes and Recommendations for Long  ommends that, for triglyceride-lowering effects, 2 to 4 g of n-3PUFA
Chain n-3PUFA should be consumed per day as a supplement under a physician's
he dietary intake of total n-3PUFA has been estimated from a care (Kris-Etherton and others 2003). The International Society for
T large dietary survey in the United Kingdom to bei2000'tng for. the Study of Fatty Acids and Lipids (ISSFAL) recommends adequate i
men‘and 1410 mg for women (Gregory and others 1990), but these = 18:2n-6 intake as 2% energy, healthy 18:3n-3 intake as 0.7% energy, 3 7
estimates do not distinguish between plarit-and marine n-3 UFA.~and, for cardiovascular health, a minimum of 500 mg 0f20:5n-3 and 2
In the United States, the dietary intake of total n-3PUFA has been  22:6n-3 per day (ISSFAL 2004). The expert panel supported by the £
reported to be 1600 mg/d, of which 100 to 200'mg/dis 20:5n-3 and National Institutes of Health recommends 300 mg of docosahex-
22:6n-3 (Kris-Etherton and others 2000). A recent study reported aenoic acid per day for pregnant or lactating females (Simopoulos 2
an average daily intake of 189 mg of marine n-3PUFA (20:5, 22:5, and others 1999). The Joint FAO/WHO Expert Consultation on Fats
and 22:6 at 56, 26, and 106 mg/d, respectively) (Meyer and others and Oils in Human Nutrition made no specific recommendations
2003) in the diets of Australians. The major food sotirces contribuit# for n-3PUFA, but recommended that individuals with linoleic-to-
ing t6'n-3PUFA intakes include seafoods (71%), Mmeats (20%), and linolenic acid ratio in excess of 10:1 should be encouraged to con-
eggs W% This study indicated that Australians are failing to meet sume foodsrichinn-3PUFA, such asgreenleafy vegetables, legumes,
the recommendations as outlined in the draft document of the new ~ fish, and other seafood (FAO/WHO Consultation on Fats and Oils
Australian Nutrient Reference Values (previously known as Recom- ~ 1994).
mended Dietary Intakes) in which adequate intake has been set ~ In summary, dietary recommendations for long chain n-3PUFA
at 190 mg/d. The paper also highlighted the need for strategies to supplementation arestillamatter of debate. Recommendations vary
increase the availability and consumption of foods enriched with depending on desired disease prevention: daily ranges for 20:5n-3
long chain n-3PUFA. In contrast to these Western diets, Japanese and 22:6n-3 begin at 180 mg (for healthy adults) to 500 mg (decrease
eat about 80 g of fish and shellfish per day, providing approximately in heart disease) to 1000 mg (decrease in mental illness) (Ruxton
1000 to 2000 mg/d of 20:5n-3 and 22:6n-3 (Sugano and Hirahara and others 2004).
2000). This high fish consumption is believed to contribute to the It is also recommended that the ratio of n-6PUFA to n-3PUFA
reduced incidence of coronary heart disease (CHD) in this popula- should not exceed 4 to'1 in order to optimize the bioavailabil-
tion (Lands and others 1990). ity, metabolism, and incorporation into membrane phospholipids
A host of health agencies and professional organizations world- (Gargand others 1988c, 1990; Volker and Garg 1996). There are three
wide have issued recommendations on the intake of long chain n- possible ways to achieve this: (1) simply increasing long chain n-
3PUFA (Table 1). A number of recommendations to increase ma- 3PUFA consumption in the diet; (2) keeping the SFA, monounsatu-
rine oil intake in people with or at risk of cardiovascular disease Tated fatty acids (MUFA), and long chain n-3PUFA content constant
(CVD) have been made. These recommendations are based on evi- and decreasing n-6PUFA in the diet (however, taking a whole-diet
dence derived from sound clinical trials linking dietary deficiency of approach and in the light of general dietary advice to decrease the
long chain n-3PUFA with cardiovascular events, and a recent meta- proportion of SFA in the diet, to concomitantly decrease n-6PUFA
analysis of 13 cohort studies including more than 220,000 individu- will encourage a low-fat intake which has the potential to reduce the
als followed for CHD muortality rates for an average of 12 y (He and levelof circulating high density lipoprotein (HDL) cholesterol (Katan
others 2004). The British Nutrition Foundation Task Force recom- '1998; Terpstra and others 2000)); (3) maintaining the level of long
mends a daily intake of 500 to 1000 mg/d of long chain'n-3PUEA, ~chain n-3PUFA, decreasing total n-6PUFA and making up the short-
which is equivalent to1to 2 portions of oily fish per week (British fall in dietary fat intake with MUFA and/or SFA (this will improve
Nutrition Foundation 1992). In-contrast,.the U.K. Department:of >the n-6PUFA-to-n-3PUFA ratio without reducing the fat content in
Health recommends a daily intake 0f 200 mg 0f 20:5n-3 and 22:6n-3 - the diet and will therefore avoid the detrimental effects of a reduc-
(Department of Health 1994). Sweden recommends that the ratio.. tionin circulating HDL cholesterol level). Whether either of the last
of n-6PUEA to n-3PUFA be 5:1 (Nordic Working Group on Diet and _two options is suitable to optimize the n-6PUFA-to-n-3PUFA ratio
Nutrition 1996). The World Health Organization recommends 1 to2 . without adverse effects on the plasma lipid profile remains to be
servings of fish per week, each containing 200 to 500 mg of 20:5n-3 _established.
and 22:6n-3 (Kris-Etherton and others 2002). The: American Heart
Association (AHA) recommends. that people with.no GVD, should Health Benefits and Mechanisms of Action of

eat oily fish twice/week and foods rich in ¢-linolenic acid (walnuts, N n-3PUFA
canola; soy; and flaxseed). However, those with documented CVD pidemiological and experimental evidence suggests that con-
should eat approximately 1 g of 20:5n-3 and 22:6n-3 per day, prefer- sumption of marine n-3PUFA is associated with a reduced risk

ably from oily fish but also in supplement form. The AHA further rec- ‘of CVD, certain types of cancer, inflammatory disease (rheumatoid

Table 1 —Recommended Daily Intake of Long Chain n-3 Polyunsaturated Fatty Acids
Recommended daily dose of

Organization 20:5n-3 plus 22:6n-3 (mg) Population
National Health and Medical Research Council 190 General population
(Australian Nutrient Reference Values)

British Nutrition Foundation Task Force 500-1000 People at risk of CVD
U.K. Department of Health 200 General population
European Academy of Nutritional Science 200 General population
ISSFAL 650 General population
AHA 1000 People at risk of CVD

Qily fish (twice/week) General population

>3 g/d To reduce triglyceride levels

NIH 300 Pregnant and lactating females
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arthritis, asthma, lupus; andulcerative colitis), diabetes mellitus,
multiple sclerosis, and clinical depression (Ruxton 2004; Wang and
others 2004). It is noteworthy that, if the population under study
already has a high overall intake of fish, eating more fish is not as-
sociated with increased health benefits. These effects are mediated
by alterations in circulating lipid levels, eicosanoids, cytokines, and
physico-chemical properties of the cellular membranes. n-3PUFA
are pleiotropic molecules with a broad variety of different biolog-
ical actions, including hypotriglyceridemic, anti-aggregatory, anti-
inflammatory, and anti-arrhythmic responses. Long chain n-3PUFA
have been shown to reduce the size of the chylomicrons synthesized
intheintestinal mucosaand released into the thoracic lymph follow-
ing consumption of foods containing fats (Chan and others 2003).
Theyhave also beenshown toreduce circulatinglevels of triglyceride
and to reduce secretion of very low density lipoprotein (LDL) from
the hepatic tissue (Parks and others 1990; Ikeda and others 2001).
Dietary supplementation with long chain n-3PUFA has been shown
to inhibit delta-6 desaturase activity, and reduce plasma and tissue
levels of arachidonic acid (20:4n-6) (Garg and others 1988a, 1988b).
Dietary 20:5n-3 and 22:6n-3 have also been shown to compete at the
cyclo-oxygenase and lipo-oxygenase levels with 20:4n-6 to reduce
the formation of series-2 eicosanoids (von Schacky and others 1985;
Kurlandsky and others 1994; Nordoy and others 1994). Consumption
of long chain n-3PUFA has also been associated with a reduction in
plasma levels of pro-inflammatory cytokines (interleukins and tu-
mor necrosis factor) (Endres and others 1994; Wallace and others
1995; Wachtler and others 1997; Seljeflot and others 1999). Dietary

supplementation with fish oil high in long chain n-3PUFA is accom- d

panied by a reduction in fibrinogen content and down regulation of
the expression of adhesion molecules such as VCAM-I and ICAM-
I (Gans and others 1988; Collie-Duguid and Wahle 1996; Hughes
and others 1996; Vanschoonbeek and others 2004). Dietary long
chain n-3PUFA are incorporated into the platelet phospholipids and
concomitantly reduce platelet aggregation (Skeaff and Holub 1988;
Chen and others 2000). Recent studies have demonstrated that di-
etary supplementation with long chain n-3PUFA improves vascu-
lar compliance and favorably modifies blood pressure (Cobiac and
others 1992; Appel and others 1993; McVeigh and others 1994; Gelei-
jnse and others 2002). Incorporation oflong chain n-3PUFAinto the
membrane phospholipids can alter the physico-chemical proper-
ties of the membrane and influence membrane-associated func-
tions; such: as-hormone binding, ion channels, enzyme activities,
and so on. (Clandinin and others 1991).

The U.S. Food & Drug Administration has granted a qualified
health claim for dietary n-3PUFA supplements: “Consumption of
Omega-3 fatty acids may reduce the risk of CHD. FDA evaluated
the data and determined that, although there is scientific evidence
supporting the claim, the evidence is not conclusive” (US:Food &
Drug Admmrstranon 2004). €

igroups, food la ;enforcers'
=3:g=weekly; 0

Given that most Westem populations fall well short of recom-

ing of omega-3 fatty acid types and sources (Patch and others 2005a,
2005b). Moreover, for a vast majority of consumers, improved heart
health remains the health benefit most readily linked with n-3PUFA
intake/supplementation.

Safety concerns relating almost exclusively to the administration
of large doses of LCn-3PUFA have been expressed by some experts.
Subjects reported a higher incidence of belching and unpleasant
taste (Belluzzi and others 1994) when taking fish oil capsules as
supplements, but not experienced by those who increased their n-
3PUFA intake purely by dietary means. Since LCn-3PUFA are known
to exertadose-related increase inbleeding time, concernshave been
raised about the possibility of increase in blood loss during labor or
during surgical operations. However, there are no documented cases
of abnormal bleeding even when high dosages of LCn-3PUFA were
supplemented along with anticoagulant medications. High doses
of LCn-3PUFA have the potential to increase LDL cholesterol lev-
els and/or increase oxidizability of LDLs; however, clear evidence
and clinical relevance of these findings remain unclear. People who
bruise easily, have a bleeding disorder, or take blood thinning med-
ications are advised to take LCn-3 supplements under the supervi-
sion of a healthcare provider.

Food Sources of n-3PUFA

(Rob ertand others 20 {§5 ) ‘nnched eggs, produced bythe addmon of
fishmealor-canola/linseed oilto chickenfeed; arealso agoodsource
of long chdin'n-3PUFA(Scheideler and others 1997; Smuts and oth-
ers 2003; Bourre 2005a). However, concerns with cholesterol present
in yolk prohibit frequent consumption of eggs. It is also possible to
enrich poultry and pig meat with long chain n-3PUFA by supple-
menting the feed with fish meal or canola/linseed oil (Metcalf and
others 2003; Bourre 2005b). Food sources of long chain n-3PUFA
(20:5n-3 and 22:6n-3) include seafoods, fish oils such as cod liver
oil, menhaden oil, and herring oil, lipid extracts from fungi, and al-
gae of marine origin. With increased consumption of seafood and
impure marine oils, concerns have been raised about the toxins,
such as parachlorobenzoic acid, DDT, dioxin, and methyl mercury,
that may be present in these foods (Mahaffey 2004; Melanson and
others 2005).

Regardless of the source, all long chain n-3PUFA are highly sus-
ceptible to oxidation, whichleads to unpleasant off-flavors and taste
in the final product (Nawar 1996; Watkins and German 1998). The
oxidative instability of long chain n-3PUFA is markedly higher than
that of oleic acid (18:1n-7) and linoleic acid (18:2n-6). Exposure to

)gngdom,has become the‘f*é hlgh temperatures and air during processmg and storage can cause

ten be minimized by refiningand deodonzmg the oil, and packaging
n an inert gas like nitrogen to prevent oxidation. Natural and syn-
# thetic antioxidants such as tocopherols and ascorbyl palmitate are
commonly used to help prevent oil oxidation (Frankel and others
1994; Huang and others 1994; Chen and Ho 1997). However, the ef-

mended oily fish servings per week, food formulators are work- fectiveness of antioxidants depends on several factors, such as pH,
ing hard to develop other ways of increasing fish oil intake, and temperature, polarity and concentration of antioxidants, and the
a wide range of products including eggs, breads, crackers, milks, physical properties of the food system. Consequently, great varia-
cheeses, and juices are expected to carry the claim in the near fu- tions can be seen in different food systems.

ture. Apart from well-informed health seekers, the majority of the Microencapsulation of oil can be used to delay or inhibit oxida-
consumers in Australia and New Zealand display poor understand- tion and allow the manufacturer to handle and incorporate oil in
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Table 2~—-Examples of Some Commercially Available Microencapsulated n-3 Powder Products

Company/Product Product description

Ingredients

BASF/Dry n-3 18:12 Microencapsulated fish oil rich in EPA
and DHA, light yellow

BASF/Dry n-3 5:25C Microencapsulated fish oil high in DHA,

light yellow
Nu-Mega/Driphorm Powder containing 48% Hi DHA tuna oi
Hi-DHA 50 bland taste

Salkat/Vana Sana EPA/DH,
A Rich Powder, 50A 070

Powder, typical taste

Gelatin and sucrose matrix, coated in starch, sodium ascorbate
(E310), ascorbic acid (E300), tocopherol (E306), tricalcium
phosphate (E341)

Caseinate and sucrose matrix, coated in starch, ascorbyl
palmitate (E304), sodium ascorbate g

Tuna oil, sodium caseinate, dextrose monohydrate, dried glucose
syrup, sodium ascorbate (E301), mixed natural tocopherols,
lecithin, di-alpha tocopherol (E307), ascorbyl palmitate (E304)

Natural fish oil concentrate, carbohydrates, antioxidants, free
flowing agent

food products (Kolanowski and others 1999; Klinkesorn and others
2005). The:microenicapsulation process-can also help mask unde-
sirable-fishy odorsand flavors:in-the final product. A number:of
comiparies;;incliding BASE Roche, Clover, and Ocean Nutrition,
\ cture and sell mictoencapsulated fish-oil powders for use in
food products (Table 2). Moreover, several patents on microencap-
sulation technologies for the protection and encapsulation of fish
oil exist. Most of these encapsulated n-3 oil products are based on
the formation of fish oil emulsions using proteins, polysaccharides,
lecithin, and other low molecular weight emulsifiers, individually
and in various combinations. The emulsions are then spray-dried
to form microcapsules. However, the amount of oil that can be de-
livered in these formats varies from 1% to 30%. During spray-drying,
a significant proportion of the oil can migrate into the surface of the
powder particle, which readily oxidizes and can cause off-flavors in
food products. To improve the oxidative stability of the microencap-
sulated product, antioxidants can be added to either the oil or the
powder, or both. Microemulsification has added advantages, such
aslongshelflife, masking of the taste and flavor of fish, anhdimproved
bioavailability of the n-3PUFA. However, particular attention needs
to be paid to the material used for microencapsulation for maximum
bioavailability. These technologies have allowed the fortification of
frequently consumed foods, such as breads, biscuits, soups, fruit
juices, and spreads with reasonable consumer acceptability. How-
ever, the levels of incorporation that can be achieved with existing
technologies are very low and the amounts of long chain n-3PUFA
required to meet recommended allowances are impractical in most
cases. Further work in this area needs to concentrate on the de-
velopment of convenience foods, suitable for fortifying with larger
amounts of n-3PUFA per serve, in a palatable format.

Facts about Foods Fortified with Long Chain
n-3PUFA

here is a constantly growingrange of foods enriched in n-3PUFA

available to the consumer (Table 3). One of the limitations of
currently available foods fortified with long chain 1123PUFA is that,
they need to be ‘consumed in large quantities to meet a dietary
recommendation of 200 mg/d for healthy adults, or even in larger
amounts to meet a-dietary recommendation of 1000 mg/d of long

Table 3 —Examples of Some Commercially Available Foods

chain n-3PUFA for people at high risk of CVD. Australian food ex-
amples include: G e

“e Dairy Farmers (Farmers Best) milk provides at most 31.2 mg of

20:5n-3 and 22:6n-3 per 250 mL serving, which is no more than
15% of what is needed per day to benefit heart health, and less
than 3% of the recommended dose for people at high risk of CVD.
Brownes (Heart Plus) milk drink has been specially formulated
to improve the performance of the heart and cardiovascular sys-
tem as part of a balanced diet with regular physical activity. This
product does better. One serve (250 mL) contains about 75% of
our daily requirement of long chain n-3PUFA, but still needs to be
consumed at a dose of over 1.5 L to meet a dietary recommenda-
tion of 1000 mg/d of long chain n-3PUFA for people at high risk
of CVD. _
Coles (High Top) bread provides only 37 mg 0f20:5n-3 and 22:6n-3
per serve (2 slices). Buttercup (Wonder White) DHA bread con-
tains only 34 mg of 20:5n-3 and 22:6n-3 in 2 slices. Both breads
contain per serve less than 15% of what is needed for good heart
health and less than 3% of the recommended dose for people at
high risk of CVD.

AP Foods (Seachange) omega-3 spread contains 600 mg of long
chain n-3PUFA per 100 g. Approximately 35 g/d of this spread
must be consumed for a healthy heart and 175 g/d would need to
be consumed to obtain sufficient long chain n-3PUFA to benefit
those at high risk of CVD.

Biomedical Laboratories (IQ3 Brainstorm) cereal bars in the
United Kingdom are made using Nu-Mega's Driphorm powdered
fish oils. The fruit-flavored bars, containing 150 mg of 20:5n-
3/22:6n-3, are marketed as a way to improve children’s perfor-
mance at school. This appears to be a good way of supplying long
chain n-3PUFA in the diets of children. '

Conclusions
learly, there is a need to develop foods that can deliver the rec-
ommended level of long chain n-3PUFA in convenience foods
consumed on a regular basis. n-3PUFA, particularly of marine ori-
gin, will continue to be a minority of all the fatty acid classes present
in the human diet, even after making a recommendation of 2 to 3
servings of fish and seafood per week. It is not likely that we will

Fortified with n-3 Polyunsaturated Fatty Acids

% of daily dose

% of daily dose (for those at high

Product 20:5n-3/22:6n-3 (general population) risk of CVD) Country
Dairy Farmers (Farmers Best) milk 31.2 mg per 250 mL serve 15 3 Australia
Brownes (Heart Plus) milk 150 mg per 250 mL serve 75 15 Australia

Coles (High Top) bread 37 mg per serve of 2 slices 16 32 Australia

AP Foods (Seachange) omega-3 spread 200 mg per 35 g serve 100 20 Australia

Fish oil capsules (most brands) 300 mg per 1 g capsule 150 30 Australia
Cereal bars (Biomedical Laboratories) 150 mg per bar 75 15 United Kingdom
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start eating fish on a daily basis just because the n-3PUFA are bene-
ficial to health. If everyone in the world starts consuming even 2 to 3
servings of fish per week, the supply of fish will run out very quickly.
Innovative methods of providing required amounts of long chain
n-3PUTFA are needed. Species of algae and fungi have been isolated
and cultured for mass production of long chain n-3PUFA free of the
toxins that are typically found in some fish. Efforts are being made to
insert genes in plants and animals to enable endogenous synthesis
oflong chain n-3PUFA. Until such gene manipulations are success-
fully implemented and their safety established, it is imperative that
the delivery and the bioavailability of n-3PUFA are optimized. There
is some evidence to suggest that the bioavailability of long chain n-
3PUFA can be improved by providing n-3PUFA in a food matrix that
accelerates their entry into the mucosal cells. Someimportantpoints
to optimizing the benefits from n-3PUFA supplements, such as fish
oil capsules, include the following:

1. Keep n-6PUFA in the diet as low as possible.

2. Consume n-3PUFA supplements with a background diet rich
in MUFA.

3. Consume supplements with the meal.

4. Ensure that sufficient preformed long chain n-3PUFA foods
are consumed, rather than relying on foods containing the parent
18:3n-3.

5. Prefer microencapsulated fish oil capsules over normal cap-
sules.

Research Needs

t is evident from the information presented in this article that

there is a need to develop functional foods that can provide the
recommended levels oflong chainn-3PUFA, including for those who
have already had a cardiovascular event and those at a high risk of
developing CHD. It is noteworthy that although foods fortified with
higher levels of long chain n-3PUFA need to be developed, the total
fat content, particularly the level of SFA, must not exceed the dietary
guidelines. The fortified food must be convenient, palatable, with
no fishy odor/flavor and no fishy eructation following consump-
tion. The food matrix should provide minimum or no resistance
for release of long chain n-3PUFA in the gastrointestinal tract to
ensure maximum bioavailability. Particular attention needs to be
paid to the material used for microemulsification, as this may be an
important criterion for the bioavailability of long chain n-3PUFA.
Quantitative data on bioavailability of long chain n-3PUFA from the
n-3PUFA enriched foods is lacking in the literature, although acute
and chronic effects of consuming these foods on n-3PUFA incor-
poration have been extensively reported. Other factors, dietary or
physiological, which might affect the bioavailability of long chain
n-3PUFA also merit further investigation. Perhaps, long chain n-
3PUFA can be combined with other nutrients in a single food to op-
timize their health benefits. One such ideal combination may be the
synergistic effects oflong chain n-3PUFA and plantsterols on plasma
lipids. Plant sterols are known to reduce plasmaand LDL cholesterol,
while the triglyceride lowering properties of long chain n-3PUFA
are well established. The combination of the two may be ideal to
achieve overall lipid-lowering effects from a single food. Similarly,
long chain n-3PUFA canbe combined with other dietary ingredients,
such as carotenoids, in order to maximize the anti-inflammatory
effects for the prevention of rheumatoid arthritis, asthma, and in-
flammatory bowel disease. The development of functional foods
enriched with larger amounts of long chain n-3PUFA and testing
for bioavailability, biological and clinical effects require a concerted
team effort, including food scientists/technologists, human/ clinical
nutritionists, and food producers. Some of these aspects of long
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chain n-3PUFA are under active investigation in our research
laboratories.
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FUNCTIONAL FOODS: A HISTORY WITH A LOT OF PRESENT AND FUTURE.

Misael CORTES R.", Amparo CHIRALT By Luis PUENTE D.*

RESUMEN

La evolucién de los hibitos nutricionales ha sido muy variable a través del tiempo, pero siempre
soportada con el criterio basico de mantener la salud. Cada dia las exigencias de los consumidores se
dirigen mds a la bisqueda de nuevos productos con propiedades funcionales que puedan proporcionar
ademds del valor nutritivo, otros componentes con actividad fisiolgica que permitan un mejor estado
tanto fisico como mental, reduciendo asi el riesgo de enfermedades y alargando la vida al mismo
tiempo que manteniendo su calidad. Esta revisién describe aspectos importantes de alimentos e
ingredientes con caracterfsticas funcionales, a través del pasado, presente y futuro.

Palabras clave: alimentos funcionales, ingredientes funcionales, componentes fisiol6gicamente activos.

ABSTRACT

The evolution of nutritional habits has experienced many changes through the time, but it has always
been supported with the basic criterion to maintain the health. Every day the exigencies of the consumers
go more to the search of new products with functional properties that can provide in addition to the
nutritious value, other components with physiological activity that allow a better physical and mental
state, reducing therefore the risk of diseases and extending the life at the same time that maintaining
its quality

This review describes an overview about the most important aspects of the foods and ingredients
with functional characteristics through the past, present and future.

Keywords: functional foods, functional ingredients, physiologically active components.
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INTRODUCCION

La Academia Nacional de Ciencia de los Esta-v

dos Unidos ha definido los alimentos funcionales
como “cualquier alimento o ingrediente alimen-
ticio modificado, que pueda proporcionar un be-
neficio a 1a salud superior al de los nutrientes tra-
dicionales que contiene” (1). Muchas otras defi-
niciones en el mismo sentido se pueden encon-
trar (2, 3, 4, 5, 6). A lo largo del tiempo se han
utilizado muchos términos para identificar los ali-
mentos funcionales, tales como alimentos de di-
sefio, productos nutracéuticos, alimentos
genéticamente disefiados, farmalimentos,
vitalimentos, fitoalimentos/fitonutrientes, alimen-
tos de alto rendimiento, alimentos inteligentes,
alimentos terapéuticos, alimentos de valor afiadi-
do, alimentos genémicos, prebiticos/probidticos,
alimentos superiores, alimentos hipernutritivos,
alimentos reales (3,7). La tabla 1 resume alguna
de estas definiciones.

Tabla 1. Definiciones relacionadas con los alimentos funcionales

VITAE

Alcoholes derivados de azdcares. ©
Ac1dos grasos poliinsaturados..
o Péptidos y Protefnas;-
* Glucésidos, Isoprenoides y Vitaminas. -
* Alcoholes y fenoles.
* Colinas (lecmna)
= Bacterias del 4cido lictico.
¢ Minerales.
€ SOhosiy

El poder funcional de los alimentos sobre la
salud es de origen milenario, principalmente a lo
largo de la historia de la cultura oriental, donde
los alimentos y la medicina son considerados igual-
mente importantes en la prevencién y curacién
de enfermedades. La relacién alimento-medicina
es conocida por la cultura china hacia el afio 1000
AC. El “Yellow Emperor’s Internal Classic” es pro-
bablemente el primer libro clisico de medicina
china (745-221 AC) donde se encuentran diversas
prescripciones de dietas médicas (7). Muchos pro-
ductos, desde la anti-
giiedad, han sido utili-

zados como alimentos,

Término Definicion Bibliografia o
y como medicina, tales
Alimgnto Cualquier gﬁmento o ingredientg que proporcione 1 como el jengibre, la
Funcional un beneficio para la salud superior al que aportan ¢ 15 1
los nutrientes tradicionales que contenga. menta, € ajo, € aza-
e . e - — fran. La filosoffa del
Quimiopreventivo | Componente alimenticio, con funcion nutritiva o no, 8 “ahmento como medl—»
que se ha comprobado cientificamente que posee 4
potencial inhibitorio, preventivo frente cina” es la que sopotta
al cancer primario y secundario. el paradigma de los ali- *
Alimento Alimento procesado al que se le han afiadido 9 mentos func10nales v
de Disefio ingredientes naturales ricos en sustancias preventivas (13).
de enfermedades. Una de las prime-
Nutracéutico Cualquier sustancia que pudiera considerarse alimento,; 10, 11 ras menciones histdri-
o parte de él, que proporcione beneficios médicos cas de incorporacién de
o parallzt:l stalugl, i?clgyendfo la p(;e\éencién nutrientes en los ali-
el tratamiento de enfermedades.
y ; mentos data del 400
Fitoquimico Sustapdas que se _en.cuentrgn.en frutas y verduras 8,12 DC, en el que el mé-
comestibles, que se ingieren diariamente en cantidades .
; . dico persa Melanpus
importantes por los humanos, y que poseen el potencial S = .
de modular el metabolismo de forma positiva sug1.r16 que la 3d“C‘°n
en la prevencion del cancer. de limaduras de hierro

al vino en campaifias
bélicas tenfa un efecto

El sistema regulatorio japonés, FOSHU (Ali-
mentos de uso exclusivo para la salud), describe
11 ‘categorfas de ingredientes con actividad fisio-
16gica (3):

e Fibras alimentarias.
* Oligosaciridos.

fortalecedor y de aumento en la resistencia en los
soldados que lo consumian. Ya en el afio 1831 el
médico francés Boussingault impulsé la adicién
de yodo a la sal para prevenir el bocio.

La cultura occidental durante la historia ha crea-
do una barrera entre la alimentacién y el trata-
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miento farmacolégico que hoy en dia estd des-
apareciendo. En 1942, la caseina parcialmente
hidrolizada como una fuente proteica fue utiliza-
da en pacientes pedidtricos con desérdenes
gastrointestinales y alergias. Hacia 1950 fue desa-
rrollada para los astronautas una férmula com-
pletamente hidrolizada para disminuir los dese-
chos durante el vuelo (11).

Durante la primera mitad del siglo XX, las vi-
taminas fueron objeto de especial atencién en el

campo de la nutricién; por parte de la comunidad

cientifica; es la época del descubrimiento de 13
vitaminas esenciales (13)."El paradigma de la épo-
ca establecia que los alimentos deberfan ser abun-
dantes, sin contaminacién ni adulteracién, sanos
y nutritivos (14).

La llegada de las dos Guerras Mundiales pro-
vocé hambruna en la poblacién, y esto impulsé a
los diferentes gobiernos a establecer verdaderos
programas de enriquecimiento de alimentos con
toda clase de nutrlentes esencxales, con la finali-
dad de corregir o prevenir las deficiencias alimen-
ticias que sufrfa un sector muy amplio de la po-
blacién. Se promovié la mejora del conocimiento
de la composicién nutricional de los alimentos y
el desarrollo de proyectos de restauracién de nu-
trientes en aquellos alimentos que los habian per-
dido durante los procesos de manipulacién y trans-

formacién industrial. Asf se establecieron como
préicticas de fabricacién la adicién de yodo a la sal,

las vitamitias A'y: D a la margarina, la vitamina D a
la leche, y las vitaminas B1, B2, niacina y el hierro
alas harinas y al pan (15).

Existe un interés muy especial de muchos pai-
ses, comunidades académicas y cientificas, por
explorar en el campo de los alimentos funciona-
les dado que cada dia la cultura hacia una alimen-
tacién sana y con mayores beneficios va en au-
mento. El objetivo del presente documento es el
de ilustrar sobre aspectos generales de los alimen-
tos funcionales, analizar la situacién actual y las
tendencias en un futuro préximo. La revisién fue

realizada en la base de datos de la Sciencedirect
(ELSEVIER) en el periodo de los dltimos 15 afios,
en libros y tesis de posgrado especificos de ali-
mentos funcionales editados en los Gltimos 5 afios.

Situacién actual

El concepto de los alimentos funcionales:fue
desarrollado en Japén durante la década de 1980,
como una necesidad para reducir el alto costo de
los seguros de salud que aumentaban por la nece-
sidad de proveer cobertura a una poblacién cada
vez de mayor en edad (16). Con el paso del tiem-
po se han identificado componentes fisioldgica-
mente activos o bioactivos en los alimentos (17,
18, 7), soportados con un aumento en las eviden-
cias cientificas en que se apoyan los efectos fisio-
légicos o los beneficios para la salud; al mismo
tiempo aumenta el interés de los consumidores,
la industria y los legisladores por este tipo de ali-
mentos.
i [industria alimentarfa de-
~ de adaptacién e innovacién *
de productos de calidad que satisfagan las expecta-
tivas y ademés respondan a las necesidades sociales
de los consumidores. La importancia de la innova-
cién, y especialmente su transferencia y evolucién,
debe extenderse a la comunicacién, bisqueda de
informacién, ayudas de los gobiernos, las socieda-
des, las alianzas. Ademds, para conseguir una poli-
tica de innovacién, la empresa puede optar por el
desarrollo interno de tecnologfa o bien por la trans-
ferencia de la misma (19). Segiin el informe de tec-
nologia e innovacién en Espafia, COTEC 2003
(www.cotec.es/publica/publicaciones.html), el gasto
de Investigacién y Desarrollo (I+D) se interpreta
como la verdadera inversién que prepara la futura
capacidad competitiva de los paises y de las empre-
sas (Figura 1). Los pafses que van a la cabeza en
inversiones en 1+D, 1gualrhente corresponden a
los de avances més significativos en el desarrollo
de alimentos func1onales USA, Japén, Alemania,
Francia y el Reino Unido.
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Pais

Alimentos que ayudan al metabo-
lismo de sustancias, con bajo conte-
nido energético, bajos en grasas o en
aziicares, enriquecidos en 4cidos gra-
sos omega-3 o en fibra, bebidas y
productos para deportistas, contri-
buyen a mantener un peso adecua-
do, controlar el nivel de azdcar en
sangre o las tasas de colesterol y tri-
glicéridos plasmiticos, o permiten un
adecuado rendimiento en la prictica
de actividad fisica. En estos produc-
tos se sustituye el aziicar comiin por
otro tipo de edulcorantes no caléri-
cos {sacarina, ciclamato, espirtame,
etc.) o bien se reduce o sustituye
cierta cantidad de grasas por otros
componentes menos caléricos (almi-
dones, etc.). Algunos ejemplos son:

g 90000 180000
Gastos I+D (US$ Millones))

mermeladas con edulcorantes no ca-
16ricos, patés, margarinas y mayore-

270000

’ Fucnte: www.cotcc.cs/publica/publicaciones.html.
Fecha de consulta: Agosto 2003.

Figura 1. Situacién internacional actual de inversiones en I+D.

En el mercado actual se encuentran una serie
de productos que ayudan a favorecer un adecuado
crecimiento y desarrollo del individuo, interesante
para las mujeres durante la gestacién, el desarro-
Ho fetal, el crecimiento y desarrollo del lactante y
del nifio. Hay alimentos enriquecidos en hierro y
folatos (cereales de desayuno), yodo (sal yodada),
calcio (licteos y bebidas), vitamina D (licteos y
grasas), nutrientes especificos en la infancia (fér-
mulas infantiles), etc. Uno de los alimentos que
contiene estas propiedades es la leche enriqueci-
da con calcio, vitaminas A y D. El lanzamiento de
estos productos en la gama desnatada y semides-
natada se ha impulsado bajo la restauracién de las
vitaminas liposolubles A y D, que la leche pierde
al eliminar la grasa. El objetivo del calcio en estos
productos es ayudar a la formacién y el manteni-
miento de una masa ésea y dientes fuertes y sa-
nos (20). La leche, junto con los derivados licteos
tiene su principal valor nutricional en su alto con-
tenido en calcio y su consumo es tan imprescin-
dible que su exclusién o bajo consumo impedirfa
el aporte dietético de calcio adecuado.

sas light, bebidas con sacarina u otros
edulcorantes acaléricos, etc.

Se han desarrollado productos
que favorecen la defensa contra el
estrés oxidativo; funcionan como
una barrera frente al efecto nocivo

de los radicales libres sobre el ADN, las protei-

-nas y los lipidos de nuestro cuerpo. Estos contri-

buyen a reducir el riesgo de enfermedades car-
diovasculares, degenerativas ¢ incluso de cincer.
Entre las sustancias antioxidantes mds destacables
se encuentran las vitaminas E y C, los carotenoi-
des, el zinc, el selenio, los polifenoles y compues-
tos de azufre. Se destaca la presencia en el merca-
do en forma creciente de los jugos de fruta o de
bebidas de leche y jugo, que incluyen entre sus
ingredientes una o varias sustancias antioxidan-
tes. La actividad antioxidante de la vitamina E qui-
z4s la hace una de las mis importantes; existe evi-
dencia cientifica de que la vitamina E puede ayu-
dar a prevenir ciertas formas de cincer (21) espe-
cialmente cincer de préstata (22). Algunos auto-
res apuntan un caricter preventivo de la angina
(23), la preclancia (24), la enfermedad de Alzhei-
mer (25), la artritis reumatoidea (26), cataratas (27)
y a tratamientos de infertilidad (28). Es impor-
tante tener en cuenta que altas dosis pueden pro-
vocar el efecto contrario, es decir, pueden resul-
tar prooxidantes (29, 30, 31).
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Algunos aceites vegetales tienen una variedad
de componentes fisiolégicamente activos que son
obtenidos por procesos de refinado y son de uso
medicinal, tales como: la vitamina E, los 4cidos
grasos como el 4cido y-linolénico y el 4cido
ricinoleico, los fosfitidos como la fosfatidilcolina y
la fosfatidilserina, los carotenoides como el
f-caroteno, los fitosteroles como el f-sitosterol,
el estigmasterol o sus formas saturadas (estanoles),

el y-oryzanol, quinonas como la coenzima Q,,

(CoQyy) ¥ Ias v1tam1nas K v K, (32). En Japén
alg estibles con altos niveles de

erol han recibido la aprobacién
a tendencia actual hacia: los

segun el FOSHU' ‘
aceites refinad
fortificacion de 1
USA durante los afios 1940. Todos estos
componentes tienen un gran potencial en el
desarrollo de nuevos productos funcionales.

rtlﬁcados es similar a Ta

La oficina:de-Food and Drug,Administrati’oﬁA

(FDA) rec1entemente aprobor el uso. de.esterol
dar a disminuir
inda a-nivel'mun-
de su aproba-

cién;zdesafortu ;
enriquecidores

Ensayos recientes han confirmado que alinientos
de diferentes matrices, enriquecidos en fitoste-
roles reducen el LDC-colesterol sin-alterar el
HDL-colesterol o los triglicéridos en general (34).
En el mismo sentido, el desarrollo de una mayo-
nesa que ayuda a reducir el colesterol, utilizando
y-Oryzanol puede contribuir igualmente a incre-
mentar la demanda de este componente en el fu-
turo (35).

El consumo habitual de 4cidos grasos omega-
3 (4cido eicosapentanoico (EPA) y 4cido docosa-
hexanoico (DHAY)), contribuye a reducir las tasas
de colesterol y triglicéridos sanguineos y a redu-
cir el riesgo de formacién de trombos o codgulos
y de enfermedades cardiovasculares (36). La le-
che desnatada enriquecida con omega-3 'y huevos
con DHA son un ejemplo particular de estos pro-
ductos.

Otros alimentos funcionales son los probidti-
cos que son aquellos que contienen microorganis-

arina de trigo que émpez6 en

el-costo-del producto'
‘veces 'mayor queel de und tar-,
garina normal-(33)s De iguial manera; el Comité
Cientifico de Alimentacién Humana en la Unién:
Europea aprobé. recientemente el ennquec1m1en— ;
to en fitosteroles de margarinas y yogur liquido.

mos vivos que al ser ingeridos en cantidades sufi-
cientes, ejercen un efecto positivo en la salud mis
alld de los efectos nutricionales bisicos (37, 38, 39).
En esta denominacién se incluyen, ademids de los
microorganismos del yogur (Lactobacillus bulgaricus
y acidophillus), los de otras leches fermentadas de
nueva generacién (Bifidobacterium y Lactobacillus ca-
sei inmunitas, etc.). Las bacterias dcido-licticas ejer-
cen similares acciones saludables en el organismo:
equilibran la flora intestinal y potencian el sistema

de defensas o inmunolégico (40).

Los prebidticos son sustancias de los alimen-
tos que resisten la digestién en el intestino delga-
do y son susceptibles de ser fermentadas por la
flora bacteriana del intestino grueso, ejerciendo
un efecto favorable sobre la misma e indirecta-
mente sobre nuestro cuerpo. Entre los prebi6ti-
cos hay diferentes tipos de fibra: soluble, lignina
y ohgosacarldos no digeribles, por ejemplo los
fructooligosacaridos, que se afiaden a productos
como leche; yogures, flanes y margarifias. Estos
compuestos son sustrato de las bacterias que co-
lonizan el intestino grueso, originando 4cido lic-
tico y dcidos grasos de cadena corta, que estimu-
lan el crecimiento de las bifidobacterias y equili-
bran la flora intestinal (37,38).

Otros productos que favorecen las funciones
psicolégicas y de conducta, que estdn relacionadas
con el apetito y la sensacién de saciedad, el rendi-
miento cognitivo, el humor o tono vital y el ma-~
nejo del estrés son los alimentos enriquecidos en
fibra, con sustancias excitantes (cafeina, ginseng,
etc.) o tranquilizantes extraidas de plantas, etc. (7,3,
41).

El mercado actual de los alimentos funciona<
les es estimado en el orden de 33 billones de dé-'
lares. USA es el mercado mis importante y dini-
mico con un consumo estimado mayor del 50%°
de la cantidad global (42,43), donde los alimentos
funcionales representan aproximadamente un total
del 2% del mercado total de los alimentos (44).

Otro mercado importante es el japonés. El
informe de la Japan Health Food & Nutrition Food
Association, del 26 de enero de 1998, establecié
que desde la entrada en vigor de la regulacién hasta
el aflo 1998 solamente 126 productos recibieron
la aprobacién FOSHU vy estos productos repre-
sentaron en ventas aproximadamente 1 billén de
délares. En febrero del 2000, el ndmero de pro-
ductos con la aprobacién FOSHU fue 174 y sus
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ventas en el mercado representaron alrededor de
2 billones de délares, sin embargo aproximada-
mente mil productos adicionales han sido intro-
ducidos en el mercado japonés como alimentos
saludables sin la aprobacién de FOSHU (45).

Marco legislativo

Con el espectacular aumento en la comerciali-
zacién y el uso de suplementos dietéticos y ali-
mentos enriquecidos y fortificados que el merca-
do ha experimentado, se hace cada vez mais nece-
sario un marco legislativo que proteja a los con-
sumidores de las atribuciones de propiedades fal-
sas o confusas y que ademds pudiera responder a
las necesidades de la industria en cuanto a innova-
cién en el desarrollo de productos, su comerciali-
zacién y su promocion.

Japén a partir de 1991, es el tinico pais que tie-
ne un proceso regulador especifico para la apro-
bacién de alimentos funcionales, conocidos como
el sistema FOSHU, que estd amparado por la
nueva ley de regulacién de mejora nutricional se-
gln ordenanza ministerial No. 41, de julio de 1991,
enmendada por la ordenanza ministerial No. 33,
de mayo 25 de 1996) (46). Los.alimentos ‘cor la
aprobacién FOSHU estin soportados por infor-
mes de seguridad, evidencias cientificas sobre el
efecto en los 'y la composicién o un ani-
lisis nutricional correspondiente. De acuerdo a los
japoneses, un alimento funcional debe cumplir 3
condiciones (2): +
1. Estar constituido por ingredientes naturales.
2. Se debe consumir como parte de una dieta

diaria.
3.Set un alimento que al consumiirse presente

una particular funcién en el cuerpo humano,
como:
*  Mejoramiento en los mecanismos de
defensa biolégica.
o Prevencién o recuperacion de algunas
enfermedades especificas.
e Control de las condiciones fisicas y
mentales.
o Retardo del proceso de envejecimiento.
En la Unién Europea (UE), en la actualidad no
existe una legislacion armonizada sobre las discu-
siones de salud, y por lo tanto las cuestiones relati-
vas a dichas discusiones se resuelven a nivel nacio-
nal (3). El reto en los estados miembros de la UE

‘padecer enfermedades” en ciertos aliment

VITAE

es conseguir, bajo el marco regulador existente, que
los mensajes que se comunican no hagan ninguna
referencia a que dichos alimentos puedan reducir
el riesgo de padecer enfermedades, incluso aun-
que existan pruebas cientificas que avalen dichas
afirmaciones. La legislacién europea relativa al eti-
quetado prohibe atribu los alimentos propie-

dades preventivas, terapéuticas o curativas, y la re-
ferencia a dichas propiedades. En ausencia de una
directiva relativa a alegaciones de salud, los estados
miembros de la UE han aplicado diferentes inter-
pretaciones de la actual legislacién sobre etiqueta-
do. A su vez, la opinién generalizada es que las ale-
gaciones de salud deben estar adecuadamente co-
rroboradas para proteger al consumidor, fomentar
el comercio justo y potenciar las investigaciones y
la innovacién en la industria alimentaria.
En Bstados Unidos se permite desde 1993 que
s aleguen propiedades “que reducen el riesgo de
: os. Solo
se autoriza una declaracién de béri[eﬁcib,, para la_
salud en el etiquetado de productos regulados por
la administracién para alimentos y medicamenitos
(EDA), siempre que existan evidencias fficas
puablicamente disponibles que demuestren la va-
lidez de la relacion descrita en esa declaracioén (47).
Segin la FDA, las discusiones pueden basarse tam-

bién en “declaraciones autorizadas” de Organis-

mos Cientificos Federales, como los Institutos

' Nacionales de la Salud (National Institutes of

Health) y los Centros para la Prevencién y el
Control de Enfermedades (Centres for Disease
Control and Prevention), asi como de la Acade-
mia Nacional de las Ciencias (48).

DESARROLLO DE ALIMENTOS
FUNCIONALES

Criterio para la seleccién del alimento
portador.

Uno de los factores mds importantes para el
éxito de cualquier programa de incorporacién de
nutrientes a los alimentos lo constituye la eleccion
del alimento portador. En primer lugar es necesa-
rio conocer los gustos y las necesidades nutricionales
de la poblacién a la que van destinados estos pro-
ductos. Se espera con su consumo méjoraf‘ el esta-
do alimenticio y de salud de la poblacién en su con-
junto, por lo que las caracteristicas organolépticas
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del alimento fortificado deberdn ser del agrado y

aceptacion del consumldorf Esto hace que no cual-
quier alimento pueda ser fortificado, aunque téc-
nicamente sea posible. Ademis no todos los
nutrientes pueden ser adicionados, puesto que su
estabilidad dentro de la matriz del alimento, asf
como sus efectos sobre la naturaleza y calidad del
mismo, tienen la Gltima palabra en la viabilidad del
proceso y en la aceptacién por el consumidor. Asf

pues, la seleccién del alimento debers garantlzar%f

las mgméntes conmderacxones ,
* Control de calidad. ¥

frir camblos mgmﬁcatwos
: Ser econémlcamente viable a través de un pro-

. ’No toxncxdad debldo 2 un exceso de la dosis
empleada 0 por mteraccxones, onz otros com-

Metodologias de fabricacién
* Ingenieria genética

El desarrollo biotecnolégico ha permitido ob-
tener productos con cambios perdurables en el
tiempo y de caracteristicas especiales a partir de
modificaciones genéticas. Arroz con b-caroteno y
un mayor contenido en hierro (49, 50), soja rica
en 4cido oleico y pobre en 4cidos grasos satura-
dos (51) y cambios en el valor nutricional de la
patata (52) son ejemplos de estos productos.

- Técnicas en cultivo y cria,

Modificaciones en las técnicas de cultlvos ve-
getales y cria de animales pueden generar mejo-
ras en los productos finales. Huevos enriqueci-
dos con 4cidos grasos omega-3 (53; 54;°55), leche
y carne de vaca enriquécidas con 4cido linoleico
(56), son algunos ¢jemplos. .
 Incorporacién a granel

Es ésta la tecnologfa mis utilizada en los pro-
gramas de fortificacién y enriquecimiento. En
general, implica la obtencién de una mezcla ho-
mogénea que contiene los nutrientes a adicionar
en las cantidades deseadas. Las cantidades agrega-
das dependerin en gran medida de la fase del

procesamlento seleccionada para-la adicién, pues -
re:se deberan tomar éen consxderaaén to-
dos. aquellos factores de industrializacién capaces.
de causar pérdidas de los nutrientes incorpora-
dos, tales como tratamientos térmicos, operacio-
nes mecanicas, procesos de enfriamiento que re-
duzean la disolucién de la premezcla en el pro-
ducto, etc Los alimentos formulados mis comer-
zados siguiendo el método de mezclado son
car; las harinas,; prodiictos’ licteos, los acei-
tes vegetales, la- margarma, las bebidas y los ali-
mentos lfquidos.

. Ingemerla de matrices. Impregnacién a
vacio (IV).

El proceso de impregnacién a vacio ha sido
descrito (57,58) a través de la accién del mecanis-
mo hidrodindmico (HDM), como un proceso de
transporte de materia en un sistema sélido poro-
so-liquido. La técnica de impregnacién a vacio (IV)
ha sido aplicada para introducir liquidos con com-
ponentes fisiolégicamente activos en la estructu-
ra porosa de diferentes frutas, cambiando la com-
posicién del producto y sus propiedades fisico-
quimicas (59,60). Esta técnica se presenta como
una alternativa de la aplicacién en la industria
alimentaria para la produccién de nuevos alimen-
tos funcionales por las siguientes ventajas (61):
¢ Cinéticas de transferencia de masa répidas.

* Mayor ganancia de solutos en tiempos cortos.

¢ Mejor conservacién del color y mejora del
mismo en algunos productos.

e Conservacién del sabor y aroma del producto
fresco, al permitir trabajar a bajas temperatu-
ras sin incrementos importantes de tiempo de
proceso.

La impregnacién a vacio estd afectada por di-
versos factores (61, 62):
¢ Composicién del tejido.

* EBstructura del tejido (tamafio y distribucién de
poros).

* Tiempo de relajacién de la matriz sélida, que
depende de las propiedades mecinicas del ali-
mento.

¢ Velocidad de flujo del gas y del liquido durante
la accién del HDM, que a su vez depende de la
estructura del tejido y de la viscosidad de la
disolucién.

¢ Tamafo y forma de la muestra.
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Mecanismos de accién

Las acciones bisicas implicadas en las distintas
técnicas de obtencién de alimentos funcionales se
simplifican en:

o Extraccién: se extrac o neutraliza la accién de
algin componente no deseado, presente en el
alimento, por e¢jemplo agentes téxicos 0
mutagénicos.

« Reemplazo: se procede a una sustitucién par-
cial o total de un componente negativo por uno
positivo, sin modificar de manera notable las
propiedades del alimento (ejemplo: sustituir
materia grasa de origen animal por hidratos de
carbono de cadena larga).

o Aumento: se aumenta el contenido de un com-
ponente beneficioso para la salud, preexistente
en el alimento (ejemplo: la adicion de fibra).

o Adicién: se afiade un ingrediente que elalimen-
to previamente 1o, contenfa y que supone una -
ventaja para el consumidor (cjemplo: adicién
de vitaminas, minerales u otros micronutrien-
tes).

Fases de desarrollo

Las fases mds importantes en el proceso de
desarrollo y obtencién de alimentos funcionales
son (63):

1) Seleccion y definicién clara de los componen-
tes fisiolégicamente activos.

2) Desarrollo de las técnicas adecuadas para iden-
tificar y valorar la actividad de dichos ingre-
dientes en la materia prima y en el producto
terminado.

3) Estudio experimental de las propiedades fisi-
cas, quimicas y bioldgicas del alimento.

4) Estudio de los procesos de absorcién y de
metabolizacién del ingrediente con actividad
fisiolégica por el organismo.

5) Estudio, mediante procedimientos acelerados,
de la estabilidad del constituyente activo en la
f6rmula final, en distintas condiciones.

6) Valoracién extensa de los hipotéticos efectos
beneficiosos en un modelo animal, prepardn-
dose para los ensayos clinicos.

7) Realizacién de estudios de toxicidad aguda 'y
crénica, en modelos animales adecuados.

8) Establecimiento de las dosis minimas y méixi-
mas en adultos y en nifios sanos, asi como en

VITAE

enfermos y en personas mayores (si en ellos
tuviera indicacién ¢l principio activo).

9) Experimentacion clinica siguiendo el protoco-
lo cientifico adecuado, en adultos sanos.

FUTURO DE LOS ALIMENTOS
FUNCIONALES

Las principales tendencias para el desarrollo
futuro de los alimentos funcionales estan relacio-

nadas con los siguientes hechos:

« Los cambios en las expectativas y las actitudes
de los consumidores.

o El crecimiento del conocimiento sobre la rela-
ci6n dieta-procesos ﬁs‘io‘l'(’)gicos‘.i'

« Los avances en la ciencia y tecnologfa de 10s
alimentos -

o Los cambios en las politicas reglamentarias.

i fios tectiolégicos a los que

de nuevos alimentos fun-

os clinicos que
avalen de manera rigurosa los efectos beneﬁcib—
s0s que se atribuyen a los distintos componentes,
asf como también cumplir con las nuevas expec-
tativas de los consumidores y los aspectos de
mercado y legislativos que se vayan generando. |

Las frutas son alimentos cuya mayor parte de
J]a produccion mundial estd destinada al consumo
en fresco, y disefiar nuevos productos funciona-
les a partir de éstas, con mayor tiempo de vida
Gtil, abre nuevas puertas al crecimiento de la
agroindustria y a la satisfaccion de las exigencias
del consumidor actual. El enriquecimiento de fru-
tas con componentes fisiolégicamente activos
puede ser un efectivo camino para combatir defi-
ciencias y, en este sentido, las frutas son clave como
vehiculo portador por su elevado consumo mun-
dial. Si éstas se enriquecen a niveles del consumo
diario recomendado (CDR) pueden contribuir a
un mejor estado nutricional de la poblacion.

Las mejores perspectivas del futuro las tiene
la expresién de genes que codifican protefnas de
alto valor afiadido en la glindula mamaria de al-
gunos mamiferos. Como consecuencia se pro-
duce una leche enriquecida en determinados pro-
ductos, como el activador del plasmindgeno o el

B T
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factor antihemofilico (12). Claramente la inge-
nierfa genética es una nueva tecnologia en ex-
pansién que va a cambiar la oferta alimentaria
en los préximos afios.

10.

1.

12.
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Abstract

ogy, the study further fulﬁls two additional aims: third, to obtain:insights into-the functlonal food-related: buying motives of consumers;
and fourth, to design a MEC hierarchy of consumption-relevant cognitive structures per age group in order to explain their functional
food-related purchasing behaviour. The results of the study highlight health enhancement and health risk prevention through appropri-
ate dietary choices as the most important motives of functional food purchasing for the two age groups, respectively. A special interest in
eating enjoyment that results from functional food consumption and in trust that must surround those foods also emerge from both age
groups. Moreover, some differences among the two age groups are prominent, such as that the early-middle-aged consumers show a great
interest in knowing the origin of the functional product; while the young adults emphasize on functional foods’ convenience and (low)
price. These results lead to the conclusion that functional foods should deliver their health benefits above and beyond the standard (high)
perceived quality required by consumers from any common food product.

© 2008 Published by Elsevier Ltd.
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in the following Hippocrates’ isaying: “‘Lef
be your medicine, and your medicine be your food”
(Jonas & Beckmann, 1998, p. 11). ¢

Nowadays, an internationally acknowledged definition
of functional foods is still lacking. According to Margaret
(2002): “....a food can be regarded as functional if it is satis-

1. Introduction

In order for some foods to be connected with healthy
nutrition, they should usually be related with food elements
such as fat, salt, dietary fibres or vitamins (Urala, 2005).
Apart from this rather conventional perception of what

constitutes a nutritious food, there are many food products
that have special beneficial effects on the human organism,
usually referred to as “nutraceuticals”, “pharma foods”,
“nutritional foods”, “medical foods”, “designer foods™,
“super foods” and also as “functional foods” (Childs &
Poryzees, 1997). The basic idea behind functional foods is
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factorily demonstrated to beneficially affect one or more
target functions in the body beyond adequate nutritional
effects in a way that is relevant to either an improved state
of health and well-being andlor to a reduction of risk of
disease...” (Margaret, 2002, p. 5). Furthermore, functional
foods must maintain their nutritional nature and they
should easily become part of daily nutrition: “Functional
foods must remain foods, and they must demonstrate. their
effectsin amounts that can normally be expected to be
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t. They are not pills or capsules, but part:
attern” (Margaret, 2002, p. 5).

By implementing a Means-end Chains (MEC) analysis
methodology, the present study attempts to identify which
functional foods’ attributes affect consumer’s choice, to
understand the motives behind the purchasing of a func-
tional food and to explore consumers’ cognitive structures
by linking consumers’ knowledge about functional food
product attributes to knowledge about themselves. The
paper begins with a literature review of consumer behav-
iour towards functional foods. The methodology part that
follows refers to the objectives of the research and describes
its two stages (exploratory and main stage). The analysis
and results are presented in the third part of the paper,
while the discussion section examines the degree to which
the objectives of the study have been fulfilled. Finally, the
conclusions section summarizes the most important points
of the research and presents some useful managerial
insights for the functional food industry.

2. Consumer behaviour towards functional foods

The lack of an official definition is one of the main con-
straints for the analysis and monitoring of functional food
markets (Menrad, 2003), as well as for their growth (Cas-
tellini, Canavari, & Pirazzoli, 2002). However, consumers
rarely prefer or dislike a food on the basis of business or
scientific terms describing its healthiness or nutritional
value (Lahteenmiki, 2004). On the contrary, functional
foods are often regarded as a food type that responds to
any health-relevant consumer requirements. According to
Schmidt (2000); consumers who receive the “message” of
functional foods and feel in control of their health condi-

tion know that certain food ingredients can help to reduce

the risk of a disease or improve their health status. As a
result, this particular food category seems to have many
growth prospects in the short run (Lihteenméki, 2004).

wth potential, functional foods
i me

ntzfun prodiiéts
y @Urala & Lihteenmiiki, 2004, 2007). The most
important criteria of functional foods’ acceptance include
perceived functional product characteristics such as their
naturalness and overall quality image as opposed to the
hedonic perception that results from their consumption
(Urala, 2005). Moreover, consumer characteristics, such
as demographic backgrounds; personal motivations to
engage in health preservation behaviours; and type of
and trust in health-related information, also play an impor-
tant role.:

(Urala, 2005)

g RY 000; Childs & Poryzees,
over, functional food users are often more educated (Ant-
tolainen et al., 2001;de Jong et al., 2004). ing

0] omp -
Hardley (2002) further suggest that individuals of older age
show different attitudes with regard to health claims and
the type of “functionality” compared to younger consum-
ers. Urala (2005) also supports that elderly consumers
put more emphasis on the results of food consumption rel-
evant to the prevention of a disease compared to younger
consumers. This fact is also supported by the study of
Bogue and Ryan (2000), according to which elderly con-
sumers pay greater attention to health claims relevant to
a decreased probability of cancer development, while youn-
ger consumers pay more attention to claims about
increased energy levels. The above often contradictory
findings suggest that there should not be a generalization
in the demographic profile of functional food consumers:
gender, age, as well as education are important factors that
affect the consumption of functional foods, but the differ-
ences between different kinds of these foods are prominent
(de Jong, Ocké, Branderhorst, & Friele, 2003). According
to Urala (2005); Dagevos (2005), consumer demographic
characteristics are only partially correlated with the accep-
tance of functional foods. Moreover, Verbeke (2005) men-
tions that consumer attitudes towards functional foods do
not depend on their socio-demographic characteristics.
Another important motive for the consumption of func-
tional foods is the preservation of good health status
(Urala, 2005) and: how much consumers perceive func-
tional foods to contribute to this aim. ﬁUropean consumers
consider food healthiness to be an important factor affect-
ing their overall nutrition choices’ (Lappalainen, Kearney,
& Gibney, 1998). The research by van Kleef, van Trijp,
and Luning (2005) shows that the relation between the
health condition of a consumer and the type of a product’s
health claim affects the intention to buy the product. Fur-
thermore, Verbeke (2005) reports that the existence of a
family member with a specific health problem affects posi-
tively the acceptance of functional foods. However, de
Jong et al., 2003 show that less than 40% of the Dutch par-
ticipants in their study consider the consumption of partic-
ular functional foods as an easy way to preserve their
health. In a follow-up piece of research, de Jong et al,
2004 found that 19% of the participants with high levels
of cholesterol used relevant drugs, another 11% of the par-
ticipants used a relevant functional food, while only 5%
combined both approaches: The above findings show that
consumer health issues do not necessarily support the con-
umption of functional foods.
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(Urala, 2005). According
to ardello (2002), information about the
health benefits of a food ce mcredse the hkehhood of 1ts
consumptlon Resultsrca T be ;

sumptlon of functional foods
Cardello, 2002) Furthermore, confidence in functional
foods and the resulting acceptance by consumers is largely
the result of consumers’ knowledge on the particular issue.
Wansink, Westgren, and Cheney (2005) demonstrate that a
person’s knowledge of the characteristics of a functional
food is not enough to stimulate consumption. The purchas-
ing likelihood of that food is proven to increase only when
the consumer combines the functional characteristics with
the consequences of their consumption. In this way, it is
proven that consequence-related : knowledge about the
functional food (e:g: the product contributes to the preser-

vation of one ealth) increases the like hh‘ od of consump-

health claims and the means by Wthh relevant information
is communicated, Urala (2005) supports the view that trust
in functional foods is affected by the type of base product
(carrier) whose attributes have been improved. Bech-Lar-
sen and Grunert (2003) agree that the type of the base
product contributes to how much the consumers perceive
the functional foods to be healthy. Moreover, van Kleef
et al., 2005 add that the potential buyers tend to trust the
health claims more when the basic carrier has a positive
overall image, as well as a “history” in health claims (e.g.
yogurt, juices, etc.).

The criteria that are related to consumer perceptions
about functional foods’ characteristics are also important.
A general concern that functional foods could be less nat-
ural compared to conventional foods emerges often in the
literature (e.g. Cox, Koster, & Russell, 2004; Frewer,
Scholderer, & Lambert, 2003). This concern is not always

unjustified: the development of functional foods usually -

demands modem technology; 'since it is mnecessary to
add, - remove - or modify’ mgredlents,j(Urdld 2005).
Although the alterations in the naturalness of functional
foods can vary according to the base product, its func-
tional attributes and their combination (Poulsen, 1999),
consumers’ reaction to the use of modern technology in
the production of functional foods has been stressed in
the literature. For mstdnce Jonas dnd Beckmann (1998)
showed that th ;

pporte the
view that the perceived naturalness of a functional food
can vary across cultures For example, de Jong et a

ea ruit ]méé (Tuorﬂd &

sum tion ch01ce (Tuonld & Cdrdello 2002) Even if the
increase in the “functionality” of a food does not affect
its organoleptic attributes, the enhancement of foods with
bioactive or natural ingredients can still result in saltiness,
bitterness, or sourness (Verbeke, 2006). Consumers have
early expressed particular discomfort about the mediocre
taste of functional foods (e.g. Jonas & Beckmann, 1998).
Later surveys (e.g. Tuorila & Cardello, 2002) also mention
that the off-flavour severity of a functional product
decreases the consumption probability of the product, in
spite of any persuasive claims about the advantages of its
consumption. It is therefore obvious that functional foods
must not be perceived as inferior in taste when compared
with their conventional counterparts.

3. Methodology
3.1. Research aims

The present study employs the MEC analysis methodol- -
ogy on. & homogeneous ‘group: of consumers m ‘terms: of ;

younger age) with the followmg aims:

(d) To identify-the most frequently purchased functional
food products;

(b) To deﬁne the most important attributes of functional:
foods;

(c) To gain insights into consumers’ functional food:
related buying motives; and

(d) To model consumers’ functional food selection-rele
vant cognitive structures, i.e. the way that functlondl
food’consumption-relevant knowledge is stored-and
organized in consumers’ memoties. 7

Presenting a clear image of the functional food market
in Greece is beyond the scope of this study; the identifica-
tion, however, of some frequently purchased functional
food types and their most important attributes through
aims (a) and (b) will offer a valuable insight into functional
food preferences. Regarding aims (c) and (d), the main cri-
teria for evaluating the usefulness of their outcomes will be
to- what extent users of the results feel that they have
achieved a better understanding of consumers that gives
them inspiration and helps them make better business deci-
sions. In parallel with the above-described aims, the study
will further attempt to offer an indication about the degree
of functional market fragmentation. Therefore, the sample
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will be divided in two separate groups with very “thin” dif-
ferences in their profiles (i.e. well-educated young adults
and the well-educated early-middle-aged) in order for the
functional attributes’ importance, purchasing motives and
overall cognitive structures to be identified for each group.

To achieve its objectives, the present study uses a homo-
.geneous sample of consumers who are at least university
graduates, aged between 25 and 44 years, and responsible

- for food buying in their household. This sample is divided
in two analogous age groups: the 25-34 age group (young
adults) and the 35-44 age group (early-middle-aged). The
need for sample homogeneity is imposed by the nature of
the MEC analysis methodology. For instance, Grunert
and Grunert (1995) suggest that only when ladders are
obtained from a group of homogeneous respondents, they
together will yield an estimate of this group’s cognitive
structure with predictive validity. Moreover, Vannoppen,
Verbeke, Van Huylenbroeck, and Viaene, 2001 add that
criteria for sample inclusion in a laddering study should
include to what extent respondents are able and prepared
to “speak out” and whether they know the product under
examination and its market channels well.

To achieve aims (a) and (b), an exploratory research
phase is undertaken first. The results of this study supple-
ment the main MEC phase of the research to achieve aims
(c) and (d).

3.2. Exploratory phase

In order to achieve objectives (a) and (b), an exploratory
phase with a homogeneous sample of n = 60 consumers (30
for the n; = young adults, 25-34 years old group and
n, = the early-middle-aged, 35-44 years old group) is exe-
cuted first. The requirements for participation in the sam-
ple were a person’s high educational level (university
graduate or higher) and suitable age (columns 1 and 2,
Table 1). S/he also had to have purchased a functional
product during the month prior to the implementation of
the pilot study (January 2006). Furthermore, the informant
should actively participate in the food buying decision of
the household. The recruitment was organised by a private
agency. Based on the criteria described above, potential
respondents have been selected among the agency’s data
base in the areas of central, south-east and south-west Ath-
ens. Trained personnel visited respondents who agreed to
participate at their place at day and time arranged through
prior telephone communication at the participants’ conve-
nience. During these visits, the participants filled in a short
questionnaire during a personal interview that lasted no
more than 10 min.

The questionnaire first included a Iist of 18 of the most
important functional food brand names in the Greek mar-
ket from the following food categories: dairy products,
spreads, fruit juices, snack and bakery products and eggs.
The participants were asked to indicate the brands usually
consumed in their household. The second section of the
questionnaire included a master list of 58 functional food

Table 1
Socio-demographic profile of the samples (pilot 7= 60 and main sample
N=40),%

Pilot study  Pilot study ~ Main study Main study
25-34 years 35-44 years 25-34 years 35-44 years
(;=30)  (m=30) (N =20) (N;=20)
Gender
Male 50 36.7 50 30
Female 50 63.3 50 70
Educational level
University 30 0 15 0
student
University —
Polytechnic
graduate 533 80 55 75
Postgraduate/  17.7 20 30 25
Ph.D.
Marital status
Single 80 83.3 75 20 -
Married 20 16.7 25 80
Age (mean) 297 40.9 30.3 41.0

attributes, covering seven concrete and abstract categories
of a hypothetical functional product’s marketing mix: (per-
ceived) quality attributes; appearance and package attri-
butes; functionality-retated attributes; hedonic attributes;
and label, price and brand name attributes. This master list
has been developed based on the literature described in pre-
vious sections, but also on past MEC applications on var-
ious types of foods (e.g. wine, vegetable oils, and organic
food) (Table 2). The participants were asked to evaluate
each attribute on a five-point Likert-type importance scale
with end-points 1: “not important at all” to 5: “very impor-
tant”. The attributes scoring 4 and 5 on the 1-5 scale by at
least two-thirds of the participants were selected to create a
shortlist of attributes per age group that were shown for
subsequent evaluation to the participants of the MEC
study (see following section).

3.3. Application of the MEC analysis phase

The implementation of the MEC analysis in examining
consumer perceptions about functional foods is not unseen
in the relevant literature (e.g. Jonas & Beckmann, 1998;
Morris, McCarthy, & Reilly, 2004; Urala & Lihteenmiki,
2003). For implementing the MEC phase in the present
case, 4 homogeneous sample of N = 40 consumers is used
(young adults N, = 20, 25-34 years old group and early-
middle-aged N, =20, 35-44 years old group). The require-
ments for participation to the MEC sample are similar to
the exploratory study (university degree or higher, suitable
age, purchasing of 4 functional product during the month
prior to the implementation of the MEC study (March
2006), and active participation to household food buying
decisions). The recruitment was organised by a private
agency. Potential respondents have been approached by
trained personnel during their purchases in three outlets
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Table 2
Source of food attributes selected for inclusion in the pilot attribute master [ist
Authors Attributes chosen for the pilot questionnaire

Label information: Country of origin Functional attributes: Removed dangerous ingredients

Brand name attributes: Familiarity with the brand Functional attributes: Better digestion, enforces body defence
(Perceived) Quality attributes: Pure product Label information: Health claims and functionality Functional
attributes: Strong bones, vitamin C :

{Perceived) Quality attributes: Safe food, healthy food, natural product Appearance — package: Package size,
practical size Organoleptic attributes: Nice taste Functional attributes: Added functional ingredients (e.g.
vitamins fibre, calcium Price: Price

Label information: Quality assurance (e.g. ISO/HACCP), best before date, packaging date Price: Value for

Padel and Foster (2005)
Sorenson and Bogue (2005)
Morris et al. (2004)

Urala and Lihteenmiki (2003)

Krystallis and Ness (2003), Fotopoulos

et al., 2003)
Jonas and Beckmann (1998)
Bech-Larsen, Nielsen, Grunert and
Sorensen (1996)

money

Functional attributes: Antioxidant ingredients, calcium, high fibre food, keep cholesterol level low
(Perceived) Quality attributes: Economical in use Appearance — package: Environmentally sound package, nice
package Organoleptic attributes: Specific (strong, neutral, poor) colour and odour, nice taste

of a major food retail chain in central, south-east and
south-west Athens, respectively. Subjects who had pur-
chased any type of functional food were questioned about
their willingness to participate in the MEC phase. Among
them, final participants have been selected based on the
criteria discussed previously. The laddering interview took
place at participants’ place, at day and time arranged by
them through telephone communication with the agency,
in order to make the participants feel comfortable and
to induce a positive mood conducive to open communica-
tion during the interview. The socio-demographic profile
of the MEC sample can be seen in columns 3 and 4 of
Table 1.

The laddering interview process began with a small
introduction: the interviewee was informed about the pur-
pose of the interview, whilst to ensure common under-
standing of the term ‘““functional” a reference was made
to the functional food definition by Margaret (2002)
described in the beginning of the present paper. Next, the
consequences and values elicitation phase began. In the
first step, the interviewee was asked to consider the event
of buying a functional food. In this respect, the corre-
sponding to a participant’s age functional food type as
identified in the exploratory phase was mentioned by the
interviewer as an exemplary functional product to facilitate
the participant’s cognition retrieval process. Then, the
interviewee was handed the shortlist with the most impor-
tant functional food attributes that correspond to his/her
age group, as determined by the exploratory phase. After
that, s/he was asked to evaluate each attribute in terms
of its importance when buying a functional food on the
same importance scale as in the exploratory phase. In a
final step, the attributes deemed most important by the
interviewee were used as laddering starting points.

Based on these attributes and after the question “why is
this important to you” being repeatedly asked by the inter-
viewer, each interviewee was called to subconsciously con-
nect product attributes with consequences and/or his/hers
personal values. The time necessary for the completion of
the task varied between 40 and 60 min, according to the
ability of the interviewee to express him/herself and his/

hers conscious involvement in the functional food purchas-
ing process.

4. Analysis and results
4.1. Analysis and results of the exploratory phase

As mentioned before, identification of the most fre-
quently purchased functional food products was based on
a list of 18 of the most well-known brand names in the
Greek market. The first group of young adults showed a
clear preference for a functional orange juice brand (with
enhanced vitamin content). The early-middle-aged con-
sumers, however, clearly preferred three functional marga-
rine brands (all with reduced cholesterol risk).

The most important functional food attributes accord-
ing to the results of the exploratory phase are presented
in columns 1 and 2 of Table 3. Overall, the particularly
important attributes appointed (scoring 4 or 5 by at least
two-thirds of the pilot sample) belong to the categories
label information, brand name, (perceived) quality and,
mainly, functionality. It should be mentioned that there
was a general agreement trend between the two age groups
in terms of the importance assigned to most of the attri-
butes examined (26 for the young adults and 33 for the
early-middle-aged group), with some notable exceptions
found in the functionality-related attribute category. How-
ever, given the importance of the functionality attributes
for the present survey, the complete category was included
in both age groups irrespective of the importance assigned
to each functionality attribute during the exploratory
phase. The total number of attributes to be evaluated
was thus increased to 37 for the young adults (26 important
from the exploratory phase plus 11 functionality attributes)
and 40 for the early-middle-aged (33 important from the
exploratory phase plus 7 functionality attributes).

4.2. Means-end chain analysis and results

As explained above, a list of 37 attributes was presented
to the young adult group, whereas the same list with 3
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Table 3
Master list of important attributes for the pilot study (cofumns 1 and 2) and resulting short list of important attributes for the main study (cofumns 3 and

4)

Attributes® Pilot study 25-34 Pilot study 35-44 Main study 25-34 Main study 35-44
years (n; = 30) years (np = 30) (%o) years (N} = 20) (%) years (N2 = 20) (%)
Perceived quality attributes
1. Pure product 90° 96.7 20° 45
2. Safe food 933 100 20 15
3. Trust in brand name 30 83.3 60 45
4. Bconomical in use 56.7 56.7 - -
5. Quality product 96.7 96.7 15 40
6. Part of daily nutrition 76.7 76.7 15 20
7. Healthy product 96.7 100 60 50
8. High technology product 233 50 - -
9. Natural product 80 96.7 40 15
Appearance — package
10. Package size 20 233 - -
11. Environmental friendly package 50 60 - -
12. Nice package 433 333 - -
13. Practical package 86.7 70 35 10
14. Different package than the conventional product 16.7 20 - -
15. Aluminum can package 33 233 - -
16. Package made of glass 16.7 333 - -
17. Plastic package 33 20 - -
18. Paper package 133 26.7 - ~
Organoleptic attributes
19. Strong aroma 33 133 - : -
20. Neutral aroma 10 20 - -
21. Light aroma 36.7 23.3 - -
22. Nice taste 90 90 70 40
23. Neutral taste 13.3 10 - -
24, Specific texture 26.7 40 - -
25. Specific colour 133 20 - -
Label attributes
26. Information about health/functionality claims 80 86.7 20 15
27. Nutritional value 86.7 86.7 15 20
28. Quality assurance (e.g. ISO/HACCP) 83.3 90 15 20
29, Best before date 100 100 5 70
30. Packaging date 100 80 25 15
31. Country of origin 56.7 86.7 - 60
Functionality attributes
32. Antioxidant ingredients 433 63.3 5 15
33. Removed dangerous ingredients 86.7 86.7 5 15
34, Fortified ingredients 56.7 63.3 0 0
35. Added calcium 70 80 5 15
36. Added vitamins and minerals 86.7 63.3 45 15
37. Added fibre 53.3 80 10 15
38. Added phosphor 56.7 60 0 0
39. Added functional ingredients 40 433 0 0
40. Low cholesterol level 433 86.7 15 55
41. Low saturated faftty acids content 40 70 0 30
42. Necessary for personal well being 733 833 5 15
43, Enforces body defense 90 96.7 40 55
44, Reduces cardiovascular disease risk 63.3 833 5 60
45. Provides more energy 80 70 55 IS
46. Provides proved health claims 90 90 15 20
47, Contains probiotics 333 60 5 15
48. Contributes to digestion improvement 60 86.7 0 40
49. Contributes to vision improvement 40 53.3 0 5
50. Contributes to good physical condition 93.3 96.7 20 60
51. Contributes to osteoporosis prevention 76.7 86.7 10 40
Price
52. Value for money 100 93.3 50 15
53. Same price with conventional products 60 73.3 - 5
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Table 3 (continued)

531

Attributes® Pilot study 25-34 Pilot study 3544 Main study 25-34 Main study 35-44
years (n; = 30) years (n; = 30) (%) years (N, = 20) (%) years (N, = 20) (%)

54. Price higher than the conventional product 26.7 56.7 - -

55. Price lower than the conventional product 63.3 70 - 0

Brand name attributes

56. Promotion campaign 36.7 433 - -

57. Known producing company 76.7 76.7 20 15

58. Familiarity with the brand name 80 76.7 15 20

# Importance scale: 1 = “not important at all” to 5 = “very important”.

b Attributes deemed important when a score 4 or 5 is given by at least 66.7% of the sample in the pilot study.
¢ Atributes deemed important when a score 4 or 5 is given by at least one of the participants (5%) in the main study.

additional attributes was presented to the early-middle-age
group. The 3 additional attributes were “country-of-ori-
gin”, “same price as conventional products” and “lower
price than conventional products”. Consumers of both
age groups were thus asked to evaluate those attributes
in terms of their importance when buying a functional food
in general, whereas a functional fruit juice and a functional
spread were offered (to the young adult and early-middle-
aged groups, respectively) as examples to facilitate consum-
ers’ cognition retrieval process. The most important attri-
butes were finally used as starting points of the laddering
interview per respondent.

The answers given during the interviews by the 40 con-
sumers of both groups were then coded: answers of the
same meaning were categorized into common categories
of attributes, consequences and values (A-C-Vs). In this
way, a group of codes was created per abstraction level
A-C-V that embodied all the information elicited from
the participants. Overall, 18 consequence codes and 8 value
codes were elicited from the young adult group, while
exactly the same codes were used for coding the conse-
quences and values emerged from the early-middle-aged
group, with the addition of one extra value code. The cod-
ing process was based on corresponding codes of past func-
tional and other food-related MEC studies, as described in
Table 4. In total, the average number of codes elicited per
consumer was approximately 43 for the young adults,
forming 9.2 ladders on average. On the contrary, more
codes were elicited form the early-middle-aged (approxi-
mately 48 per consumer), also forming more ladders on
average (10.6 per consumer).

After coding, the analysis continued with the use of the
MEC Analyst software, which provides an interactive sys-
tem of data importation where multiple A-C-V ladders per
participant are inserted in the form of relevant codes. After
every ladder is input and the classification of codes is com-
pleted, data analysis is.conducted for the creation of a tree
diagram (Hierarchical Value Map, HVM) where the cogni-
tive structures referring to functional foods are illustrated
for each age group. Initially, MEC Analyst constructed
an aggregate Implication Matrix. The Implication Matrix
represents all the links between the A-C-V constructs which
emerged from the interviews by demonstrating how many

times they were brought about in the laddering interviews.
The number of relations which emerged between two ele-
ments shows the strength of the particular connection.
For the creation of the HVM the links from the Implica-
tion Matrix that are to be mapped should be defined.
For this reason, every relation is compared to a cut-off
level. In the present case, the chosen cut-off level is five,
meaning that a certain connection appears in the HVM if
it is mentioned once or more times by at least five partici-
pants (25% of each age group N,and N,) during the ladder-
ing interviews.

The last stage of the analysis was the drawing of the
HVM. The HVM of the young adult group represents
68% of the direct links reported by at least 5 persons in
the Implication Matrix, while the HVM of the early-mid-
dle-aged group presents 76% of the relevant links (Figs. 1
and 2). The main A-C-V links of the two HVMs are pre-
sented in Table 5.

5. Discussion

5.1. Functional food products and important product
attributes

As mentioned previously, the results of the exploratory
phase show that young adult consumers have a clear pref-
erence in the functional fruit juice category (a brand of fruit
juice enhanced with vitamins). Moreover, there is a great
difference in preference between the first product and those
which follow. The second (older) group shows more bal-
anced results in relation to its most preferred functional
food brands. However, the clear preference in three func-
tional spreads (substitute brands of spread with decreased
cholesterol risk) highlights the specific functional food cat-
egory as the favourite of this age group. Thus it seems that
a small variation in consumers’ socio-demographic profile
(e.g. 10 years of age on average) is enough to direct their
preferences towards different types of functional food and
functionality-related benefits, indicating the possibility of
fragmentation in the functional food market.

Despite their preferences in different functional food
products, however, the two age groups share certain find-
ings in relation to the most important attributes of func-
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: 4
of consequences — values codes eficited
25-34 years age group 35-44 years age group Literature examples

per age group of the main sample (N = 40) and relative literature examples

:s
(N =20) (N, =20)
sequences
:tional
ody needs <5 <5% 1. Body needs (Urala & Lihteenmaki, 2003)
asy to choose-use 9 <5 2. Rasy to buy/use (Jonas & Beckmann, 1998)
ating-tiving healthy 18 20 3. Eating healthy (Padel & Foster, 2005)
hysical appearance <5 <5 4. Physical appearance (Morris et al., 2004)
'hysical health 20 13 5. Physical well-being (Jonas & Beckmann, 1998)
mprovement
*roduct choice - <5 11 6. Will buy/use (Jonas & Beckmann, 1998)
:onsumption
3ones’ health promotion <5 8
Jealth promotion 20 20 . Promotes health (Urala & Lihteenmiki, 2003)
vchological
Eating enjoyment 14 14 9. Fating enjoyment (Mofris et al., 2004)
Economic efficiency 14 <5 10. Monetary considerations (Morris et al., 2004)
. Feeling good 19 17 11. Feel good (Padel & Foster, 2005)
. Performance 17 15 12, Tmproved performance (Urala & Liihteenmiki, 2003)
improvement
_Knows what to get <5 <5 13. Knows what to get (price-quality) (Urala & Lihteenmiki,
(price/quality) 2003)
. Need — desire satisfaction 19 <5
;. Quality of life <5 <5 15. Quality of life (Krystallis & Ness, 2003)
3, Socialization 6 - 16. Socialize (Gutman, 1982)
7. Time saving 9 <5 17. Time saving (Jonas & Beckmann, 1998)
3. Trust 14 16 18. Trust (Morris et al., 2004)
“alues
astrumental
9. Tradition ° - <5 19. Tradition (Schwartz, 1992)
“erminal
'0. Belonging 6 <5 20. Belonging (Gutman, 1982; Kable et al., 1986)
11. Good health and long life <5 <5 1. Good health and long life (Jonas & Beckmann, 1998)
12. Inner harmony 6 11 22. Inner harmony (Zanoli & Naspetti, 2001)
23. Hedonism 13 14 23. Pleasure (Krystallis & Ness, 2003; Fotopoulos et al., 2003)
" Hedonism (Schwartz, 1992)
24. Psychological <5 9 24. Psychological satisfaction (Krystallis & Ness, 2003)
satisfaction
25. Security 10 16 25. Security (Schwartz, 1992)
26. Self confidence 19 <5 26. Self-esteem (Gutman, 1982), Achievement (Schwartz, 1992)
27. Self fulfilment <5 <5 27. Self fulfilment (Zanoli & Naspetti, 2001)
a Number of times a benefit/value is mentioned at least once per respondent, cut-off level = 5.
35-44 age

b Ppgychological consequence «socialization” is a code of only the 25-34 age group and instrumental value “tradition” is a code of onty the

group.

tional foods that affect their purchasing decisions. More The significance of these four attribute categories high-

specifically, the exploratory phase shows that both groups lights the fact that functional foods remain foods, even if
consider extremely important for the functional foods’  they are perceived as a special food category. Consumers
buying choice a number of perceived quality-related attri-  should be certain about functional food quality and have
butes (see Table 3, cotumans 1 and 2), such as, indicatively, at their disposal all the relevant information to evaluate
the product being “pure”, “‘safe”, “healthy” and of a high  the product before they proceed to the evaluation of its

“quality”. The two groups also attach great importance to functional benefit, which is complementary to the product’s
label information-related attributes, such as the “pest  expectedly high quality. However, this line of argumenia-
before” and “packaging” dates, and the type of “health/  tionisnot justified in the case of the appearance - package
» “quality assurances” and ‘“nutri- and the organoleptic attribute categories, where the only

functionality claims”,
tional value”. The same is the case for price attributes  attributes that are deemed important to the consumers of

(e.g. “value for money”) and brand name attributes (e.g. both groups concern the “practical package” and the “nice

“familiarity with the brand”). taste”. This is possibly the case because the attribute mas-
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Fig. 1. Hierarchical Value Map of Functional Food Consumers of 25-34 years of age (cut-off level: 5, N = 20).

terlist refers generally to functional foods and not to cer-
tain products, thus downplaying the importance of more
“subjective” product characteristics, such as organoleptic
attributes, in the absence of a concrete buying example.
Nevertheless, the greatest interest of the exploratory results
lies in the category of functionality-related attributes,
where both groups share a substantial interest in some gen-
eral attributes, such as the “enforcement of body defence”,
the “contribution to good physical condition”, the “provi-
sion of proved health claims” and the “removal of danger-
ous food ingredients™.

Regarding differences between the two exploratory age
groups, the “country of origin® and the “price same/lower
than the conventional product™ are recorded as important
attributes only for the young adult group. However, the
greatest differences between the two age groups in per-
ceived importance are encountered in the functionality-
related attribute category, where the early-middle-aged
consumers underline the importance of overall more attri-
butes than the younger consumers (13 vs. 9 functionality
attributes, respectively). Thus, apart from 8 functionality
attributes that are important for both groups, the young
adults consider the “added vitamins and minerals” an
important functional food attribute. On the contrary, the

early-middle-aged assign importance to 5 additional attri-
butes, such as “low cholesterol level”, “contribution to
digestion improvement”, “reduced cardiovascular disease
risk”, and “low saturated fatty acid content”. Overall, the
observation that the young adults are more interested in
energy enhancement attributes, such as added vitamins
and minerals, while the early-middle-aged emphasize more
on disease prevention attributes, such as lower cholesterol
and cardiovascular diseases risk reduction is among the
most important of this research. It should also be men-
tioned that the results of the exploratory phase indicate
that consumers are not willing to sacrifice taste or conve-
nience, to risk in trusting unknown brands or to spend
more money in order to purchase foods with functional
characteristics.

Finally, it is worth comparing the number and type of
attributes that are deemed important by the exploratory
sample (n = 60) as opposed to the MEC sample (N = 40),
given that both samples are directly comparable in terms
of their socio-demographic profiles (columns 1-2 vs. col-
umns 34, Table 3). Taken as a whole, it is clear that the
20 attributes important for more than 25% of the main
sample (5 attributes commonly important for both age
groups plus 6 attributes important for the young adults
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Fig. 2. Hierarchical Value Map of Functional Food Consumers of 35-44 years of age (cut-off level: 5, N = 20).

and 9 attributes important for the early-middle-aged) cor-
respond to a great extent to the results for the same attri-
butes from the exploratory phase. This trend is especially
evident in the functionality-related attribute category,
where 9 out of 14 attributes important for the exploratory
phase are also important for the MEC study.

However, there are also a number of attributes for
which the results between the two phases of the research
diverge (usually attributes important for the exploratory
sample but not for the MEC sample), mainly in relation
to the category label information (health claims, quality
assurance), perceived quality (safe, natural product) and
brand name (known company, familiar brand name). This
finding is possibly due to the fact that consumers in the
MEC phase have been advised to keep in mind a specific
functional food product per age group (fruit juice and
spread, respectively) when responding to the laddering
interviews, whereas this was not the case for the explor-
atory phase. It is thus justified that the type of base product
(carrier) whose attributes have been improved plays a
major role in consumers’ evaluations of a functional prod-
uct, as suggested in the literature (Bech-Larsen & Grunert,
2003; Urala, 2005; van Kleef et al.,, 2005), mostly with
respect to attributes expected from any quality food
product.

5.2. Consumer motives and cognitive structures related to
Sfunctional foods .

In order to obtain insights in relation to the functional
food-related buying motives of consumers and the way that
functional food consumption-relevant knowledge is stored
and organized in consumers’ cognition, the discussion fur-
ther focuses on the main outcome of the study: the HVMs
of the two age groups of the main sample. Eleven attributes
are seen on the HVM of the young adults (attributes
deemed important by at least 5 respondents or 25% on
N1). These attributes are divided into 5 concrete and 6
abstract attributes. In the Hierarchical Value Map of the
early-middle-aged, 14 attributes are present (again, attri-
butes deemed important by at least 5 respondents, or
25% on N,), most of which (10) are abstract,

Based on the number of links represented, the most
important cognitive construct of the HVM in the young
adult age group consists of elements that together form
the area of consumers’ concern about the enhancement of
their health status (109 direct links in total or 54.5% of the
links appearing in the HVM above cut-off level, see Tables
4 and 5 and Fig. 1). This area is built around a number of
health promotion-related benefits from the consumption
of a functional food, such as “‘health promotion”, “physical
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Table 5

Links of attributes — consequences — values of the hierarchical value maps mentioned by more than 10 respondents of each age group of the main

sample(V; = 20 and N, = 20)

Connection Cognitive area of
frequency® (%) each connection
Main links of 25-34 years age group
1. Attribute “Best hefore date” is connected with consequence “Eating—living healthy” 10/109 (9.1) Health enhancement
2. Consequence “Eating-living healthy” is connected with consequence “Health promotion” 16/109 (14.6) Health enhancement
3. Consequence “Health promotion” is connected with consequence “Fee! good” 11/109 (10.0) Health enhancement
4. Consequence “Need — desire satisfaction” is connected with value “Self confidence” 14/149 (9.3) Health enhancement,
Economic efficiency,
Practicality
5. Consequence “Economic efficiency” is connected with consequence “Need — desire satisfaction” 13/20 (65) Economic efficiency
6. Attribute “Nice taste” is connected with consequence “Eating enjoyment” 10/18 (55.5) Eating hedonism

Main links of 35-44 years age group

1. Attribute “Enforces body defence” is connected with consequence ““Health promotion” 10/143 (6.9) Health risk prevention
2. Attribute “Reduces cardiovascular diseases risk” is connected with consequence ““Health promotion” 12/143 (8.3) Health risk prevention
3. Consequence “Eating — living healthy” is connected with consequence “Physical health improvement” 16/143 (11.1) Health risk prevention
4. Consequence “Health promotion” is connected with consequence “Performance improvement” 14/143 (9.7) Health risk prevention
5. Consequence “Health promotion” is connected with consequence “Feeling good” 10/143 (6.9) Health risk prevention
6. Consequence “Feeling good” is connected with value “Pleasure” 13/170 (7.6) Health risk prevention,

7. Consequence “Eating enjoyment” is connected with consequence “Feeling good” 13/27 (48.1)

8. Attribute “Country of origin” is connected with consequence “Trust”
9.Consequence “Trust” is connected with value ““Security”

Eating enjoyment

Eating enjoyment
11/31 (35.4) Trust
15 (48.3) Trust

* Connection expressed as a number per total number of connections (%) in the relevant cognitive area.

health improvement”, and ‘“eating-living healthy”. The
consumers between 25 and 34 years of age thus take advan-
tage of a variety of product attributes including functional-
ity-related attributes (“provides more energy”, “added
vitamins and minerals” and “enforces body defence”),
health-related perceived quality attributes (“natural”,
“healthy” product) and health-related label information
attributes (“packaging date”, “best before date”} in the pur-
suit of their health status promotion. The satisfaction of the
particular need drives the “feel-good” psychological conse-
quence. This is a key knob in young adults’ cognition, since
it relates their preference for health-related food attributes —
including functionality — with central personality constructs
of higher abstraction, such as the values of “inner har-
mony” (directly), “belonging” (through the “socialisation”
psychological consequence) and “self confidence” (through
“performance improvement” and “need — desire satisfac-
tion” psychological consequences).

Apart from the health-related cognitive construct, the
HVM of the 25-34 age group includes additional con-
structs of lesser importance. For instance, the area of eating
hedonism (18 direct connections overall or 9% of the links
appearing in the HVM above cut-off level) is centred on
the benefit of “eating enjoyment” that results from the con-
sumption of a food with a “nice taste” and it is the result of
consumers’ pursuit of “pleasure”. The cognitive structure
of the younger consumers is completed with the constructs
of trust (19 direct links or 9.5% of the links appearing in the
HVM above cut-off level): a trusted brand name creates
trust that satisfies the pursuit of security; economic effi-
ciency (20 direct connections or 10% of the links appeating
in the HVM above cut-off level): a value for money-priced

product translates into economic efficiency that fulfils
needs and desires, a fact that in turn leads to self-confi-
dence; and practicality (20 direct connections or 10% of
the links appearing in the HVM above cut-off level): a prac-
tically packaged product means an easy to choose/use
product that leads to time saving, a fact that in turn fulfils
needs and desires and creates self-confidence.

The most important cognitive construct of the early-
middle-aged HVM consists of the area of consumers’ con-
cern about the prevention of risks threatening their health
status(143 direct links in total or 66.8% of the links appear-
ing in the HVM above cut-off level, see Tables 4 and 5 and
Fig. 2). This area is built around the same central health
promotion-related benefits from the consumption of a
functional food found in the 25-34 age group, meaning
“health promotion”, “physical health improvement”, and
“eating-living healthy”, with the addition of the “bones’
health promotion” benefit. The consumers between 35
and 44 years of age also take advantage of a variety of
product attributes, which include functionality attributes
related to health risk prevention (“low saturated fatty acids
content”, “contribution to osteoporosis prevention”,
“body defence enforcement”, “cardiovascular diseases’ risk
reduction”, “low cholesterol level”, and “contribution to
good physical condition”). A number of health-related per-
ceived quality attributes (“pure”, ‘‘healthy”, “quality”
product), and health-related label information attributes
(“best before date”) in the pursuit of their health status
maintenance are also included. In this respect, the direct
link between the “cardiovascular diseases risk reduction”
attribute and the “health promotion” benefit is among
the most powerful links of the whole cognitive structure.
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The satisfaction of this particular need drives both the
“fecling good” and - mainly — the “improved perfor-
mance” psychological benefits, forming the core link of
the early-middle-aged consumers’ cognition. This link
relates consumers’ preference for health-related food
attributes — including functionality — with personality con-
structs of higher abstraction, such as the values of “plea-
sure”, “inner harmony” and “psychological satisfaction”.

Apart from the health-related cognitive construct, the
HVM of the early-middle-aged includes additional con-
structs of lesser importance, as was the case with the young
adults. Thus, the area of eating hedonism (27 direct connec-
tions overall or 12.6% of the links appearing in the HVM
above cut-off level) is again present, this time centred
around the link between the “eating enjoyment™ and “feel-
ing good” benefits that result from the consumption of a
food with both a “nice taste” and that “improves diges-
tion”. The overall cognitive construct is still driven by the
pursuit of “pleasure” values. The cognitive structure of
the early-middle-aged is completed with the clear-cut con-
struct of trust (31 direct links or 14.4% of the links appear-
ing in the HVM above cut-off level): choice of a trusted
functional brand name, but mainly of a functional food
product with known country of origin, creates trust that
satisfies the need for feeling secure.

From the above it is clear that, through functional
foods, the consumers of both age groups try to satisfy
mainly the need for improvement or preservation of their
health status, thus seeking quite similar benefits from the
consumption of these products. But the fact that these ben-
efits steam from the selection of quite different functional-
ity attributes indicates that the consumers of both groups
may perceive functional foods® ideal marketing mix differ-
ently. Highly educated young adults and early-middle-aged
consumers appear to pay attention to different marketing
elements, but which lead to analogous results in terms of
consumers’ health improvement or preservation. At the
same time, young adult consumers seem to rely on attri-
butes more typical to “common” food products (e.g. prac-
tical use, fair price, nice taste, high perceived quality
guaranteed through a trusted brand name). The early-mid-
dle-aged consumers, on the other hand, rather perceive a
functional food product more like a combination of food
and medicine. Nevertheless, the consumers of both age
groups do not appear willing to compromise taste and
overall eating enjoyment for the health benefit of func-
tional foods, irrespective of its type (enhancement or main-
tenance), whereas the demand for a trustworthy functional
food production process also remains strong.

The results of the research are also in agreement with
previous studies on functional food purchasing motives.
For instance, Bhaskaran and Hardley (2002) maintain that
the health-related characteristics of functional foods do not
affect to a great extent the younger ages that pay more
attention to attributes such as taste and price. The older
ages explain their purchasing intentions mainly from the
disease prevention point of view. Furthermore, Bogue

and Ryan (2000) showed that older consumers are more
interested in health claims about a decrease in the possibil-
ity of a disease, while younger consumers are more inter-
ested in claims about an increase in energy levels.

6. Conclusions — Managerial implications

The present study employs the MEC analysis methodol-
ogy to identify the most frequently purchased functional
foods for a homogeneous consumer sample, define the
most important functional food attributes that affect pur-
chasing decisions and explore the degree of functional food
market fragmentation through the identification of poten-
tial differences in functional attributes’ importance
assigned by the same consumers when examined in two
separate age groups (young adults and the early-middle-
aged). The study further aims at obtaining insights into
the functional food-related buying motives of consumers.
The final objective of the study is to design a MEC hierar-
chy of consumption-relevant cognitive structures and
explain functional food-related purchasing behaviour by
specifying how parts of the cognitive structure will be
retrieved and used to guide behaviour.

Consumers are difficult to differentiate on the basis of
age using only on the criterion of importance assigned to
various functional food attributes, since their evaluation
presents too many similarities between the two age groups
examined. Attributes of great importance for both are
those that typically affect the choice of a “common” food
product, such as information on the label, price, conve-
nience, perceived quality characteristics and brand name.
There is even a general agreement in functionality-related
attributes that concern consumers’ overall health status.
The noticeable difference, however, lies in the fact that
the young adults are more interested in functional foods
that improve their physical condition and energy levels; a
10 years average age difference, however, appears enough
to divert consumets’ interest towards more health risk pre-
vention benefits of functional foods’ consumption, despite
the fact that those benefits are initiated by the same func-
tional attributes.

The results of MEC analysis should promote strategic
thinking by providing creative solutions in problems of
product positioning (Reynolds, Dethloff, & Westberg,
2001). Each of the HVMS orientation could be seen as a
potential product positioning strategy {Gengler & Rey-
nolds, 1995). More specificaily, HVM presents many alter-
native choices for the development of a strategic placement
like the increase/decrease in the importance of an element
on the map, the creation/deletion of a connection among
the elements, the strengthening/weakening in a connection
between a brand and an element or the creation of a new
element in the map (Reynolds et al., 2001}.

Such an occasion is clearly presented in the HVM of the
young adult group: one can observe that no functionality
attributes are connected to the “eating-living healthy”
and “health promotion” link, which is the most important

o~




link of the overall HVM {(also see Table 5). On the other
hand, two functionality attributes are weakly related to
the “physical health improvement” benefit, which in turn
is not connected to the central benefit of “health promo-
tion”. Consequently, a positioning option would be the
appearance of more functionality-related attributes in the
map that will create stronger connections to the core ben-
efits of the health enhancement cognitive area. The result
would be & strategic placement that could communicate
to young adults that ““they could promote their overall
health status (functional consequence) through the improve-
ment of their physical performance (functional consequence)
— ‘new’ link that is currently missing — by consuming foods
with improved level of vitamins and minerals than enhance
their organism’s natural defence” — an intensification of
the existing link.

At the same time, the appearance of the eating enjoy-
ment cognitive area in both HVMs is a hint for the food
industry that well-educated consumers will not accept
products that could have a positive effect on their health
but present worse organoleptic attributes compared to con-
ventional ones. Finally, the demand for fairly-priced func-
tional foods by the young adults could be an indication for
the companies in favor of development of more tailor-
made pricing policies per functional product types, target-
ing different consumer segments.

Despite the fact that the reference made by the intervie-
wee in the beginning of the laddering interviews to a rele-
vant-per-age-group functional product has been made
simply to facilitate the flow of speech during the interview,
it is possible that it stimulated the retrieval of unintended
constructs from consumers’ sub-consciousness. This may
have biased the outcome of the research to a certain extent,
since it is not absolutely clear which is the main source of
the variation appearing in the HVMs, that is the different
carrier, the truly different cognition of the two age groups,
or both. However, what has been essentially evaluated here
is the list of functional food-related attributes as emerged
from the exploratory phase, similar to a large extent for
the two age groups. Therefore, all consumers evaluated
the “same” functional product, as emerged from the
exploratory phase. It is from that point on that differences
start appearing, and not earlier: consumers in different
groups assigned importance to different functionality attri-
butes of essentially a “common” product. Nevertheless,
future research must overcome this limitation by compar-
ing the HVMs derived for two functional products by each
age group (e.g. fruit juice and spread HVMs for both
young adults and early-middle-aged). Finally, as with any
MEC study, the outcomes presented here should not be
unquestionably generalised; a wider-scale quantitative
research is needed to validate the results of the MEC
research presented here.

The success of functional foods is related to how well
they satisfy frequently complementary consumer needs.
The successful development of new functional products
should take into account the opportunities that are pre-

A. Krystallis et al { Food Quality and Preference 19 (2008) 525-538 537

sented through consumer sciences. Food manufacturers
should monitor consumer behaviour towards functional
foods in order to ensure that these products match con-
sumer needs and expectations and that their health claims
are promoted by means of honest information dissemina-
tion in an attractive way.
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London
CoVINGTON & BURLING LLP New York

San Francisco

Washington

July 11,2006

FDA Allows Third Nutrient Content Claim Notification
for Specific Omega-3 Fatty Acids Under FDAMA
Authoritative Statement Procedure

Between 2004 and 2006, companies filed three notifications with FDA regarding nutrient content
claims for the omega-3 fatty acids docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and alpha-
linolenic acid (ALA) in the labeling of conventional foods and dietary supplements.! These claims are
based upon authoritative statements by the Institute of Medicine (IOM) of the National Academy of
Sciences (NAS), and have been allowed under the notification provision established by the FDA
Modernization Act of 1997 (FDAMA). The claims are now available for any product meeting the criteria
set forth in the notifications, as described below.

1. Basis for Notifications

FDAMA amended the Federal Food, Drug, and Cosmetic Act (FDCA) to allow manufacturers
and distributors to use health claims or nutrient content claims in food and dietary supplement labeling if
such claims are based on current, published, authoritative statements from certain federal scientific
bodies, as well as from the NAS. Before such claims may be used in labeling, a notification must be
submitted to FDA demonstrating that the statement upon which the claims rely is an authoritative
statement meeting the criteria set forth in the FDAMA amendments. If FDA does not object to the
notification within 120 days, the claims are deemed authorized. The submitter and any other
manufacturer or distributor may then use the claims in accordance with the criteria set forth in the
notification. FDA can subsequently overturn the claim, but must issue a regulation or obtain a court order
to do so.

While all three notifications were based upon authoritative statements made by the IOM in its
September’ 5, 2002 report, Dietary Reference Intakes: Energy, Carbohydrate, Fiber, Fat, Fatty Acids,
Cholesterol, Protein and Amino Acids (IOM Macronutrients Report), each proposed slightly different
claims and qualifying criteria, which are summarized below.

II. ALA

Both the Three Seafood Companies Notification and the Martek Notification addressed ALA
claims, delineating criteria for “Good source,” “Excellent source,” and “More” claims.> For ALA, the
claims criteria under the Three Seafood Companies Notification are more lenient.

' The first notification was submitted on January 16, 2004, by Alaska General Seafoods, Ocean Beauty Seafoods, Inc., and
Trans-Ocean Products, Inc. (Three Seafood Companies Notification). The second was submitted on January 21, 2005, by Martek
Biosciences Corporation (Martek Notification). The third was submitted on December 9, 2005 by Ocean Nutrition Canada, Ltd.

(Ocean Nutrition Notification).

2 Under all three Notifications, established synonyms for “good source,” “excellent source,” and “more” may be used.
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A. Three Seafood Companies Notification®

The Three Seafood Companies Notification was based on a population-weighted average
adequate intake (Al) level for ALA of 1.3 g/day, and established the following claim criteria:

®  Good source is between 130 and 260 mg ALA per RACC;
= Excellent source is 260 mg or more ALA per RACC; and
* More is at least 130 mg more ALA per RACC than the reference food.

All claims must state “omega-3” before or after “ALA”, or in parentheses, such as “(an omega-
3)”. Good source and excellent source claims must be accompanied by one of the following statements:

“Contains [x] mg of ALA per serving, which is [x]% of the Daily Value for ALA (1.3 g).”

or

“Contains [x]% of the Daily Value for ALA per serving. The Daily Value for ALA is 1.3g.”

“More” claims must be accompanied by:

“Ix]% (10% or greater) more of the Daily Value of ALA per serving than [reference food]. This
product contains [x] mg ALA omega-3 per serving, which is [x]% of the Daily Value for ALA
omega-3 (1.3 g). [Reference food] contains [x] mg ALA omega-3 per serving.”

B. Martek Notification

The Martek Notification was based on an Al for ALA of 1.6 g/day, which is the AI for adult
males set forth in the IOM Macronutrients Report. The Martek Notification established the following

claim criteria:
®*  Good source is between 160 and 320 mg ALA per RACC,;
= Excellent source is 320 mg or more ALA per RACC; and
= More is at least 160 mg more ALA per RACC higher than the reference food.

It is not necessary to use the term “omega-3” in these claims. Good source and excellent source claims
must be accompanied by one of the following statements:

“Contains [x] mg of ALA per serving, which is [x] % of the 1.6g Daily Value for ALA.”

“More” claims must be accompanied by:

“Contains [x] % more of the Daily Value of ALA per serving than [reference food]. This
product contains [x] mg ALA, which is [x] % of the Daily Value for ALA (1.6 g).”

3 The Three Seafood Companies Notification was described in detail in Covington & Burling LLP’s July 28, 2004 client alert.

www.cov.com Page 2



COVINGTON & BURLING LLP

IIL DHA

Both the Three Seafood Companies Notification and the Martek Notification addressed DHA,
and both established only “excellent source” claims for this nutrient. For DHA, the claims criteria under
the Martek Notification are more lenient.

A. Three Seafood Companies Notification

The Three Seafood Companies Notification relied upon an Al for DHA of 130g/day, and required
products to contain at least 130 mg DHA per RACC - the entire Al for DHA — in order to bear “excellent
source of DHA” claims. This approach differs from FDA regulatory requirements for excellent source
claims generally, which permit such claims to be made on products containing 20% of the Daily Value
(DV), per RACC, of the nutrient for which the claim is made.

All claims must contain “omega-3” before or after DHA, or in parentheses, such as “(an omega-
3)”. The claims must be accompanied by one of the following statements:

“Contains [x] mg of DHA per serving, which is [x]% of the Daily Value for DHA (130 mg).”

or

“Contains [x]% of the Daily Value for DHA per serving. The Daily Value for DHA is 130 mg.”

B. Martek Notification

The Martek Notification established a qualifying level for “excellent source of DHA” of at least
32 mg DHA per RACC. This is based on 20% of a 160 mg/d DHA Al, and therefore follows the
traditional FDA regulatory requirement for “excellent source” claims.

All claims must contain “omega-3” before or after DHA, or in parentheses, such as “(an omega-
3)”. Excellent source claims must be accompanied by the following statement:

“Contains [x] mg of DHA per serving, which is [x] % of the 160 mg Daily Value for DHA.”

IV. EPA

Only the Three Seafood Companies Notification addressed claims for EPA alone, and established
criteria for only “excellent source of EPA” claims. As with DHA claims under this Notification,
“excellent source of EPA” claims are based upon an Al for EPA of 130g/day, and products must contain
at least 130 mg EPA per RACC — the entire Al for EPA — in order to bear these claims.

All claims must contain “omega-3” before or after EPA, or in parentheses, such as “(an omega-
3)”. The claims must be accompanied by one of the following statements:

“Contains [x] mg of EPA per serving, which is [x]% of the Daily Value for EPA (130 mg).”

or

“Contains [x]% of the Daily Value for EPA per serving. The Daily Value for EPA is 130 mg.”
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V. DHA and EPA in Combination

Only the Ocean Nutrition Canada Notification addressed claims for DHA and EPA in
combination®. That Notification established only excellent source claims for this combination, with a
qualifying level of at least 32 mg EPA and DHA combined per RACC.

All claims must contain “omega-3” before EPA and DHA. Excellent source claims, such as,
“Excellent source of Omega 3 EPA and DHA,” must be accompanied by the following statement:

“Contains [x] mg of EPA and DHA combined per serving, which is [x] % of the 160 mg Daily
Value for a combination of EPA and DHA.”

* * *
General criteria for nutrient content claims must also be satisfied when using any of the foregoing

claims. Covington & Burling LLP is happy to provide counsel on the use of these nutrient content claims
for specific omega-3 fatty acids.

This information is not intended as legal advice, which may often turn on specific facts. Readers should
seek specific legal advice before acting with regard to the subjects mentioned herein.

If you have any questions concerning the. r'rié‘f’eﬁ'al discussed in this cvklie,nt:
alert, please contact the following members of our Food & Drug practice

group: 4 S

Eugene Lambert 202.662.5422 . e1a1nbert@c0v.coln"
Jeannie Perron 202.662.5687 Iperron@cov.com

Sarah Taylor Roller 202.662.5563 ~ srollet@cov.com
Miriam Guggenheim = 202.662.5235 nlgtlggcﬁliézim@cov.00111

Covington & Burling LLP is one of the world's preeminent law firms known for handling sensitive and
important client matters. This alert is intended to bring breaking developments to our clients and other
interested colleagues in areas of interest to them. Please send an email to unsubscribe@cov.com if you
do not wish to receive future alerts.

© 2006 Covington & Burling LLP. All rights reserved.

4 Under the Three Seafood Companies Notification, where a product contains enough DHA and EPA to make individual
“excellent source” claims for each nutrient, it appears plausible to combine the claims into one statement. That is, where the
product contains 130 mg DHA and 130 mg EPA, it seems possible to make claims such as “High in DHA and EPA omega-3s”
and “Contains [x]% of the Daily Value for DHA and [x]% of the Daily Value for EPA per serving. The Daily Value for DHA
and EPA is 130 mg each.” ]
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Respecto al contenido de nutrientes
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Guidance for Industry

A Food Labeling Guide
XIV. Appendix F: Calculate the Percent Daily Value for the Appropriate Nutrients

Contains Nonbinding Recommendations

There are two sets of reference values for reporting nutrients in nutrition labeling: 1) Daily Reference Values (DRVs) and 2) Reference Daily Intakes (RDIs). These values assist consumers in
interpreting information about the amount of a nutrient that is present in a food and in comparing nutritional values of food products. DR Vs are established for adults and children four or more
years of age, as are RDIs, with the exception of protein. DRVs are provided for total fat, saturated fat, cholesterol, total carbohydrate, dietary fiber, sodium, potassium, and protein. RDIs are
provided for vitamins and minerals and for protein for children less than four years of age and for pregnant and lactating women. In order to limit consumer confusion, however, the label includes a
single term (i.e., Daily Value (DV)), to designate both the DRVs and RDIs. Specifically, the label includes the % DV, except that the % DV for protein is not required unless a protein claim is
made for the product or if the product is to be used by infants or children under four years of age. The following table lists the DVs based on a caloric intake of 2,000 calories, for adults and

children four or more years of age.

Food Component DV
Total Fat 65 grams (g)
Saturated Fat 20g
Cholesterol 300 milligrams (mg)
Sodium 2,400 mg
Potassium 3,500 mg
Total Carbohydrate 300¢g
Dietary Fiber 25g
Protein S50g
Vitamin A 5,000 International Units (IU)
Vitamin C 60 mg
Calcium 1,000 mg
Iron 18 mg
Vitamin D 400 [U
Vitamin E 301U
Vitamin K 80 micrograms pg
Thiamin 1.5 mg
Riboflavin 1.7mg
Niacin 20 mg
Vitamin Bg 2mg
Folate 400 ug
Vitamin B, 6 ug
Biotin 300 pug
Pantothenic acid 10 mg
Phosphorus 1,000 mg
Iodine 150 pug
Magnesium 400 mg
Zinc 15mg
Selenium 70 ug
Copper 2mg
Manganese 2mg
Chromium 120 pug
Molybdenum 75 ug
Chloride 3,400 mg

order to calculate the % DV, determine the ratio between the amount of the nutrient in a serving of food and the DV for the nutrient. That is, divide either the actual (unrounded) quantitative
tount or the declared (rounded) amount (see next section) by the appropriate DV. When deciding whether to use the unrounded or rounded value, consider the amount that will provide the
:atest consistency on the food label and prevent unnecessary consumer confusion. The nutrients in the table above are listed in the order in which they are required to appear on a label in
sordance with 21 CFR 101.9(c). This list includes only those nutrients for which a DRV has been established in 21 CFR 101.9(c)(9) or a RDI in 21 CFR 101 .9(c)(8)iv).
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Guidance for Industry

A Food Labeling Guide
XVI. Appendix H: Rounding the Values According to FDA Rounding Rules

Contains Nonbinding Recommendations

‘he following table provides rounding rules for declaring nutrients on the nutrition label or in labeling:

Nutrient Increment Rounding Insignificant
Amount
Calories <5 cal - express as 0 <5 cal
Calories from Fat [ <50 cal - express to nearest 5 cal increment
Calories from Saturated Fat > 50 cal - express to nearest 10 cal increment
el )
Total Fat <.5g-express as 0 <5g
Saturated Fat <5 g - express to nearest .5g increment
Trans Fat >5 g - express to nearest 1 g increment
olyunsaturated Fat
Monounsaturated Fat
“holesterol <2 mg - express as 0 <2mg

2 - 5 mg - express as "less than 5 mg"
> 5 mg - express to nearest 5 mg increment

Sodium <5 mg - express as 0 <5mg
Yotassium 5 - 140 mg - express to nearest 5 mg jncrement 8
> 140 mg - express to nearest 10 mg increment
Total Carbohydrate <.5 g - express as 0 <lg
dietary Fiber <1 g - express as "Contains less than 1 g" or "less than 1 g"
>1 g - express to nearest | g increment
ioluble and Insoluble Fiber Sugars ; <.5 g - express as 0 <S5g
iugar Alcohol <1 g - express as "Contains less than 1 g" or "less than 1 g"
Jther Carbohydrate 21 g - express to nearest 1 g increment
'rotein <.5 g - express as 0 <lg
<1 g - express as "Contains less than 1 g" or "less than 1 g" or to 1
gif.5gto<lg
>] g - express to nearest 1 g increment
Vhen declaring nutrients other than vitamins and minerals that have | express to nearest 1% DV increment <1%DV
Dlsasa %DV
"itamins & Minerals < 2% of RDI may be expressed as: <2% RDI
:xpress as % DV) (1) 2% DV if actual amount is 1% or more
(2)0 '

(3) an asterisk that refers to statement
"Contains less than 2% of the Daily

Value of this (these) nutrient(s)"

(4) for Vit A, C, calcium, iron: statement
"Not a significant source of

(listing the vitamins and minerals omitted)"

<10% of RDI - express to nearest 2% DV increment
>10% - 50% of RDI - express to nearest 5% DV increment
> 50% of RDI - express to nearest 10% DV increment

eta-Carotene <10% of RDI for vitamin A- express to nearest 2% DV increment
xpress as % DV) > 10% - 50% of RDI for vitamin A- express to nearest 5% DV
increment
> 50% of RDI for vitamin A- express to nearest 10% DV
increment

express nutrient values to the nearest 1 g increment, for amounts falling exactly halfway between two whole numbers or higher (e.g., 2.5 to 2.99 g), round up
3., 3 g). For amounts less than halfway between two whole numbers (e.g, 2.01 g to 2.49 g), round down (e.g., 2 g).

ien rounding % DV for nutrients other than vitamins and minerals, when the % DV values fall exactly halfway between two whole numbers or higher (e.g., 2.5
1.99), the values round up (e.g., 3 %). For values less than halfway between two whole numbers (e.g., 2.01 to 2.49), the values round down (e.g., 2%).
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Departiant of

Hazlth and
Huran Services

Food and Drug Administration

FDA Home Page | CFSAN Home | Search/Subject Index | Q & A | Help

CFSAN/Office of Nutrition, Labeling, and Dietary Supplements
April 2008

Guidance for Industry

A Food Labeling Guide
XII. Appendix D: Qualified Health Claims

Contains Nonbinding Recommendations

FDA will exercise enforcement discretion for qualified health claims when the claim meets all
general requirements of 21 CFR 101.14, except for the requirements that the claim meet the
significant scientific agreement standard and that the claim be made in accordance with an

authorizing regulation. Other factors that FDA will consider in exercising enforcement
discretion are listed in the following qualified health claim table.

Docket No. 1991N-
100H

10/10/2000
enforcement
discretion letter

04/03/2001
clarification letter

Note: there also is a
Jolic acid/neural
tube defect health
claim authorized by
regulation (see 21

CFR 101.79).

immediately adjacent
to and directly beneath
the claim (i.e., 0.8 mg
folic acid ...), with no
intervening material, in
the same size, typeface,
and contrast as the
claim.

Qualified Health Eligible Foods Factors for Exercising [ Claim Statements
Claims Enforcement
Discretion
0.8 mg Folic Acid | Dietary supplements | The disclaimer (ie., 0.8 mg folic acidin a
& Neural Tube containing folic acid | FDA does not endorse dietary supplement is
Birth Defects this claim...) is placed | more effective in

reducing the risk of
neural tube defects
than a lower amount
in foods in common
form. FDA does not
endorse this claim.
Public health
authorities
recommend that
women consume 0.4
mg folic acid daily
from fortified foods
or dietary
supplements or both
to reduce the risk of
neural tube defects.

B Vitamins &

Dietary supplements

The disclaimer (i.e.,

As part of a well-




Vascular Disease | containing vitamin FDA evaluated the balanced diet that is
B6, B12, and/or folic | above claim...) must be | low in saturated fat

Docket No. 1999P- | acid immediately adjacent | and cholesterol, Folic
3029 to and directly beneath | Acid, Vitamin B6
the first claim (i.e., As |and Vitamin B12
11/28/2000 part of a well-balanced | may reduce the risk
enforcement diet...) with no of vascular disease.
discretion letter intervening material FDA evaluated the
that separates the claim | above claim and
05/15/2001 from the disclaimer, found that, while it is
clarification letter and the second known that diets low
sentence must be in the | in saturated fat and
same size, type face cholesterol reduce
and contrast as the first | the risk of heart
sentence. disease and other

vascular diseases, the
Products that contain evidence in support
more than 100 percent | of the above claim is
of the Daily Value inconclusive.

(DV) of folic acid (400
micrograms), when
labeled for use by
adults and children 4 or
more years of age,
must identify the safe
upper limit of daily
intake with respect to
the DV. The folic acid
safe upper limit of
daily intake value of
1,000 micrograms (1
mg) may be included in
parentheses.

The claim does not
suggest a level of
vitamins B6, B12,
and/or folic acid as
being useful in
achieving the claimed
effect.

Dietary supplements
containing folic acid
must meet the United
States Pharmacopeia
(USP) standards for
disintegration and




dissolution, except that
if there are no
applicable USP
standards, the folate in
the dietary supplement
shall be shown to be
bioavailable under the
conditions of use stated
on the product label.

Selenium & Cancer

Docket No. 2002P-
0457

02/21/2003
enforcement
discretion letter

04/28/2003
clarification letter

Dietary supplements
containing selenium

The disclaimer (i.e.,
Some scientific
evidence suggests...) is
placed immediately
adjacent to and directly
beneath the claim (i.e.,
Selenium may reduce
the risk), with no
intervening material, in
the same size, typeface,
and contrast as the
claim itself

The supplement does
not recommend or
suggest in its labeling,
or under ordinary
conditions of use, a
daily intake exceeding
the Tolerable Upper
Intake Level
established by the
National Academy of
Sciences/Institute of
Medicine for selenium
(400 micrograms per
day).

Paragraph 101.14(d)(2)
(vii) requires that the

dietary supplement
bearing the claim meet
the nutrient content
claim definition for
high (i.e., 20% or more
of the daily value (DV)
per RACC). 20% DV
for selenium is 14
micrograms.

(1) Selenium may
reduce the risk of
certain cancers.
Some scientific
evidence suggests
that consumption of
selenium may reduce
the risk of certain
forms of cancer.
However, FDA has
determined that this
evidence is limited
and not conclusive.
or,

(2) Selenium may
produce
anticarcinogenic
effects in the body.
Some scientific
evidence suggests
that consumption of
selenium may
produce
anticarcinogenic
effects in the body.
However, FDA has
determined that this
evidence is limited
and not conclusive.




Antioxidant
Vitamins & Cancer

Docket No. 1991N-
0101

04/01/2003
enforcement
discretion letter

Dietary supplements
containing vitamin E
and/or vitamin C

The disclaimer (i.e.,
...evidence is limited
and not conclusive) is
placed immediately
adjacent to and below
the claim, with no
intervening material, in
the same size, typeface,
and contrast as the
claim itself.

The supplement does
not recommend or
suggest in its labeling,
or under ordinary
conditions of use, a
daily intake exceeding
the Tolerable Upper
Intake Levels
established by the
Institute of Medicine
for vitamin C (2000 mg
per day) or for vitamin
E (1000 mg per day).

Paragraph 101.14(d)(2)
(vii) requires that the

food bearing the claim
meet the nutrient
content claim
definition for high (i.e.,
20% or more of the
daily value (DV) per
RACC). 20% DV for
vitamin C is 12 mg;
20% DV for vitamin E
is 6 IU.

(1) Some scientific
evidence suggests
that consumption of
antioxidant vitamins
may reduce the risk
of certain forms of
cancer. However,
FDA has determined
that this evidence is
limited and not
conclusive. or,

(2) Some scientific
evidence suggests
that consumption of
antioxidant vitamins
may reduce the risk
of certain forms of
cancer. However,
FDA does not
endorse this claim
because this evidence
is limited and not
conclusive. or,

(3) FDA has
determined that
although some
scientific evidence
suggests that
consumption of
antioxidant vitamins
may reduce the risk
of certain forms of
cancer, this evidence
is limited and not
conclusive.

Phosphatidylserine
& Cognitive
Dysfunction and
Dementia

Docket No. 2002P-
0413

02/24/2003

enforcement
discretion letter

Dietary supplements
containing soy-
derived
phosphatidylserine

The disclaimer (i.e.,
Very limited and
preliminary scientific
research...) is placed
immediately adjacent
to and directly beneath
the claim (i.e.,
Phosphatidylserine
may reduce...), with no
intervening material, in
the same size, typeface,

(1) Consumption of
phosphatidylserine
may reduce the risk
of dementia in the
elderly. Very limited
and preliminary
scientific research
suggests that
phosphatidylserine
may reduce the risk
of dementia in the




05/13/2003
clarification letter

11/24/2004 updated
letter

and contrast as the
claim itself.

The claim does not
suggest a level of
phosphatidylserine as
being useful in
achieving the claimed
effect.

The soy-derived
phosphatidylserine
used is of very high

purity.

elderly. FDA
concludes that there
1s little scientific
evidence supporting
this claim. or,

(2) Consumption of
phosphatidylserine
may reduce the risk
of cognitive
dysfunction in the
elderly. Very limited
and preliminary
scientific research
suggests that
phosphatidylserine
may reduce the risk
of cognitive
dysfunction in the
elderly. FDA
concludes that there
is little scientific
evidence supporting
this claim.

Nuts & Heart
Disease

Docket No. 2002P-
0505

07/14/2003
enforcement
discretion letter

(1) Whole or chopped
nuts listed below that
are raw, blanched,
roasted, salted, and/or
lightly coated and/or
flavored; any fat or
carbohydrate added in
the coating or
flavoring must meet
the 21 CFR 101.9(f)
(1) definition of an
insignificant amount.

(2) Nut-containing
products other than
whole or chopped
nuts that contain at
least 11 g of one or
more of the nuts listed
below per RACC.,

(3) Types of nuts
eligible for this claim
are restricted to

Whole or chopped
nuts

Whole or chopped nuts
do not need to comply
with the total fat
disqualifying level in
21 CFR 101.14(a)(4).

Only walnuts do not
need to comply with
the requirement in §
101.14(e)(6) that the
food contain a
minimum of 10 percent
of the Daily Value per
RACC of vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber.

Where the claim is
used on whole or
chopped nuts, the

Scientific evidence
suggests but does not
prove that eating 1.5
ounces per day of
most nuts [such as
name of specific nut|
as part of a diet low
in saturated fat and
cholesterol may
reduce the risk of
heart disease. [See
nutrition information
for fat content.]

Note: The bracketed
phrase naming a
specific nut is
optional. The
bracketed fat content
disclosure statement
is applicable to a
claim made for
whole or chopped
nuts, but not a claim




almonds, hazelnuts,
peanuts, pecans,
some pine nuts,
pistachio nuts, and
walnuts. Types of
nuts on which the
health claim may be
based is restricted to
those nuts that were
specifically included
in the health claim
petition, but that do
not exceed 4 g
saturated fat per 50 g
of nuts.

disclosure statement
(see nutrition
information...) must be
placed immediately
adjacent to and directly
beneath the claim, with
no intervening
material, in the same
size, typeface, and
contrast as the claim
itself.

Nuts bearing the claim
must comply with the
21 CFR 101.14(a)(4)
saturated fat
disqualifying level (4 g
saturated fat per 50 g
nuts).

Nut-containing
products

Nut-containing
products bearing the
claim must comply
with all the 21 CFR
101.14(a)(4)
disqualifying levels
which are 13 g total fat,
4 g saturated fat, 60 mg
of cholesterol, and 480
mg of sodium per
RACC.

The claim applies only
to types of nuts that do
not exceed the 21 CFR
101.14(a)(4)
disqualifying nutrient
level for saturated fat
(4 g saturated fat per
50 g nuts).

Nut-containing
products bearing the
claim must comply
with the 21 CFR

made for nut-
containing products.




101.62(c)(2) definition

of a low saturated fat
Jfood and the 21 CFR
101.62(d)(2) definition

of a low cholesterol
Jood.

Nut-containing
products bearing the
claim must comply
with the 21 CFR
101.14(e)(6)
requirement that the
food contain a
minimum of 10 percent
of the Daily Value per
RACC of vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber prior to
any nutrient addition.

Walnuts & Heart
Disease

Docket No. 2002P-
029

03/09/2004
enforcement
discretion letter

Whole or chopped
walnuts

Walnuts do not need to
comply with the total
fat disqualifying level
in 21 CFR 101.14(a)
(4).

Walnuts do not need to
comply with the
requirement in §
101.14(e)(6) that the
food contain a
minimum of 10 percent
of the Daily Value per
RACC of vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber.

The disclosure
statement about total
fat content (i.e., See
nutrition information
for fat content) is
placed immediately
following the claim,
with no intervening
material, in the same

Supportive but not
conclusive research
shows that eating 1.5
ounces per day of
walnuts, as part of a
low saturated fat and
low cholesterol diet
and not resulting in
increased caloric
intake, may reduce
the risk of coronary
heart disease. See
nutrition information
for fat [and calorie]
content,

Notes: The bracketed
phrase "and calorie”
is optional in that
FDA does not intend
Jor the presence or
absence of such
phrase to be a factor
in whether it
considers
enforcement
discretion for the use




size, typeface, and
contrast as the claim
itself.

of the qualified
health claim. FDA
considered this
additional
information
beneficial to
consumers 1o
heighten their
awareness of the
caloric contribution
from walnuts and
encourages
companies to include
it in product
labeling.

Omega-3 Fatty
Acids & Coronary
Heart Disease

Docket No. 20030-
0401

09/08/2004
enforcement
discretion letter -
Wellness Petition

09/08/2004
enforcement
discretion letter -
Martek Petition

Conventional foods
and dietary
supplements that
contain EPA and
DHA omega-3 fatty
acids.

Dietary supplements
should not recommend
or suggest in their
labeling a daily intake
exceeding 2 grams of
EPA and DHA

Total fat content

Dietary supplements
that weigh 5 g or less
per RACC (RACC for
dietary supplement is
labeled serving size)
are exempted from the
total fat disqualifying
level, but if dietary
supplements that weigh
5 g or less per RACC
exceed the total fat
disqualifying level
(13.0 g per 50 g) the
disclosure statement
(i.e., "See nutrition
information for total fat
content") must be
placed immediately
adjacent to the health
claim. Dietary
supplements that weigh
more than 5 g per
RACC must not exceed
the total fat

Supportive but not
conclusive research
shows that
consumption of EPA
and DHA omega-3
fatty acids may
reduce the risk of
coronary heart
disease. One serving
of [Name of the food]
provides [ | gram of
EPA and DHA
omega-3 fatty acids.
[See nutrition
information for total
fat, saturated fat, and
cholesterol content.]

Note: Dietary
supplements may
declare the amount of
EPA and DHA per
serving in
"Supplement Facts,"
instead of making the
declaration in the
claim.




disqualifying level
(13.0 g per RACC and
per 50 gif RACCis <
30 g or <2 tbsp). (See
"Qualified Health
Claims Subject to
Enforcement
Discretion, Omega-3
Fatty Acids and
Coronary Heart
Disease" and the
enforcement discretion
letter for Omega-3
Fatty Acids and
Coronary Heart
Disease)

Fish (i.e., "products
that are essentially all
fish") may not exceed
16.0 g total fat per
RACC. Fish with a
total fat content greater
than 13.0 g per RACC
must include "See
nutrition information
for total fat content"
with the health claim.

‘| The "products that are
essentially all fish"
include fish without
any added ingredients
and fish with a small
amount of added fat or
carbohydrate that
meets the definition of
an insignificant amount
in 21 CFR 101.9(H)(1).
Examples of these
products are raw fish,
boiled fish, and broiled
fish.

Conventional foods
other than fish may not
exceed the total fat
disqualifying levels.
For individual foods,




the total fat
disqualifying level is
13.0 g per RACC and
per 50 gif RACC is <
30 g or <2 tbsp. The
total fat disqualifying
level is 26.0 g per label
serving size for meal
products and 19.5 g per
label serving size for
main dish products.

Saturated fat content

Dietary supplements
must meet the criterion
for low saturated fat
with regard to the
saturated fat content (<
1 g per RACC) but not
with regard to the no
more than 15 percent
calories from saturated
fat criterion.

Fish may not exceed
the saturated fat
disqualifying level of
4.0 g per RACC (or 4.0
g per 50 g if RACC is
<30 g or <2 tbsp).

Conventional foods
other than fish must
meet the criteria for
low saturated fat (<1 g
per RACC and no more
than 15 percent of
calories from saturated
fat for individual foods,
<1 gper 100 g and
less than 10 percent
calories from saturated
fat for meal products
and main dish
products). There is an
error in the
enforcement discretion




letters in the section of
"low saturated fat,"
stating that meal
products and main
dishes meet all criteria
specified for the "low
saturated fat" criteria
(21 CFR 101.62(c)(2)).
The CFR number
should be (21 CFR

101.62(c)(3)).

Cholesterol content

Dietary supplements
that weigh 5 g or less
per RACC are exempt
from the cholesterol
disqualifying level (60
mg per 50 g), but those
that exceed the
cholesterol
disqualifying level
must include "See
nutrition information
for cholesterol content"
with the qualified
health claim. Dietary
supplements that weigh
more than 5 g per
RACC must meet the
criterion for low
cholesterol (<20 mg
per 50g).

Fish must meet the
extra lean criterion
with regard to
cholesterol content (<
95 mg per RACC and
per 100 g, whichever is
greatest), but not with
regard to saturated fat
content. Fish with
cholesterol content
greater than 60 mg per
RACC must include
"See nutrition




information for
cholesterol content"
with the qualified
health claim.

Conventional foods
other than fish must
meet the low
cholesterol criterion
(21 CFR 101.62(d)(2)).
See 21 CFR 101.62(d)
(2) for the low
cholesterol criterion
specific for individual
foods, meal products,
and main dish
products.

Sodium

All conventional foods
and dietary
supplements must meet
the sodium
disqualifying level (<
480 mg per RACC and
per 50 g if RACC is <
30 g or <2 tbsp for
individual foods, < 960
mg per label serving
size for meal products,
<720 mg per label
serving size for main
dish products).

The 10 percent
minimum nutrient
requirement

All conventional foods
must meet the 10
percent minimum
nutrient requirement
(Vitamin A 500 IU,
Vitamin C 6 mg, Iron
1.8 mg, Calcium 100
mg, Protein 5 g, Fiber
2.5 g per RACC), prior




to any nutrient
addition. The 10
percent minimum
nutrient requirement
does not apply to
dietary supplements
(21 CFR 101.14(e)(6)).

Monounsaturated
Fatty Acids From
Olive Oil and
Coronary Heart
Disease

Docket No. 20030-

| oil and labeled as

0559

11/01/2004
enforcement
discretion letter

All products that are
essentially pure olive

such (see * for
definitions)

Dressings for salads
(i.e. salad dressings)
that contain 6 g or
more olive oil per
Reference Amount
Customarily
Consumed (RACC),
are low in cholesterol
(21 CFR 101.62(d)
(2)), and do not
contain more than 4 g
of saturated fat per 50

g.

Vegetable oil spreads
that contain 6 g or
more olive oil per
RACC, are low in
cholesterol (21 CFR
101.62(d)(2)) and do
not contain more than
4 g of saturated fat
per RACC.

Olive oil-containing
foods that contain 6 g
or more olive oil per
RACC, are low in
cholesterol (21 CFR
101.62(d)(2)),
contain at least 10%
of either vitamin A,
vitamin C, iron,
calcium, protein or
dietary fiber. If the

Olive oil, vegetable oil
spreads, dressings for
salads, shortenings and
olive-oil containing
foods do not need to
comply with the total
fat disqualifying level
in 21 CFR 101.14(a)
(4).

The requirement that
the food comply with
the 50 gram-criterion
of the saturated fat
disqualifying level (21
CFR 101.14(e)(3))
does not apply to olive
oil, vegetable oil
spreads, and
shortenings.

The requirement that
the food contain a
minimum of 10 percent
of the Daily Value per
RACC of at one of the
following: vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber per RACC
(21 CFR 101.14(e)(6))
does not apply to olive
oil, dressings for
salads, and shortenings.

When the total fat
disqualifying level is
exceeded in vegetable
oil spreads, dressings
for salads, shortenings,
or olive-oil containing

Limited and not
conclusive scientific
evidence suggests
that eating about 2
tablespoons (23
grams) of olive oil
daily may reduce the
risk of coronary heart
disease due to the
monounsaturated fat
in olive oil. To
achieve this possible
benefit, olive oil is to
replace a similar
amount of saturated
fat and not increase
the total number of
calories you eat in a
day. One serving of
this product contains
[x] grams of olive oil.

Note: The last
sentence of the claim
"One serving of this
product contains [x]
grams of olive oil." is
optional when the
claim is used on the
label or in the
labeling of olive oil.

*(1) Olive oil means
virgin olive oil, or
blends of virgin olive
oil and refined olive
oil; where virgin
olive oil is the oil
resulting from the
first pressing of
olives and is suitable




RACC of the olive
oil-containing food is
greater than 30 g the
food cannot contain
more than 4 g of
saturated fat per
RACC and if the
RACC of the olive
oil-containing food is
30 g or less the food

| cannot contain more

than 4 g of saturated
fat per 50 g.

Shortenings that
contain 6 g or more
olive oil per RACC
and are low in
cholesterol (21 CFR
101.62(d)(2)) and do
not contain more than
4 g of saturated fat
per RACC.

Meal products (21
CFR 101.13()) or
Main dish products
(21 CFR 101.13(m))
are not eligible for
the claim.

foods the disclosure
statement (i.e., See
nutrition information
for saturated fat
content) must be
placed immediately
following the claim,
with no intervening
material, in the same
size, typeface, and
contrast as the claim
itself.

When the food does
not meet the definition
of low saturated fat (21
CFR 101.62(c)(2)) the
disclosure statement
(i.e., See nutrition
information for
saturated fat content)
must be placed
immediately following
the claim, with no
intervening material, in
the same size, typeface,
and contrast as the
claim itself.

If both of the above
two conditions are met
the disclosure
statements for total fat
and saturated fat can be
combined (i.e., See
nutrition information
for total and saturated
fat content).

for human
consumption without
further processing
and refined olive oil
is the oil obtained
from subsequent
pressings and which
is suitable for human
consumption by
refining processes
which neutralize the
acidity or remove
particulate matter.

(2) Vegetable oil
spread means
margarine (21 CFR
166.110) and
margarine-like
products.

(3) "dressings for
salads" means
dressings for salads
formulated to contain
olive oil.

(4) "shortenings"
means vegetable oil
shortenings,
formulated to contain
olive oil.

(5) Olive oil-
containing foods
means foods, such as
sauces or baked
goods, excluding
olive oil, vegetable
oil spreads, dressings
for salads, and
shortenings.

Green Tea &
Cancer

Docket No. 20040-

0083

Green tea and
conventional foods
and dietary
supplements that
contain green tea

Green tea does not
exceed the
disqualifying nutrient
levels for total fat,
saturated fat,
cholesterol, and

(1) Two studies do
not show that
drinking green tea
reduces the risk of
breast cancer in
women, but one

s I A . A ... AT



06/30/2005
enforcement
discretion letter

sodium specified in 21
CFR 101.14(a)(4).

EDA intends to
consider the exercise of
its enforcement
discretion for qualified
health claims for green
tea and breast cancer
and for green tea and
prostate cancer to be
used on the label or in
the labeling of green
tea-containing foods
when the food does not
exceed any of the
disqualifying nutrient
levels for fat, saturated
fat, cholesterol, and
sodium.

FDA intends to
consider the exercise of
its enforcement
discretion for green tea
that does not meet the
10% minimum nutrient
content requirement in
21 CFR 101.14(e)(6).

FDA does not intend to
consider the exercise of
its enforcement
discretion for green
tea-containing foods
that do not meet the
requirements of 21
CER 101.14(e)(6).

weaker, more limited
study suggests that
drinking green tea
may reduce this risk.
Based on these
studies, FDA
concludes that it is
highly unlikely that
green tea reduces the
risk of breast cancer.
or,

(2) One weak and
limited study does
not show that
drinking green tea
reduces the risk of
prostate cancer, but
another weak and
limited study
suggests that
drinking green tea
may reduce this risk.
Based on these
studies, FDA
concludes that it is
highly unlikely that
green tea reduces the
risk of prostate
cancer.

Chroemium
Picolinate &
Diabetes

Docket No. 2004Q-
0144

08/25/2005
enforcement
discretion letter

Dietary supplements
containing chromium

Dietary supplement
containing chromium
must meet or exceed
the requirement for a
"high" level of
chromium as defined in
21 CFR 101.54(b) (i.e.,
24 mg or more per
RACC under the
current regulation) for

One small study
suggests that
chromium picolinate
may reduce the risk
of insulin resistance,
and therefore
possibly may reduce
the risk of type 2
diabetes. FDA
concludes, however,




FDA toexercise

enforcement discretion.

that the existence of
such a relationship
between chromium
picolinate and either
insulin resistance or

type 2 diabetes is

highly uncertain.
Calcium and Dietary supplements | The dietary supplement | Colon/Rectal
Colon/Rectal containing calcium must meet or exceed Cancer:

Cancer & Calcium
and Recurrent
Colon/Rectal
Polyps

Docket No. 20040-
0097

10/12/2005
enforcement
discretion letter

the requirement for a
"high" level of calcium
as defined in 21 CFR
101.54(b) (i.e., 200 mg
or more calcium per
RACC)

The calcium content of
the dietary supplement
must be assimilable
(i.e., bioavailable) (21
CFR 101.72(c)(ii))}(B)),
and meet the United
States Pharmacopeia
(U.S.P.) standards for
disintegration and
dissolution applicable
to their component
calcium salts. For
dietary supplements for
which no U.S.P.
standards exist, the
dietary supplement
must exhibit
appropriate
assimilability under the
conditions of use stated
on the product label

(21 CFR 101.72(c)(ii)

Q).

Some evidence
suggests that calcium
supplements may
reduce the risk of
colon/rectal cancer,
however, FDA has
determined that this
evidence is limited
and not conclusive.

Recurrent Colon
Polyps:

Very limited and
preliminary evidence
suggests that calcium
supplements may
reduce the risk of
colon/rectal polyps.
FDA concludes that
there is little
scientific evidence to
support this claim.

Calcium &
Hypertension,
Pregnancy-Induced
Hypertension, and
Preeclampsia

Docket No. 20040-
0098

Dietary supplements
containing calcium

The dietary supplement
must meet or exceed
the requirement for a
"high" level of calcium
as defined in 21 CFR
101.54(b) (i.e., 200 mg
or more calcium per
RACC)

Hypertension:

Some scientific
evidence suggests
that calcium
supplements may
reduce the risk of
hypertension.




10/12/2005
enforcement
discretion letter

{ The calcium content of

the dietary supplement
must be assimilable
(i.e., bioavailable) (21
CFR 101.72(c)(ii)}(B)),
and meet the United
States Pharmacopeia
(U.S.P.) standards for
disintegration and
dissolution applicable
to their component
calcium salts. For
dietary supplements for
which no U.S.P.
standards exist, the
dietary supplement
must exhibit
appropriate
assimilability under the
conditions of use stated
on the product label
(21 CFR 101.72(c)(ii)

(®))2

However, FDA has
determined that the
evidence is
inconsistent and not
conclusive.

Pregnancy-Induced
Hypertension:

Four studies,
including a large
clinical trial, do not
show that calcium
supplements reduce
the risk of
pregnancy-induced
hypertension during
pregnancy. However,
three other studies
suggest that calcium
supplements may
reduce the risk.
Based on these
studies, FDA
concludes that it is
highly unlikely that
calcium supplements
reduce the risk of
pregnancy-induced
hypertension.

Preeclampsia:

Three studies,
including a large
clinical trial, do not
show that calcium
supplements reduce
the risk of
preeclampsia during
pregnancy. However,
two other studies
suggest that calcium
supplements may
reduce the risk.
Based on these
studies, FDA
concludes that it is




highly unlikely that
calcium supplements
reduce the risk of
preeclampsia.

Tomatoes and/or
Tomato Sauce &
Prostate, Ovarian,
Gastric, and
Pancreatic Cancers

Docket No. 20040-
0201

11/08/2005
enforcement
discretion letter -
American Longevity
Petition

11/08/2005
enforcement
discretion letter -
Lycopene Heath
Claim Coalition
Petition

(1) Cooked, Raw,
Dried, or Canned
Tomatoes

(2) Tomato Sauces
that contain at least
8.37 percent salt-free
tomato solids

Tomatoes and/or
Tomato Sauce and
Prostate Cancer:

Very limited and
preliminary scientific
research suggests
that eating one-half
to one cup of
tomatoes and/or
tomato sauce a week
may reduce the risk
of prostate cancer.
FDA concludes that
there is little
scientific evidence
supporting this
claim.

Tomato Sauce and
Ovarian Cancer;

One study suggests
that consumption of
tomato sauce two
times per week may
reduce the risk of
ovarian cancer; while
this same study
shows that
consumption of
tomatoes or tomato
juice had no effect on
ovarian cancer risk.
FDA concludes that
it is highly uncertain
that tomato sauce
reduces the risk of
ovarian cancer.

Tomatoes and
Gastric Cancer:

Four studies did not




show that tomato
intake reduces the
risk of gastric cancer,
but three studies
suggest that tomato
intake may reduce
this risk. Based on
these studies, FDA
concludes that it is
unlikely that
tomatoes reduce the
risk of gastric cancer.

Tomatoes and
Pancreatic Cancer:

One study suggests
that consuming
tomatoes does not
reduce the risk of
pancreatic cancer,
but one weaker, more
limited study
suggests that
consuming tomatoes
may reduce this risk.
Based on these
studies, FDA
concludes that it is
highly unlikely that
tomatoes reduce the
risk of pancreatic
cancer.

Unsaturated Fatty
Acids from Canola
Oil and Reduced
Risk of Coronary
Heart Disease

Docket No. 20060-
0091

10/06/2006
enforcement
discretion letter

Canola oil (see * for
definitions)

Vegetable oil

spreads, dressings for
salads, shortenings,
and canola oil-
containing foods that
contain 4.75 g or
more of canola oil per
RACC, are low in
saturated fat (21 CFR
101.62(c)(2)), are low
in cholesterol (21
CFR 101.62(d)(2)),

Canola oil, vegetable
oil spreads, dressings
for salads, shortenings
and canola-oil
containing foods do not
need to comply with
the total fat
disqualifying level in
21 CFR 101.14(a)(4).

The requirement that
the food contain a
minimum of 10 percent
of the Daily Value per
RACC of at one of the

Limited and not
conclusive scientific
evidence suggests
that eating about 1
1/2 tablespoons (19
grams) of canola oil
daily may reduce the
risk of coronary heart
disease due to the
unsaturated fat
content in canola oil.
To achieve this
possible benefit,
canola oil is to
replace a similar




and meet the
saturated fat,
cholesterol, and
sodium disqualifying
levels (21 CFR
101.14(a)(4)).

Vegetable oil spreads
and canola oil-
containing foods
must also meet the
10% minimum
nutrient content
requirement (21 CFR

101.14(e)(6)).

following: vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber per RACC
(21 CFR 101.14(e)(6))
does not apply to
canola oil, dressings
for salads, and
shortenings.

When the total fat
disqualifying level is
exceeded in vegetable
oil spreads, dressings
for salads, shortenings,
or canola-oil
containing foods, the
disclosure statement
(i.e., See nutrition
information for total fat
content) must be
placed immediately
following the claim,
with no intervening
material, in the same
size, typeface, and
contrast as the claim
itself.

amount of saturated
fat and not increase
the total number of
calories you eat in a
day. One serving of
this product contains
[x] grams of canola
oil.

*For the purposes of
this qualified health
claim:

(1) "Canola oil"
means products that
are essentially pure
canola oil and are
labeled as such.

(2) "Vegetable oil
spread" means
margarine (21 CFR
166.110) and
margarine-like
products, formulated
to contain canola oil.

(3) "Dressings for
salads" means
dressings for salads
formulated to contain
canola oil.

(4) "Shortenings"
means vegetable oil
shortenings,
formulated to contain
canola oil.

(5) "Canola oil-
containing foods"
means all other
foods, such as sauces
or baked goods,
formulated to contain
canola oil, excluding
canola oil, vegetable
oil spreads, dressings




for salads, and
shortenings.

Corn Oil and Corn
Oil-Containing
Products and a
Reduced Risk of
Heart Disease

Docket No. 2006P-

0243

3/26/2007
enforcement
discretion letter

Corn oil (see * for
definitions)

Vegetable oil blends
and shortenings that
contain 4 g or more
corn oil per RACC,
are low in cholesterol
(21 CFR 101.62(d)
(2)), meet the
cholesterol and
sodium disqualifying
levels (21 CFR
101.14(a)(4)), and do
not contain more than
4 g of saturated fat
per RACC.

Dressings for salads
(i.e. salad dressings)
that contain 4 g or
more corn oil per
RACC, are low in
cholesterol (21 CFR
101.62(d)(2)), meet
the cholesterol and
sodium disqualifying
levels (21 CFR
101.14(a)(4)), and do
not contain more than
4 g of saturated fat
per 50 g.

Vegetable oil spreads
that contain 4 g or
more corn oil per
RACC, are low in
cholesterol (21 CFR
101.62(d)(2)), meet
the cholesterol and
sodium disqualifying
levels (21 CFR
101.14(a)(4)), contain
at least 10% of either
vitamin A, vitamin C,

iron, calcium, protein

Corn oil, vegetable oil
blends, vegetable oil
spreads, dressings for
salads, shortenings and
corn-oil containing
foods do not need to
comply with the total
fat disqualifying level
in 21 CFR 101.14(a)
4).

The requirement that
the food comply with
the 50 gram-criterion
of the saturated fat
disqualifying level (21
CFR 101.14(e)(3))
does not apply to corn
oil, vegetable oil
blends, vegetable oil
spreads, and
shortenings.

The requirement that
the food contain a
minimum of 10 percent
of the Daily Value per
RACC of at one of the
following: vitamin A,
vitamin C, iron,
calcium, protein, or
dietary fiber per RACC
(2L CFR 101.14(e)(6))
does not apply to corn
oil, vegetable oil
blends, dressings for
salads, and shortenings.

When the total fat
disqualifying level is
exceeded in vegetable
oil spreads, dressings
for salads, shortenings,
or corn-oil containing
foods, the disclosure

statement (i.e., See

Very limited and
preliminary scientific
evidence suggests
that eating about 1
tablespoon (16
grams) of corn oil
daily may reduce the
risk of heart disease
due to the
unsaturated fat
content in corn oil.
FDA concludes that
there is little
scientific evidence
supporting this
claim. To achieve
this possible benefit,
corn oil is to replace
a similar amount of
saturated fat and not
increase the total
number of calories
you eat in a day. One
serving of this
product contains [x]
grams of corn oil.

(1) "corn oil" means
products that are
essentially pure corn
oil and are labeled as
such

(2) "vegetable oil
blends" means a
blend of two or more
vegetable oils
formulated to contain
corn oil

(3) "vegetable oil
spread" means
margarine (21 CFR
166.110) and
margarine-like
products formulated




or dietary fiber, and
do not contain more
than 4 g of saturated
fat per RACC.

Corn oil-containing
foods that contain 4 g
or more corn oil per
RACC, are low in
cholesterol (21 CFR
101.62(d)(2)), meet
the cholesterol and
sodium disqualifying
levels (21 CFR
101.14(a)(4)), contain
at least 10% of either
vitamin A, vitamin C,
iron, calcium, protein
or dietary fiber. If the
RACC of the corn
oil-containing food is
greater than 30 g, the
food cannot contain
more than 4 g of
saturated fat per
RACC, and if the
RACC of' the corn
oil-containing food is
30 g or less, the food
cannot contain more
than 4 g of saturated
fat per 50 g.

nutrition information
for total fat content)
must be placed
immediately following
the claim, with no
intervening material, in
the same size, typeface,
and contrast as the
claim itself.

When the food does
not meet the definition
of low saturated fat (21
CER 101.62(c)(2)), the
disclosure statement
(i.e., See nutrition
information for
saturated fat content)
must be placed
immediately following
the claim, with no
intervening material, in
the same size, typeface,
and contrast as the
claim itself.

If both of the above
two conditions are met,
the disclosure
statements for total fat
and saturated fat can be
combined (i.e., See
nutrition information
for total and saturated
fat content).

to contain corn oil

(4) "dressings for
salads" means
dressings for salads
formulated to contain
corn oil

(5) "shortenings"
means vegetable oil
shortenings
formulated to contain
corn oil

(6) "corn oil-
containing foods"
means all other
foods, such as sauces
or baked goods,
formulated to contain
corn oil, excluding
corn oil, vegetable
oil blends, vegetable
oil spreads, dressings
for salads, and
shortenings.
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